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ABSTRACT 

Over 20 years of research on terror management theory has demonstrated that 

reminders of death (mortality salience; MS) heighten individuals’ investment in 

prioritized bases of value and meaning. Research in this vein has shown that MS 

intensifies people’s efforts to demonstrate personal value on tasks relevant to their self-

esteem (“self-esteem striving”). Though much work illustrates that such responses 

function to mitigate death-related concerns, to date no work has directly assessed the 

particular regulatory mechanisms that implement MS-induced self-esteem striving. The 

present study aimed to do so by measuring neural indices of performance monitoring. 

During a tasked framed as diagnostic of self-esteem relevant attributes, participants were 

randomly assigned to receive subliminal primes of the word death or of control terms. 

Response-locked brain signals were recorded to assess reactivity to correct and incorrect 

responses during the task. Results showed that death-primed (vs. control) participants 

exhibited greater neural reactivity following error commission as indexed by larger 

amplitude of the Error Related Negativity (ERN). Death-primed (vs. control) participants 

also exhibited intensified behavioral efforts to improve their performance following error 

commission (i.e., post-error slowing, post-error accuracy), effects that were likely 

mediated by the activity of neural mechanisms that generate the ERN. Furthermore, 

among death-primed participants, behavioral improvements on the self-esteem relevant 

task correlated with attenuations in death thought accessibility. Receiving death primes 

did not influence neural reactivity to correct responses (Correct Related Negativity; 

CRN) nor did it heighten a neural index of explicit error awareness (Error Positivity; Pe). 
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Together these findings suggest that MS-induced self-esteem striving is implemented via 

automatic monitoring and avoidance of errors. The role of avoidance motivation in self-

esteem striving is thus discussed. 
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Character is a face that one sets to the world, but it hides an inner defeat. 

 

   —Ernest Becker (“The Denial of Death”, 1973, p. 29) 
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Chapter 1 

 

INTRODUCTION  

Terror management theory (TMT; Greenberg, Pyszczynski, & Solomon, 1986; 

Greenberg, Solomon, & Arndt, 2008) proposes that individuals manage concerns with 

their own mortality by maintaining faith in a cultural worldview and pursuing self-

esteem. In support of TMT, research has demonstrated that when individuals are 

reminded of their inevitable death (mortality salience; MS) they engage in efforts to meet 

dispositionally or situationally salient standards of value (“self-esteem striving”; e.g., 

Arndt, Schimel, & Goldenberg, 2003; Kosloff & Greenberg, 2009; Peters, Greenberg, 

Williams, & Schneider, 2005; Routledge, Arndt, & Goldenberg, 2004; Taubman Ben-Ari, 

Florian, & Mikulincer, 1999). Such findings suggest that MS motivates self-regulation: 

the recruitment of psychological resources in the service of executing actions consistent 

with goals (Carver & Scheier, 1981; Carver & Scheier, 1982; Mischel, Cantor, & 

Feldman, 1996; Mischel, Shoda & Peake, 1988).  

Despite the important role that self-regulation likely plays in MS effects, no 

studies have directly examined regulatory mechanisms that could facilitate goal 

attainment during MS-induced self-esteem striving. To examine such phenomena, the 

present research investigated the influence of MS on neural mechanisms associated with 

performance monitoring. Specifically, this study assessed whether activating thoughts of 

mortality during a self-esteem relevant task heightens neurobiological reactivity to error 
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commission, and whether such heightened reactivity predicts compensatory efforts to 

fulfill performance goals. 

Of primary interest in assessing these possibilities was the Error-Related 

Negativity (ERN; Falkenstein, Hohnsbein, Hoormann, & Blanke, 1991) – a response-

locked brain signal occurring when an individual commits an error (Falkenstein et al., 

1991; Falkenstein, Hoormann, Christ, & Hohnsbein, 2000; Gehring, Coles, Meyer, & 

Donchin, 1990; Gehring, Goss, Coles, Meyer, & Donchin, 1993). ERN amplitude reflects 

the degree of activity in a neural conflict monitoring system, which contributes to the 

detection of erroneous performance and subsequent efforts to execute improved action 

(Botvinick, Nystrom, Fissel, Carter, & Cohen, 1999; Carter, Braver, Barch, Botvinick, 

Noll, & Cohen, 1998).  

Accordingly, the present experiment tested the hypotheses that MS will increase 

ERN amplitude during a self-esteem relevant task and that MS-induced increases in ERN 

will predict improved performance. Furthermore, consistent with the idea that self-esteem 

striving behaviors should mitigate death-related concerns provoked by MS (e.g., 

Greenberg, Arndt, Schimel, Pyszczynski, & Solomon, 2001), the study examined whether 

performance adaptations facilitated by heightened ERN after MS function to reduce the 

accessibility of death-related thought. 

Overview of terror management theory and research 

 TMT (Greenberg et al., 1986; Greenberg, et al., 2008) is a broad theory of human 

behavior derived from the works of cultural anthropologist Ernest Becker (1962; 1973; 

1975) and his predecessors (Freud, 1915/1957; Kierkegaard, 1954; Rank, 1931; Brown, 
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1959). The theory proceeds from the assumption that humans share with other life forms 

a set of basic, biologically engrained survival motivations; but additionally, humans have 

evolved qualitatively unique cognitive capacities for symbolic representation of the self 

and of the passage of time. Such faculties afford unprecedented levels of cognitive and 

behavioral flexibility (Becker, 1962; Deacon, 1997; Tulving, 2002), yet also render 

humans aware that they are alive and thus inevitably will die someday. According to 

TMT, in an animal innately geared toward continued survival, the awareness that one’s 

mortality cannot ultimately be forestalled and could actually occur at any moment instills 

a potential for tremendous anxiety which could burgeon into paralyzing terror. 

TMT proposes that humans manage the anxiety that underlying mortality 

concerns could provoke through the construction and maintenance of a dual-component 

anxiety buffer (Greenberg, Solomon, & Pyszczynski, 1997). The first component of this 

protective structure is faith in a cultural worldview: a socially constructed but 

individually adopted set of beliefs that imbue perceived reality with symbolic meaning 

and prescribe normative standards of valued behavior. The second component is self-

esteem: the perception that one is meeting or exceeding the standards of value espoused 

by one’s cultural worldview. According to TMT, pursuing self-esteem in the context of a 

cultural milieu enables individuals to maintain the sense that they are not just finite 

animals but rather enduring beings who will continue past death either literally (as an 

undying soul) or symbolically (e.g., through recognized successes, enduring influence, 

and lasting achievements). 
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Most empirical support for TMT is derived from tests of the mortality salience 

hypothesis, which states that if self-esteem and faith in a cultural worldview buffer death-

related concerns, then reminders of death should motivate reinforcement of these two 

constructs. In support of this hypothesis, studies have shown that reminders of death 

motivate worldview defense and self-esteem striving. Regarding the former, evidence 

shows that MS motivates individuals to bolster and defend beliefs and values central to 

their worldview. For instance, following MS individuals exhibit increased positivity 

toward people and institutions that support their worldview, and increased negativity 

toward those that offend their worldview (e.g., Greenberg et al., 1990; Greenberg, 

Pyszczynski, Solomon, Simon, & Breus, 1994). Regarding self-esteem striving, evidence 

shows that MS heightens behavioral efforts to meet (or perceive oneself as meeting) 

cultural standards of value. For instance, MS increases the use of self-serving biases and 

elevates behavioral intensity in self-esteem-relevant domains, such as risky driving, 

fitness intentions, physical strength, attractive appearance, and charitable action (for 

review, see Greenberg et al., 2008). 

Research on MS-induced self-esteem striving has generally focused on showing 

that, after MS, people adhere to personally embraced norms and values (e.g., Arndt et al., 

2003; Peters et al., 2005; Routledge et al., 2004; Taubman Ben-Ari et al., 1999). That is, 

when individuals’ self-esteem is contingent on success in a particular domain, MS 

heightens striving for positive performance in that domain (e.g., Arndt, Schimel, & 

Goldenberg, 2003; Kosloff & Greenberg, 2009, Study 2). Research also shows, though, 

that MS motivates people to behave in ways consistent with expectations made salient by 
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specific contexts. For instance, Greenberg and colleagues (1992, Study 2) manipulated 

the salience of tolerance by asking some participants to complete a tolerance 

questionnaire with such items as “It is important to be tolerant of those with different 

opinions,” and found that tolerance salience eliminated the tendency to reject different 

others after MS. Similarly, Routledge et al. (2004, Study 2) found that if female 

participants were primed with an association between tanned skin and attractive 

appearance (by viewing a picture of an attractive and tanned woman wearing a bikini and 

standing with a surfboard on the beach), they responded to MS with increased interest in 

tanning products and services (see also, e.g., Gailliot, Sillman, Schmeichel, Maner, & 

Plant, 2008; Jonas, Martens, Niesta, Fritsche, Sullivan, & Greenberg, 2008). 

MS has been operationalized in a variety of ways, including open-ended questions 

about one’s mortality, word searches with embedded death-related terms, proximity to a 

funeral home, exposure to corpse-like androids, and subliminal primes of the word death 

(for review, see Greenberg et al., 2008). This research has employed a wide range of 

control conditions in which participants were induced to think about aversive topics other 

than death, such as physical pain, failure, social rejection, unexpected anomalous events, 

meaninglessness, uncertainty, and various other forms of worrisome thought (Greenberg, 

et al., 2008). While these control topics sometimes produce more negative affect than MS 

inductions (e.g., Greenberg, Simon, Harmon-Jones, Solomon, Pyszczynski, & Chatel, 

1995), they have consistently failed to produce effects parallel to MS on measures of self-

esteem striving or worldview defense. In studies employing subliminal death-related 

primes, researchers have shown unique effects of such primes relative to control 
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conditions in which participants receive subliminal primes of the negatively valenced 

term pain or of the neutral term field, which is equal in length and comparable in 

frequency to the word death (Arndt, Greenberg, Pyszczynski, & Solomon, 1997a).  

Research aimed at understanding the processes underlying MS effects has 

consistently shown that terror management defenses are not mediated by the participant’s 

current emotional state. Studies have shown that, relative to the salience of aversive 

control topics, mortality salience does not influence self-reported affect (e.g., as 

registered on measures such as the PANAS-X, Watson & Clark, 1994, or the MAACL, 

Zuckerman & Lubin, 1965) and that neither self-reported affect nor autonomic arousal 

mediate the impact of MS on measures of symbolic defense (e.g., Arndt, Allen & 

Greenberg, 2001; Rosenblatt, Greenberg, Solomon, Pyszczynski, & Lyon, 1989). MS 

effects appear to result not from the actual arousal MS elicits, but rather from the effect 

of MS to increase concerns with potential death-related anxiety (Greenberg, Martens, 

Jonas, Eisenstadt, Pyszczynski, & Solomon, 2003). In support of this perspective, 

Greenberg et al. (2003) found that reducing concerns with potential anxiety by having 

participants ingest a placebo labeled as an anxiety-reducer eliminated the effect of MS on 

worldview defense. 

Studies suggest that heightened concern with potential death-related anxiety 

following MS is indexed by increased accessibility of death-related thoughts (e.g., Arndt, 

Cook, & Routledge, 2004; Arndt, Greenberg, Solomon, Pyszczynski, & Simon, 1997b). 

Consistent with this view, MS-induced self-esteem striving and worldview defense have 

been shown to occur only when death-related cognitions are active outside of current 
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focal attention (e.g., Greenberg et al., 1994; Kosloff & Greenberg, 2009), and function to 

reduce otherwise high death thought accessibility after MS (e.g., Greenberg, et al., 2001). 

Studies further show that severe threat to individuals’ self-esteem or worldview 

spontaneously increase the accessibility of death-related thoughts but not other negative 

thoughts (Hayes, Schimel, Faucher, & Williams, 2008; Schimel, Hayes, Williams & 

Jahrig, 2007). 

While this extensive body of work indicates that MS effects are motivated 

specifically by unconscious concerns with potential death-related anxiety, prior research 

has not identified particular regulatory mechanisms via which symbolic defensive 

responses to implicit death thoughts get implemented in behavior. That is, prior studies 

show why MS effects occur (i.e., to reduce death-thought accessibility and thus allay the 

potential anxiety it signals) but have not yet shown how (e.g., by what cognitive 

mechanisms) self-esteem striving or worldview defense get executed following MS. As 

described in the following section, additional findings seem to imply the operation of 

self-regulatory mechanisms in mortality salience effects.  

Self-regulatory processes suggested by prior MS effects 

 The phenomena of self-esteem striving and worldview defense suggest that, after 

MS, individuals self-regulate in the service of attaining desired ends (i.e., to see oneself 

as good and one’s beliefs as right). Several specific lines of research in the TMT 

literature further intimate that responses to MS require self-regulatory resources. This 

prior research can be categorized in terms of four approaches. 
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 The first approach aims to demonstrate that, following MS, individuals engage in 

restrictive behaviors in order to realize valued self-relevant goals. For instance, Ferraro, 

Shiv, & Bettman (2005) showed that, in two behavioral domains (food choice and 

charitable donations/socially conscious consumer behaviors) mortality salience led to less 

indulgent choices among participants for whom that domain was an important source of 

esteem. Similarly, Goldenberg, Arndt, Hart and Brown (2005) found that, women 

restricted consumption of a nutritious but fattening food in response to MS. In one of 

their studies, women who were relatively less successful at attaining the thin ideal (i.e., 

those with a high body mass index; BMI) responded to MS by perceiving themselves as 

more discrepant from their ideal thinness, and this perceived failure mediated the effects 

of MS and BMI on restricted eating behavior.  

These findings led Goldenberg et al. (2005) to conclude that: “Mortality concerns 

promote pressures to attain … standards, which … can operate via a self-regulatory 

process in which perceived discrepancies from one’s ideal mediate behavioral efforts to 

conform” (p. 1410). The notion that perceiving a discrepancy can motivate action to 

reduce that discrepancy has long been central to a number of self-regulatory theories 

(e.g., Carver & Scheier, 1981; Duval & Wicklund, 1972). Goldenberg et al.’s findings are 

also consistent with perspectives suggesting that self-regulation functions to delay 

gratification and resist temptation in order to attain goals (e.g., Cantor, 1990, Mischel et 

al., 1988). Arguably, however, Goldenberg et al. (2005) did not directly observe any 

particular regulatory mechanisms at work. Assessing self-reported discrepancy levels 



 

 

20 

may have permitted inference to underlying self-regulatory processes, but did not directly 

reveal a cascade of responses and adaptations during goal pursuit. 

A second approach aims to show that individual differences in regulatory capacity 

moderate the influence of MS, such that individuals who are better able to self-regulate 

respond to MS with defense of values that are difficult to defend. Research by Kazén, 

Baumann & Kuhl (2005), for instance, examined the effect of MS on national pride in 

Germany, a country in which, for historical reasons, attitudes toward national identity are 

negatively valued. The effect of MS on national pride was moderated by action-

orientation, an individual difference in the ability to self-regulate affect intuitively (i.e., in 

a flexible, efficient, and nonrepressive manner; see Koole & Jostmann, 2004) and 

autonomously (e.g., being able to stop ruminations by oneself, without external help; cf. 

Kuhl & Beckmann, 1994). Specifically, high action-orientation individuals responded to 

MS with pronounced German national pride.  

Consistent with other research showing that action-oriented individuals are able to 

reduce negative affect in response to negative life events (Rholes, Michas, & Shroff, 

1989), repeated failure inductions (Kuhl, 1981), and problems associated with life 

transition when entering college (Jaramillo & Spector, 2004), Kazén et al. (2005) 

interpreted their findings to suggest that high self-regulatory capacity enabled the highly 

action-oriented individuals to respond to MS with less negative or even positive 

evaluations of controversial symbols representing their cultural worldview. However, 

Kazén et al.’s (2005) research did not reveal particular regulatory mechanisms at work in 
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their effects. This again illustrates how prior TMT research implies but does not 

explicitly demonstrate the operation of such mechanisms. 

A third approach aims to show that MS itself is cognitively taxing, likely because 

it triggers recruitment of resource-usurping regulatory mechanisms. This was the 

approach of Gailliot, Schmeichel & Baumeister (2006), who explored whether coping 

with thoughts of death leads to self-regulatory fatigue. In support of this idea, Gailliot et 

al. (2006) found that MS led to worse performance on incongruent trials in a Stroop task, 

impaired performance on problems requiring self-control (analytical reasoning skills) but 

not problems requiring only more basic cognitive processing (rote memory for verbal 

definitions), and providing fewer correct solutions on an anagrams task.  

It is important to note, however, that Gailliot et al. (2006) employed an explicit 

MS induction (completing open-ended questions about death). This suggests that their 

effects could reflect the consequences of regulatory operations at an earlier stage of 

processing than that at which self-esteem striving and worldview defense occur. 

Specifically, research in support of a dual-process model of terror management (e.g., 

Arndt et al., 2004) shows that immediately after explicit death reminders, individuals 

exhibit proximal defenses aimed at denying literal vulnerability to death, and that at this 

stage, while death thoughts are present in focal attention, implicit death thoughts are 

effortfully suppressed (Arndt et al., 1997b). In contrast to this is a distal stage of 

processing death thoughts, which occurs either when a delay and distraction follows 

explicit MS or immediately after death-thoughts are subliminally primed (e.g., Arndt et 

al., 1997a). At this distal stage, levels of unconscious death thought are elevated, either 
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because subliminally priming “death” bypasses the initial suppression process (Arndt et 

al., 2004) or because the initial active suppression process has relaxed over time (e.g., 

Greenberg et al., 1994). It is under such conditions that MS-induced self-esteem striving 

and worldview defense occur (e.g., Greenberg et al., 1994; Kosloff & Greenberg, 2009). 

In Gailliot et al.’s (2006) studies, MS-induced depletion likely stemmed from 

proximal suppression immediately after the MS induction rather than from worldview 

defense or death accessibility that came later. In support of this interpretation, in one of 

their studies, explicit MS depleted participants’ ability to complete neutral word-

fragments and heightened worldview defense, but the effect of explicit MS on cognitive 

depletion held accounting for variance in worldview defense and death thought 

accessibility. Furthermore, Gailliot et al.’s (2006) effects held accounting for variability 

in self-esteem. Interestingly though, worldview defense did correlate positively with 

leaving neutral fragments unsolved, suggesting that distal defenses in response to MS 

may be cognitively taxing in and of themselves. Since the present study aimed to 

examine self-regulatory mechanisms needed for executing behaviors at the distal stage, 

subliminal death primes were used to induce MS. This enabled assessment of distal 

regulatory mechanisms uninfluenced by the suppression process known to follow explicit 

MS and shown by Gailliot et al. (2006) to tax regulatory resources. 

A fourth research approach aims to identify the influence of MS on neural 

processes related to affect regulation, and whether such regulatory processes contribute to 

distal defensive responses. In this vein, recent unpublished findings by Kosloff, Allen & 

Greenberg (2010) reveal that MS influences frontal hemispheric electroencephalographic 
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(EEG) asymmetry. Operationally, frontal EEG hemispheric asymmetry is the difference 

between periodic oscillations in the alpha power band (8-13Hz) at the right frontal scalp 

surface and those at the left frontal scalp surface. Calculating this difference enables 

determination of whether left or right frontal cortical regions are more active. 

Conceptually, relatively greater left frontal brain activity is thought to reflect tendencies 

toward a general appetitive, approach, or behavioral activation orientation, whereas 

relatively greater right frontal activity is associated with tendencies toward a general 

avoidance or behavioral withdrawal orientation (for a review see e.g., Coan & Allen, 

2003, 2004; Wheeler, Davidson, & Tomarken, 1993). Kosloff et al. (2010) reasoned that 

since MS heightens concern with managing potential anxiety states (Greenberg et al., 

2003), it may activate systems that function to regulate negative emotional responding, 

specifically the withdrawal system indexed by relative right frontal activity. Indeed, at 

two site comparisons (F8-F7 and FP2-FP1), Kosloff et al. (2010) found that relative right 

frontal activity did increase after MS. 

Kosloff et al. (2010) also assessed whether this regulatory response to MS would 

predict subsequent distal defensive responses. To test this possibility, after measuring the 

effect of MS on EEG asymmetry, Kosloff et al. (2010) ran their American participants in 

a startle paradigm, in which a series of images was presented on a computer screen 

(including images which were generally negative but irrelevant to America, and other 

images which portrayed violations of American symbols). During image viewing, 50 ms 

bursts of 95 db white noise were occasionally presented through headphones. Such 

probes are known to elicit defensive activation of the orbicularis oculi, the muscle 
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responsible for contracting the eye during a blink (e.g., Lang, Bradley, & Cuthbert, 

1997). The electrical activity associated with this defensive muscle contraction is termed 

a “startle response.” Startles reflect vigilance against potentially threatening stimuli (e.g., 

Graham, 1979), are modulated by the amygdala (e.g., Davis, 1989), and vary in 

magnitude based on the valence of foregrounded imagery (with individuals showing 

greater startle when probes are presented while negative images are viewed; e.g., Lang, 

1995; Vrana, Spence & Lang, 1988).  

Consistent with the idea that MS heightens vigilance against threats to one’s 

worldview, Kosloff et al. (2010) found that MS heightened startle responding during anti-

American image presentation, but not during presentation of negative images irrelevant to 

America. Furthermore, greater MS-induced shifting toward right frontal hemispheric 

asymmetry predicted greater MS-induced startle during anti-America image presentation. 

Kosloff et al.’s (2010) results suggest that regulatory processes instigated by MS include 

activation of a behavioral withdrawal system, and that the activation of this system 

contributes to subsequent distal defensive responses. Furthermore, using real-time 

neurobiological and autonomic measures helped Kosloff et al. (2010) avoid demand 

features of self-report assessments.  

Though useful in these regards, Kosloff et al.’s (2010) findings offer limited 

insight regarding the particular regulatory mechanisms that come online after MS. EEG 

asymmetry scores are derived from averaged epochs of ongoing neural activity occurring 

over several minutes, rather than by averaging response-locked signals; this lessens 

temporal resolution and the precision with which the onset of particular mechanisms can 
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be detected. Also, frontal EEG hemispheric asymmetry is a fairly gross measure of brain 

activity; it registers across a rather broad scalp distribution rather than at a particular site 

where the neural generator is well-known.  

Neurophysiological indices of self-regulation 

To precisely assess regulatory processes underlying distal terror management 

responses, the present research examined the influence of MS on event-related 

neurophysiological phenomena known as Event-Related Potentials (ERPs; Donchin, 

1979; Sutton & Ruchkin, 1984). ERPs are patterned voltage changes, embedded in 

ongoing EEG activity, which reflect a process time-locked in response to a particular 

event. Specifically, ERPs reflect synchronously firing and phase-locked activity of 

neuronal populations in response to a stimulus (e.g., visual or auditory signal), a 

response, or an internal event.  

Past research has revealed that ERPs have many temporally and spatially 

dissociable components, each with its own psychological significance and particular 

endogenous and/or exogenous determinants (for a review, see Fabiani, Gratton, & Coles, 

2000). In light of Kosloff et al.’s (2010) observation that MS triggered avoidance-

oriented neurophysiological processes, the present study focused primarily on an ERP 

component reflecting reactivity to aversive actions (i.e., errors): the Error-Related 

Negativity (ERN; Falkenstein et al., 1991). Additionally, the current research examined 

ERP components associated with other aspects of performance monitoring and error 

detection: the Correct-Related Negativity (CRN; Vidal, Hasbroucq, Grapperon, & 

Bonnet, 2000) and the Error Positivity (Pe; Overbeek, Nieuwenhuis, & Ridderinkhof, 
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2005). The nature of these signals and the hypotheses tested in the present research are 

described next. 

 Error-Related Negativity (ERN). The ERN (sometimes also termed the error 

negativity [Ne]) is a response-locked ERP component occurring at fronto-central 

recording sites (Fz, FCz, Cz) following error responses (Falkenstein et al., 1991), and 

peaking about 80 ms (± 20 ms) post-response. The ERN appears to reflect the operation 

of a response-monitoring system and is modulated by motivation, with larger ERNs 

occurring when participants are striving for accurate performance (e.g., Gehring, et al., 

1993). 

Source localization techniques suggest that the likely neural generator of the ERN 

is the dorsal anterior cingulate cortex (ACC; e.g., Dehaene, Posner, & Tucker, 1994; 

Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004), a portion of the cingulate cortex 

with connectivity to brain regions implicated in higher-order cognitive processes (i.e., 

prefrontal cortex, parietal cortex) (Goldberg, 1985; Goldman-Rakic, 1987; Shallice, 

1988; Stuss & Benson, 1986). The ACC appears involved when effort is needed to carry 

out learning and problem solving tasks, and the ERN reflects ACC functions that interact 

with executive brain regions to compensate for errors by implementing changes in 

performance. In support of this perspective, greater ERN amplitude in response to error 

commissions predicts behavioral compensation aimed at minimizing error responses 

(e.g., Gehring, et al., 1993; Cavanagh, Cohen, & Allen, 2009). These modifications 

include slower, more cautious responding on subsequent trials (“post-error slowing”) and 
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greater likelihood of providing correct responses on subsequent trials (“post-error 

accuracy”). 

Conceptually, the function of this response-monitoring system maps onto self-

regulation processes, in that activity of this system implicates cognitive and motivational 

factors in the modification of behavior to meet performance goals. Thus the ERN 

represents a potentially useful index for examining regulatory mechanisms by which MS 

influences behavior. Specifically, since MS motivates individuals to perform well on 

tasks that have implications for self-esteem, MS may heighten reactivity to errors on such 

tasks, resulting in elevated ERN amplitude (Hypothesis 1); this heightened error 

monitoring may, in turn, contribute to behavioral adjustment to improve performance 

(i.e., post-error slowing and post-error accuracy; Hypothesis 2). Furthermore, prior 

research demonstrates that engaging in distal defense after MS eliminates the effect of 

MS to heighten death thought accessibility (e.g., Greenberg et al., 2001). Accordingly, 

improving self-esteem relevant performance through behavioral adjustment may reduce 

death thought accessibility that is otherwise high after MS (Hypothesis 3). 

Correct-Related Negativity (CRN). The CRN bears a latency and scalp 

topography comparable to the ERN, but is smaller in amplitude, is observed less 

consistently, and occurs on trials where a correct response is given (Vidal et al., 2000; 

Vidal, Burle, Bonnet, Grapperon, & Hasbroucq, 2003). The fact that the same negativity 

so often interpreted as an error detection signal occurs following correct responses is 

consistent with existing psychophysiological perspectives. Specifically, response-locked 

negative deflections in the event-related potential with an 80 ms (±20 ms) latency may 
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reflect ongoing theta-band activity that implements a general performance monitoring 

system, whether one’s performance is right or wrong (Cavanagh, Cohen, & Allen, 2009), 

and particularly may reflect thresholds for information needed to render a decision via 

motor responses (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Cavanagh et al., 

2009; Eichele et al., 2008). Accordingly, to the extent that MS motivates good 

performance on self-esteem relevant tasks, general performance monitoring indexed by 

CRN amplitudes may be heightened by subliminal death-related primes (Hypothesis 4). 

Testing this possibility will clarify whether MS only heightens vigilance against errors 

(ERN) or heightens performance monitoring more generally (both ERN and CRN). 

Error Positivity (Pe). The Pe is an ERP component that often occurs on error 

trials, but differs from the ERN in several respects. Compared to ERN, Pe has a later and 

less precise onset latency (peaking approximately 200-500ms post-response), has a more 

variable scalp distribution, is a positive deflection, and has different psychological 

significance (Overbeek et al., 2005). Research suggests that the Pe is not associated with 

error monitoring in the service of post-error behavioral adaptation, but instead reflects the 

extent to which mistakes are consciously recognized. Whereas the ERN occurs after both 

recognized and unrecognized errors (as determined by trial-by-trial subjective ratings), 

the Pe only occurs on trials on which the participant recognizes the error (Nieuwenhuis, 

Ridderinkhof, Blom, Band & Kok, 2001). Similarly, Kaiser and colleagues (Kaiser, 

Barker, Haenschel, Baldeweg, & Gruzelier, 1997) found that moderately-to-highly 

hypnotizable individuals demonstrated smaller Pe amplitudes when hypnotized 

(compared to a pre-hypnosis baseline) yet their ERN amplitudes were unaltered by 
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hypnosis. Accordingly, whereas ERN amplitudes likely reflect automatic error 

monitoring in the service of rapid-fire motor response adjustments, Pe amplitudes likely 

reflect the extent to which errors are consciously processed.1 

To the extent that MS increases motivation to do well on self-esteem relevant 

tasks, MS may increase the attention participants pay to their errors, leading to more 

conscious recognition of committed errors and thus higher Pe (Hypothesis 5). Testing 

this possibility may clarify whether MS-induced self-esteem striving is implemented 

through strictly conscious appraisals of task performance. Specifically, if MS heightens 

Pe but not ERN amplitude, this would suggest that MS only heightens reactivity to self-

esteem-relevant errors of which the individual is consciously aware. Yet if MS heightens 

both Pe amplitude and ERN amplitude (or, ERN amplitude but not Pe amplitude), this 

would suggest that regulatory mechanisms underlying MS-induced self-esteem striving 

are not exclusively conscious processes. 

Overview of the present research 

A single experiment was conducted to test the hypotheses outlined in the previous 

section. In the study, participants completed a rapid-response decision task known to 

elicit the neurophysiological signals of interest (Eriksen and Eriksen, 1974; see, e.g., 

                                                 
1 Consistent with this characterization and additional prior findings (e.g., Leuthold & Sommer, 1999), 
Overbeek and colleagues (2005) concluded that “the amplitude of the Pe, but not the Ne, covaries with the 
degree of awareness of the error” (p. 326). Yet Overbeek et al. (2005) also acknowledged that this “error-
awareness hypothesis” requires further investigation because “its direct relevance for some of the Pe results 
… is not immediately apparent” (p. 326). Furthermore, some evidence suggests that, for some individuals 
in some learning contexts, ERN amplitudes may be influenced by the salience of committed errors 
(Dikman & Allen, 2000). Accordingly, it is not known with certainty that the Pe indexes conscious 
awareness of error commission, whereas the ERN indexes unconscious error monitoring. However, the 
relatively early latency of the ERN and late latency of the Pe are consistent with the idea that the Pe entails 
more extensive processing and perhaps more awareness of error-relevant information than the ERN (e.g., 
Dikman & Allen, 2000; Falkenstein, Hohnsbein, & Hoormann, 1995; Ghering et al., 1993). 
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Cavanaugh & Allen, 2008; Cavanagh et al., 2009). Participants held strong self-esteem 

contingencies for their intelligence and potential career success, and were led to believe 

that the rapid-response task was diagnostic of those two attributes. Thus, following prior 

studies of self-esteem striving (e.g., Arndt et al., 2003; Greenberg et al., 1992; Kosloff & 

Greenberg, 2009; Routledge et al., 2004), the value of relevant self-esteem contingencies 

was both dispositionally high for participants and salient within the experimental 

situation. The experimenters were college-aged females and the sample consisted of 

college-aged males. Holding participant sex constant eliminated potential variability in 

ego-investment that might have occurred as a function of the match vs. mismatch 

between experimenter and participant sex. 

During the task, participants were randomly assigned to one of two conditions of 

a mortality salience manipulation, which was varied between-subjects and 

operationalized as trial-by-trial subliminal priming of the word death or, in the control 

condition, either the word pain or field (cf., Arndt et al., 1997a). The MS or control 

inductions thus occurred while participants were engaged in the rapid-response task. 

After performing the task, participants completed a check on the subliminality of 

the MS or control primes. Subsequently, participants completed a lexical decision task 

(LDT) designed to assess accessibility of death-related thought (Schimel et al., 2007). 

LDTs involve having individuals make quick judgments as to whether or not a string of 

letters forms a word. If an individual consistently makes quicker judgments regarding a 

specific word category, then it is reasonable to infer that the category construct is highly 

accessible for that person (see, e.g., Bargh & Chartrand, 2000; Fazio, Sanbonmatsu, 
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Powell, & Kardes, 1986; Markus, 1977). For exploratory purposes, at the conclusion of 

the experiment participants completed a packet of individual difference assessments. 
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Chapter 2 

 

THE EXPERIMENT  

Method 

Participants 

In Fall of 2009 and Spring of 2010, 91 male Introductory Psychology students at 

the University of Arizona participated in exchange for course credit. These individuals 

were recruited via email based on their responses to two three-item scales assessing self-

esteem contingencies for career success and intelligence, respectively, administered on a 

mass survey at the beginning of each semester. The items’ phrasing was modeled after 

items in the Contingencies of Self-Worth Scale (Crocker, Luhtanen, Cooper & Bouvrette, 

2003). All items were rated on 7-point Likert-type scales (1 = strongly disagree; 4 = 

neutral; 7 = strongly agree).  

The career success contingency items read: “For me, feeling good about myself 

requires being on a successful career path”; “My sense of self-worth depends on how 

successful I am”; and “I will feel badly about myself if I don’t have a successful career 

after college.” The intelligence contingency items read: “My sense of self-worth depends 

on my ability to demonstrate intelligence”; “My sense of self-worth suffers greatly 

whenever I do not exhibit high levels of intelligence”; and “My sense of self-worth is 

unrelated to how I feel about my intelligence” (reverse scored).  

Among all males in the Introductory Psychology classes, the mean contingency 

for career success rating was 4.77 (SD = 1.34, α = .75) in Fall 2009 and 4.78 (SD = 1.31, 
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α = .73) in Spring 2010, and the mean contingency for intelligence rating was 4.12 (SD = 

1.28, α = .75) in Fall 2009 and 4.18 (SD = 1.31, α = .75) in Spring 2010. Ratings did not 

differ significantly across semesters. In the overall population of male Introductory 

Psychology students across both semesters who completed both scales (N = 986), the 

career success and intelligence contingency subscales correlated at r = .43, p < .001. 

Males were invited to participate if they showed mean ratings above 4.5 on both scales 

(i.e., slightly above the midpoints or higher). This sub-population (N = 301) represented 

30.53% of males across the two semesters. 

Individuals who signed-up in response to the recruitment email were directed to 

complete an online self-report prescreen for factors that could influence brain activity 

(e.g., prior head injury, current psychoactive medication use). Based on responses, 10 

individuals were deemed unfit to participate and their sign-ups cancelled (9.91% of 

individuals seeking participation). Additionally, 6 participants’ data were excluded due to 

noise in EEG recording (see Electrophysiological data preparation for details); 9 

additional participants were excluded due to committing < 15 errors on the Flankers task 

and not showing discernable ERN (as determined by direct visual inspection of their 

ERPs); 2 participants were excluded due to inattentive responding on the Flankers task; 

and 1 due to seeing the subliminal prime. This yielded a sample of 73 participants (age: 

M = 19.15, SD = 2.05, min/max = 18/32), with a mean self-esteem contingency for career 

success of 5.63 (SD = 0.73, α = .75) and a mean self-esteem contingency for intelligence 

of 5.40 (SD = 0.61, α = .72). Figure 1 displays these participants’ distribution of scores  
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Figure 1.  Population and sample frequency distributions of composite scores on the 
career success (top) and intelligence (bottom) self-esteem (SE) contingency prescreen 
measures. 
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on both contingency scales relative to the overall male Introductory Psychology 

populations’ distributions. 

Design 

Participants were randomly assigned to conditions in a single-factor between-

subjects design (Mortality Salience: death vs. control). All experimenters remained blind 

to conditions through the duration of the study. 

Materials and Procedure  

Participants were run individually in two-hour sessions by one of three female 

experimenters. Upon arrival at the laboratory, participants were escorted to a cubicle, 

where the experimenter verbally delivered a cover story. The experimenter explained that 

the study concerns how the brain processes information while people perform different 

kinds of intelligence tests, noting then that: 

“…today we’re interested in a recently developed test of intelligence that 
examines responses to visual stimuli as they appear in different contexts, 
particularly letters in the context of other letters. It’s a rather straightforward task 
but has proven a surprisingly strong predictor of intelligence, with better 
performance on the task predicting better scholastic performance and even 
likelihood of developing career success after college. New studies even show that 
this measure is a better predictor of career success than traditional intelligence and 
achievement tests, so to understand why that is we’re looking at what sort of brain 
processes underlie doing well at it.”  
 

Accordingly, participants were led to believe that they would perform a task assessing 

potential success in domains relevant to their self-esteem. 

Participants then read and signed an informed consent form (none declined to 

participate or ceased participation) and were escorted to a sound-dampened chamber, 

equipped with a computer, wherein all study tasks and materials were completed. Table 1 
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indicates the succession of tasks participants completed. In sequence, participants were 

prepared for electrophysiological recording, performed an Eriksen Flankers task (Eriksen 

and Eriksen, 1974) with trial-by-trial subliminal priming of the manipulated stimulus, 

completed a subliminality check, performed a lexical decision task assessing death 

thought accessibility (Schimel et al., 2007), and, for exploratory purposes, completed a 

packet of individual difference assessments.  

 

      

Procedure/Task ORDER

Electrophysiological hook-up 1st

Flankers with subliminal priming 
manipulation

2nd

Subliminality check 3rd

Lexical decision death thought 
accessibility assessment

4th

Exploratory individual difference 
assessments

5th

 

Table 1.  Sequence of tasks within the present experiment. 
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Electrophysiological recording. Recording sites on the face, mastoids and collars 

were cleaned with an alcohol swab and lightly abraded. Bipolar leads were placed to 

record electrocardiogram (ECG) from the left and right clavicle, and vertical 

electrooculogram (VEOG) from above and below the left eye.2 A 64-channel stretch-

lycra Ag-AgCl electrode cap (Electrode Arrays) was then applied, and recordings were 

obtained from 49 channels (FPz, Fz, FCz, Cz, CPz, Pz, Oz, Fp1/2, AF3/4, F1/2, F3/4, 

F5/6, F7/8, FC1/2, FC3/4, FT7/8, C1/2, C3/4, T7/8, CP1/2, CP3/4, TP7/8, P1/2, P3/4, 

P7/8, PO3/4, O1/2, and M1/2). All sites were grounded anterior to Fz and referenced 

online posterior to Cz.  All impedances were less than 10K ohms.  Data were bandpass 

filtered from .05 to 100 Hz, sampled at 500 Hz, and then amplified 566106 times using a 

Neuroscan Synamps2 amplifier (Compumedics). All data were stored with responses and 

stimulus codes directly on a laboratory server. Prior investigation suggests that EEG 

setup procedures such as this do not act as a “hidden stressor” that conditions 

psychophysiological outcomes (Cavanaugh & Allen, 2008). Furthermore, care was taken 

during the setup of all participants to keep the procedure standardized and experiential 

(cf., Simon et al., 1997), primarily by limiting conversation during the hook-up to routine 

chit-chat without significant personal disclosures or too much technical jargon. 

Flankers task and priming manipulation. Following hook-up, participants 

completed a modified Eriksen Flankers task (hereafter referred to as the “Flankers” task; 

Eriksen and Eriksen, 1974; Eriksen and Schultz, 1979), which has been described in 

                                                 
2 ECG was not central in testing the present hypotheses and so will not be mentioned further. VEOG 
signals were not consistently high quality across subjects due to experimenter or recording errors, but as 
discussed later, independent components analysis (Jung et al., 2000; Vigario, 1997) was utilized in 
removing eyeblink artifact. 
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detail in previous reports (Cavanagh and Allen, 2008; Gründler, Cavanagh, Figueroa, 

Frank, and Allen, 2009). On each of the 400 trials in this speeded response task, a string 

of letters was presented and participants were required to press one of two hand-held 

response buttons with their thumbs in order to identify the center letter, which was either 

congruent (e.g., MMMMM or NNNNN) or incongruent (e.g., NNMNN or MMNMM) 

with the surrounding letters (the “flankers”). There were 10 blocks in total (40 trials in 

each), with congruent vs. incongruent trials presented in truly randomized sequence 

within block. The target-hand mappings were reversed between consecutive blocks to 

increase response conflict (e.g., on block #1, participants pressed the left button for an N 

and the right button for an M; on block #2, this mapping for N’s and M’s was reversed). 

Blocks presented either M’s and N’s, F’s and E’s, O’s and Q’s, U’s and V’s, or T’s and 

I’s. Participants first completed 20 practice trials with K’s and R’s. 

Mortality salience was manipulated between-subjects via random assignment to 

one of three subliminal priming conditions. On each trial in the Flankers task, prior to the 

flankers’ appearance, one half of participants was subliminally primed with the word 

DEATH, one quarter with the word PAIN, and one quarter with the word FIELD (primes 

were masked and presented for 33ms; Table 2 indicates the sequence and timing of 

events within a trial). Accordingly, including the practice trials, participants received 420 

subliminal primes. 

Because the word field is matched in length and frequency to the word death 

(Balota et al., 2007; Kucera & Francis, 1967), the FIELD primes condition served to 
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Table 2.  Illustrates timing and sequence of stimuli presented in a trial on the Eriksen’s 
Flankers task. Failure to respond within the response window resulted in 500ms display 
of the phrase “TOO SLOW.” This 500ms period was omitted if a response was given 
within the response window. 
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control for the cognitive load potentially generated from repeated lexical access (e.g., 

Monsell, 1991). The PAIN prime condition controlled for the presentation of an aversive 

term. The effect of subliminal death-related primes to elicit symbolic terror management 

defenses has previously been demonstrated relative to control conditions presenting 

subliminal field or subliminal pain primes (e.g., Arndt et al., 1997a). The present study 

was designed under the assumption that the FIELD and PAIN prime conditions would 

not differ from one another, and that these two conditions would be collapsed together 

and compared to the DEATH prime condition in 1 vs. 2 analyses. Accordingly, half of 

participants were run in the DEATH prime condition and the other half were run in one 

of the two control conditions.3  

Stimuli were presented on a 17-in. (45-cm.) Princeton color monitor (model 

EO90) controlled by a PC with an AMD Athlon 3000+ 64-bit processor (1 GB of RAM) 

and a RADEON 9200 SE Atlantis chipset (128 Mb of RAM), using DMASTR display 

software developed at Monash University and the University of Arizona by K. I. Forster 

and J. C. Forster (DMDX, Version 3.1.4.3). This program synchronizes display timing 

and uses normal Windows fonts. During the Flankers task, event codes were outputted to 

an acquisition computer recording ongoing EEG signals with Neuroscan Acquire 

software (Compumedics). On each trial, these event codes sequentially marked the 

occurrence of the prime, the target (i.e., center) letter, responses and response corrections, 

and occurrence of any non-responses.  

                                                 
3 Consistent with the assumptions underlying this methodology, the PAIN and FIELD prime conditions did 
not differ significantly on any dependent measure. See Appendix B for further details. 
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Subliminality check. Following the Flankers task, participants completed a four-

item check on the subliminality of the primes presented during the Flankers task. First, 

the participant was asked: “Aside from the X’s and letter strings (like MMNMM), did 

you see anything else appear on the screen during the word recognition task? Circle one: 

YES/NO”; and “If you answered ‘yes’ to the last question, what did you see? Write your 

answer on this line: _____________.” On the second page the items read: “Assuming that 

a word flashed on the screen during the trials, make a guess about what it was. Write your 

answer on this line: _____________”; and “On the following scale, indicate how 

confident you are that the word you just listed was presented during the task? Circle one 

number only.” Responses to this last item were provided on a 9-point Likert-type scale (1 

= not at all; 5 = somewhat; 9 = very much so). 

This subliminality check revealed that 27.4% of participants (n = 20) indicated 

that they saw something other than X’s and letter strings appear on the screen. Among 

this group, one participant reported seeing the word DEATH, and responded with a 9 on 

the last item assessing confidence in this perception. Data from that participant were 

excluded from all analyses. All other participants who reported seeing something other 

than “the X’s and letter strings (like MMNMM)” simply indicated seeing letters other 

than M and N. None correctly identified the prime, and their mean confidence rating 

when guessing what an additional presented word might be was low (M = 2.10, SD = 

1.94). Accordingly, with the exception of one participant, no retrospective conscious 

awareness of the primes occurred. 
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Lexical decision death thought accessibility assessment. Participants next 

completed a computerized lexical decision task (LDT) designed to assess the cognitive 

accessibility of death-related thoughts (Schimel et al., 2007). The LDT was introduced by 

the experimenter as “a cognitive task that we’re pilot testing today in preparation for a 

future research study.” The task entailed presenting participants with individual letter 

strings on a series of trials (one per trial), with some strings composing non-words (e.g., 

BORF) and other strings composing real words. Participants indicated, via button press, 

whether the string presented constituted a non-word (left button) or a word (right button), 

and their reaction times in doing so were recorded using DMDX (Table 3 displays the 

sequence and timing within a trial). It was inferred that the faster an individual identifies 

a word as being a word, the more cognitively accessible is the concept associated with 

that identified word (e.g., Bargh & Chartrand, 2000). 

Participants first completed 10 practice trials. Following this practice, participants 

completed 70 trials consisting of 40 nonwords, 18 neutral words (tea, chair, restaurant, 

water, cloak, tree, baseball, radio, quest, cat, desk, express, automobile, bottle, picture, 

magnet, wall, and doormat), 6 negative words (suffer, wrong, jerk, fight, fail, and 

punish), and 6 death-related words (buried, dead, grave, killed, skull, and coffin).  

Presenting participants with some death words, some negative words, and some 

neutral words during the LDT enabled assessment of whether any observed increases or 

decreases in accessibility levels were specific to death-related constructs or generalized to 

other negative or neutral terms. This method of assessing DTA was developed and 

validated by Schimel et al. (2007), and ensures that the death and negative words are  
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Table 3.  Illustrates timing and sequence of stimuli presented in a trial on the lexical 
decision assessment of death thought accessibility (Schimel et al., 2007). 

 

frequency matched on a word-to-word basis, and that the neutral words are matched with 

the negative and death words in terms of overall mean frequency (see Schimel et al., 

2007, pp. 795).   

Though previous work has demonstrated that MS increases death thought 

accessibility (e.g., Greenberg et al., 1994), the present methods differed somewhat from 

prior approaches. For instance, Arndt et al. (1997; Study 1) found that, after subliminally 

priming the word death 10 times, individuals were more likely to complete word 

fragments (e.g., COFF_ _) in death-related ways (i.e., COFFIN rather than COFFEE). By 

contrast, in the present study, participants in the MS condition received 420 death primes 

and DTA was assessed via lexical decision. It is possible that so many death primes could 

result in low rather than high DTA, due to semantic satiation – a phenomenon by which 

the repetition of a word results in its temporary loss of meaning (e.g., Jakobovits, 1962; 
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Messer, Jakobovits, Kanungo, & Lambert, 1964). Accordingly, a pilot study was 

conducted to determine whether or not the mortality salience induction used in the 

present study (i.e., 420 subliminal DEATH primes presented during a Flankers task) 

heightens DTA on Schimel et al.’s (2007) lexical decision task. Results of this pilot study 

confirmed that 420 DEATH primes heighten DTA rather than inducing semantic satiation 

to death-related terms (see Appendix A for detail description of the pilot study methods 

and results). 

Individual difference assessments. In the final phase of the main study, 

participants completed a packet containing a series of questionnaires. This began with a 

20-item version of the Positive and Negative Affect Schedule (PANAS; Watson, Clark, 

& Tellegen, 1988), included to assess any self-report affect/mood consequences of the 

MS induction. Consistent with prior research described in the Introduction (e.g., Arndt et 

al., 2001; Rosenblatt et al., 1989), MS was predicted to have no effects on PANAS 

subscale ratings.  

Following this, for exploratory purposes, participants were presented with three 

measures assessing personality factors related to self-regulation. Previous research shows 

that individuals who dispositionally lack psychological resources critical for effective 

terror management are particularly defensive in response to MS (e.g., low self-esteem, 

Harmon-Jones, Simon, Greenberg, Pyszczynski, Solomon, & McGregor, 1997; rigid 

worldview, Greenberg et al., 1990; neurotics, Goldenberg, Pyszczynski, McCoy, 

Greenberg, & Solomon, 1999; mild depressed, Simon, Arndt, Greenberg, Solomon, & 

Pyszczynski, 1998; insecurely attached, Mikulincer & Florian, 2000). Accordingly, 
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individual difference in self-regulation were measured in the present study to see if 

people with more dysfunctional or vigilant self-regulatory tendencies (i.e., more 

perseverating or avoidant) are particularly reactive to potentially self-esteem threatening 

error commissions following MS. 

First, participants completed the preoccupation subscale of the Action-State 

Orientation Scale (ASOS-P; Diefendorff, Hall, Lord, & Strean, 2000), which measures 

individual differences in readiness to overcome interferences in the pursuit of goals 

(“action orientation”) vs. to perseverate on failure and hesitate in goal pursuit (“state 

orientation”). ASOS-P responses are provided dichotomously on 12 items (e.g., “When I 

have lost something that is very valuable to me and I can't find it anywhere: (A) I have a 

hard time concentrating on something else; (B) I put it out of my mind after a little 

while”).  

Second, participants completed the General Regulatory Focus Measure 

(Lockwood, Jordan, & Kunda, 2002), which assesses chronic regulatory focus, an 

individual difference in motivational orientation which distinguishes appetitive 

(“promotion”) and withdrawal (“prevention”) motivational foci. This consisted of 18 

items assessing promotion strength (e.g., “I often think about the person I would ideally 

like to be in the future”; “Overall, I am more oriented toward achieving success than 

preventing failure”) and prevention strength (e.g., “I am anxious that I will fall short of 

my responsibilities and obligations”; “I frequently think about how I can prevent failures 

in my life”). Responses were provided on 9-point Likert-type scales (1 = not at all true of 

me; 9 = very true of me).  
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Finally, participants completed the Behavioral Inhibition and Behavioral 

Activation scales (Carver & White, 1994). It has been argued that a behavioral approach 

system (BAS) regulates appetitive motives, in which the goal is to move toward 

something desired; by contrast, a behavioral avoidance (or inhibition) system (BIS) is 

said to regulate aversive motives, in which the goal is to move away from something 

unpleasant. The 20-item scale administered included items assessing levels of BAS (e.g., 

“When I get something I want, I feel excited and energized”; “When I want something I 

usually go all out to get it”) and levels of BIS (e.g., “Criticism or scolding hurts me quite 

a bit”; “If I think something unpleasant is going to happen I usually get pretty ‘worked 

up’”). Responses were provided on 4-point Likert-type scales (1 = very true of me; 2 = 

somewhat true for me; 3 = somewhat false for me; 4 = very false for me). 

Upon completion of the questionnaire packet, participants placed their anonymous 

completed packet in an unmarked envelope.  

Debriefing. To conclude the experiment, participants were thoroughly probed for 

suspicion, debriefed, thanked and assigned credit for their participation. A few 

participants reported wondering how the Flankers task could assess intelligence, but only 

did so fleetingly, trusted the cover story, and did not derive alternative accounts of the 

study’s intent during the experimental session. The majority of participants expressed no 

suspicion about any materials and was thoroughly convinced of the cover story’s 

veracity. Accordingly, the cover story appeared highly credible and no data were lost due 

to participant suspicion. 
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Electrophysiological data preparation. All continuous EEG data were first 

visually inspected and marked for artifacts including EMG bursts, signal drift, steps, and 

spikes. Time segments with these features were excluded from analysis. If individual 

channels had excessive artifact, rather than losing excessive trials, these channels were 

interpolated from nearest neighboring sites (which occurred in 104 of a possible 3577 

sites across all participants). All channels were then re-referenced to computer averaged 

(“linked”) mastoids. Data from 6 participants contained too much severely drifting signal 

and electromyographic noise to be preserved, and were thus excluded.  

Eyeblinks constitute a major source of artifact in EEG recordings; to eliminate 

eyeblink artifact, baseline corrected response-locked epochs (from -200 pre-response to 

1000 ms post-response) were created and then subjected to independent component 

analysis (ICA). This approach is based on the assumption that blink artifact is represented 

by a limited number of independent components (ICs), which, once identified, can be 

selectively removed during inverse ICA transformation (Jung et al., 2000; Vigario, 1997). 

After removing eyeblink ICs, epochs were filtered with a low pass 15 Hz finite impulse 

response filter and then averaged separately for correct and incorrect responses at each 

channel for each subject. 

Signals of interest were then derived from the average signals. The ERN was 

measured as the peak negativity at FCz from 0 to 120 ms post-response minus the prior 

post-response positivity on error trials. The CRN was measured as the peak negativity at 

FCz from 0 to 120 ms post-response minus the prior post-response positivity on correct 

trials. The Pe was measured as the maximum positivity at Cz from 200 to 500 ms post-
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response on error trials. Data were retained if the participant yielded EEG data (i.e., 

viable epochs) for at least 15 erroneous responses, resulting in the exclusion of data from 

9 participants. As noted previously, this resulted in a final sample of 73 participants. 

 Results 

Analysis of the ERN and the CRN. To test for effects of mortality salience on ERN 

and CRN amplitudes, a three-way mixed ANOVA (MS: death vs. control4 × Response 

Accuracy: error vs. correct × Site: Fz vs. FCz vs. Cz) was conducted, with Response 

Accuracy and Site as within-subjects factors. The Site variable was included to determine 

whether any observed effects would hold consistently across key mid-line sites at which 

the ERN and CRN are typically most pronounced (Fz, FCz and Cz). This analysis yielded 

a main effect of Response Accuracy, F(1, 142) = 113.15, p < .001, such that voltage 

negativities within the ERN/CRN time window were more negative on error trials than 

on correct trials; a main effect of Site, F(2, 142) = 19.56, p < .001, such that voltage 

negativities within the ERN/CRN time window were more negative at FCz than at other 

sites; and a marginal main effect of MS, F(1, 142) = 3.56, p = .07, such that voltage 

negativities within the ERN/CRN time window were marginally more negative in the 

death condition than in the control condition. These effects were qualified by a significant 

MS × Response Accuracy interaction, F(1, 71) = 4.75, p < .05. The three-way interaction 

was not significant, suggesting that the MS × Response Type interaction pattern held 

consistently across mid-line sites of interest. 

                                                 
4 As noted previously, the control condition consisted of the pooled results from participants assigned to 
receive subliminal pain primes or subliminal field primes. Supplementary analyses confirmed the 
assumption that results did not vary as a function of type of control prime received. See Appendix B for 
further details. 
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Pairwise comparisons were conducted to decompose the two-way interaction. 

These revealed that voltage negativities on correct trials did not differ between mortality 

salient and control participants, F(1,71) = 0.51, p = .48ns; but on error trials, mortality 

salient participants showed stronger voltage negativities than control participants, F(1,71) 

= 4.60, p < .05. Figure 2 displays this interaction pattern, and Figure 3 displays the 

response-locked ERPs at FCz. An analogous mixed ANOVA on ERN/CRN latency 

revealed no significant effects of the MS manipulation on the latency of these 

components. 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 2. ERN voltage minimum minus the preceding post-response voltage positivity as 
a function of MS and response type. An * denotes that a comparison is significantly 
different (p < .05). Error bars represent ± 1 SE. 
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Figure 3. Average ERP waveforms at site FCz among control participants (top panel) and 
mortality salient participants (bottom panel). Waveforms are time-locked to response (0 
milliseconds) and averaged across correct response and error response trials, respectively. 
Head maps are displayed for voltage minima within 0-120 milliseconds (the CRN and 
ERN latency window). Cooler colors reflect more negative voltage deflections and hotter 
colors reflect more positive voltage deflections. 
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Figure 4. Average ERP waveforms at site Cz among control participants (top panel) and 
mortality salient participants (bottom panel). Waveforms are time-locked to response (0 
milliseconds) and averaged across correct response and error response trials, respectively. 
Head maps are displayed for voltage maxima within 200-500 milliseconds (the Pe latency 
window). Cooler colors reflect more negative voltage deflections and hotter colors reflect 
more positive voltage deflections. 
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Analysis of the Pe. To test for effects of mortality salience on Pe amplitudes, a 

three-way mixed ANOVA (MS: death vs. control × Response Accuracy: error vs. correct 

× Site: Cz vs. CPz vs. Pz) was conducted, with Response Accuracy and Site as within-

subjects factors. As in the previous analysis, the Site variable was included to determine 

whether any observed effects would hold consistently across key mid-line sites at which 

the Pe is typically most pronounced (Cz, CPz and Pz). This analysis yielded a main effect 

of Response Accuracy, F(1, 142) = 66.22, p < .001, such that voltage positivites within 

the Pe time window were more positive on error trials than on correct trials; and a main 

effect of Site, F(2, 142) = 12.99, p < .001, such that voltage positivities within the Pe 

time window were more positive at Cz than at other sites. No effects of MS were 

observed. An analogous mixed ANOVA on Pe latency revealed no significant effects of 

the MS manipulation. Figure 4 displays the response-locked ERPs at Cz. 

Analysis of performance adaptations.  For each subject, a measure of post-error 

slowing was computed by subtracting post-correct RTs from post-error RTs, such that 

higher scores reflected relatively slower (and thus more cautious) responses following an 

error response vs. following a correct response. Total accuracy, post-error accuracy, and 

post-correct accuracy were also computed to examine task efficacy and error-related 

behavioral changes. Total accuracy was calculated as the percentage of correct responses 

from among all responses given. Post-error accuracy was calculated as the percentage of 

correct post-error responses from among all post-error responses. Post-correct accuracy 

was calculated as the percentage of correct post-correct responses from among all post- 

correct responses. Correlations among these indices are displayed in Table 4. 
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Behavioral Index 1 2 3 4 
 
Study 1 

    

1. Post-error slowing --    
2. Total accuracy      .33** --   
3. Post-error accuracy    .29* .61***      --  
4. Post-correct accuracy    .27* .97***      .41*** -- 
 
  

Table 4. Correlations among indices of behavioral compensation [*p < .05, **p < .01, 
***  p < .001]. 
 

To examine whether MS influenced behavioral compensations aimed specifically 

at avoiding errors, separate one-way ANOVAs (MS: death vs. pain) were conducted on 

each of the behavioral compensation measures (results are depicted in Figure 5). MS 

marginally increased post-error slowing, F(1, 71) = 3.27, p = .07, and MS significantly 

increased post-error accuracy, F(1, 71) = 9.37, p < .005. Consistent with the idea that MS 

only influenced error-related behavioral compensations, no effects of MS were observed 

on participants’ total accuracy or post-correct accuracy. Notably, MS did not influence 

the total number of errors participants made (p =.20ns). In sum, results indicated that MS 

intensified behavioral efforts to avoid errors on a self-esteem relevant task. 

It was next assessed whether behavioral compensations caused by MS could be 

mediated by MS-induced elevations in neural conflict monitoring. Specifically, the 

following analyses examined whether the neural systems that give rise to the ERN 

(localized in the dorsal ACC and its efferents to the dorsolateral prefrontal cortex; 

Cavanagh et al., 2009; Ridderinkhof et al., 2004) potentially explain the effects of MS on  
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Figure 5. Indices of behavioral compensation as a function of MS (top left = post-error 
slowing; bottom left = post-error accuracy; top right = total accuracy; bottom right = 
post-correct accuracy). An * denotes that a comparison is significantly different (p < .05). 
Error bars represent ± 1 SE. 
 

post-error slowing and post-error accuracy, respectively. To do so, ERN was utilized as 

an index of activity in this system, and so occupied the place of the potentially mediating 

variable (results of the following analyses are depicted in Figure 6).  

First, following procedures outlined by Baron & Kenny (1986), a series of 

simultaneous regression analyses examined whether the marginal effect of MS to 

heighten post-error slowing was potentially mediated by neural conflict monitoring 

systems indexed by ERN amplitude at site FCz. MS (dummy coded with control = 0 and 

death = 1) significantly predicted ERN amplitude, β = -.24, t(72) = -2.08, p = .04, and MS  
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Figure 6. Mediation models assessing the role of neural conflict monitoring (i.e., ERN 
amplitude at site FCz) in the process by which MS influenced behavioral compensations. 
Two models depict mediation analysis results on post-error slowing (top) and post-error 
accuracy (bottom), respectively [†p < .10, *p < .05, **p < .01, *** p < .001]. 
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marginally predicted post-error slowing, β = .21, t(72) = 1.81, p = .07. When 

simultaneously regressing post- error slowing on MS and ERN amplitude, ERN 

amplitude was a marginal predictor, β = -.22, t(72) = -1.83, p = .07, whereas MS was no 

longer a marginal predictor, β = .16, t(72) = 1.34, p = .18ns. A bootstrapping analysis 

(Preacher & Hayes, 2004) was used to test the indirect effect of MS to marginally 

increase post-error slowing via increases in ERN amplitude (5,000 iterations). This 

analysis revealed a bias-corrected and accelerated 95% confidence interval of .017 - 

11.106. The confidence interval of the indirect effect did not contain zero, indicating that 

the pattern of findings is consistent with mediation. This suggests that activity in a neural 

conflict monitoring system (indexed by ERN amplitude) may have mediated the marginal 

effect of MS on post-error slowing. 

 Analogous tests were then conducted with post-error accuracy as the dependent 

variable. MS significantly predicted ERN amplitude, β = -.24, t(72) = -2.08, p = .04, and 

MS significantly predicted post-error accuracy, β = .34, t(72) = 3.06, p = .003. When 

simultaneously regressing post-error accuracy on MS and ERN amplitude, ERN 

amplitude was a significant predictor, β = -.41, t(72) = -3.90, p < .001, and the significant 

predictive effect of MS was notably weakened, β = .24, t(72) = 2.32, p = .02. 

Bootstrapping analysis then tested the indirect effect of MS to increase post-error 

accuracy via increases in ERN amplitude. This yielded a 95% confidence interval of .363 

- 6.057, though as noted, MS remained a significant predictor of post-error accuracy 

when accounting for variance in ERN amplitude. Taken together, these results indicate 



 

 

57 

that activity in a neural conflict monitoring system (indexed by ERN amplitude) may 

have mediated the significant effect of MS on post-error accuracy. 

Death thought accessibility. LDT data were reduced as follows. Following 

standard procedure for treatment of reaction times (RTs; e.g., Arndt et al., 2002; Bargh & 

Chartrand, 2000; Kirk, 1982; Kosloff et al., in press; Winer, 1971), error responses and 

RTs above 1500ms and below 300ms were dropped. On average, individuals made errors 

in identifying 1.56 words (SD = 1.61); among all participants, a total of 9 RTs were 

above 1500ms or below 300ms. All RTs were log transformed to reduce skew, and then 

averaged into composites for death words (α = .74), negative words (α = .76) and neutral 

words (α = .76), respectively. Results of a mixed ANOVA revealed a significant MS ×  

Word Type interaction, F(2, 140) = 20.30, p < .001. Pairwise comparisons significant at p 

< .05 are denoted via subscript in Table 5 (which reports average raw RTs, though all  

 
 

Prime condition

M SD n M SD n M SD n

   Death 515.00b 92.17 36 582.32a 96.16 36 577.24a 69.67 36

Control 584.03a 91.16 36 594.14a 76.1 36 598.04a 73.6 36

              Word Type

Death Negative Neutral

 
 
Table 5.  Results of the lexical decision task. Mean response latencies are shown for the 
MS × Word Type Interaction. Means that do not share a subscript differ at p < .05. Lower 
mean values represent faster reaction times (in milliseconds). 
 
 



 

 

58 

analyses were conducted on average log transformed values). Results showed that, as 

predicted, MS resulted in significantly quickened RTs to death words (i.e., heightened 

death thought accessibility) but not to negative and neutral words. 

Next examined was the possibility that engaging in more efficient behaviors on 

the self-esteem relevant Flankers task would function to reduce death thought 

accessibility provoked by MS. To assess this possibility, within the MS and control 

conditions, significance tests were performed on correlations between indices of error-

related behavioral compensation and RTs to death-related terms on the LDT task. This 

within-cell correlation strategy was deemed a more suitable approach than running 

mediation analyses testing the path from MS to DTA via behavioral compensations, 

because, in the control condition (which did not directly heighten death-related concerns) 

RTs to death-related terms (i.e., death thought accessibility) would be of limited 

theoretical meaning and likely show restricted variability in relation to the mediator. As 

Spencer, Zanna & Fong (2005) have noted, when a relationship between a proposed 

mediator and outcome variable is not expected in a control condition, mediation analysis 

may be inappropriate relative to methods such as within-cell correlation.  

 It is well-established that individuals show heightened DTA after MS (e.g., 

Greenberg et al., 1994) and that engaging in symbolic terror management defenses after 

MS reduces MS-induced DTA (e.g., Arndt et al., 1997a; Greenberg et al., 2001). 

Directionality was thus clearly specified a priori in testing the correlation between self-

esteem relevant behaviors and DTA following MS, justifying the use of one-tailed tests. 

Employing this approach, within the control condition, neither post-error slowing (r = 
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.06, p = .36) nor post-error accuracy (r = -.16, p = .18) related to participants’ RTs in 

identifying death-related terms. Within the MS condition, post-error slowing related 

nonsignificantly though positively to RTs to death related terms (r = .12, p = .25), and 

post-error accuracy related significantly and positively (r = .32, p = .03) to RTs to death-

related terms. Greater post-error accuracy thus covaried with lower death thought 

accessibility in the MS condition. A Fisher’s Z test comparing the correlations between 

post-error accuracy and RTs to death-related terms in the MS condition vs. control 

condition was significant (Z = 2.00, p = .02), indicating that the relationship between 

error-related behavioral compensation and DTA was stronger in the death condition. A 

Fisher’s Z test comparing correlations between post-error slowing and RTs to death-

related terms in the MS condition vs. control condition was not significant (Z = 0.25, p = 

.40). Taken together, these results suggest that accurate performance on a self-esteem 

relevant task functioned to reduce DTA that was otherwise high following MS. 

Affective outcomes and individual difference moderators. To assess the possibility 

that MS may have influenced self-reported mood/affect, separate one-way ANOVAs 

were conducted on the positive affect (α = .86) and negative affect (α = .69) subscales of 

the PANAS. Consistent with prior evidence that MS does not influence direct measures 

of affect (e.g., Arndt et al., 2001; Rosenblatt et al., 1989), ratings on the PANAS 

subscales did not differ as a function of the MS manipulation. 

Additionally, MS did not influence ratings of the individual differences 

administered at the end of the study, thus permitting exploratory assessment of the 

potential moderating role of preoccupation-related action-state orientation, promotion and 
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prevention regulatory focus, and behavioral inhibition and behavioral activation. 

Composites created from all individual difference subscales were fairly-to-moderately 

reliable (α’s ranged from .61 to .83). To assess potential moderation of the effect of MS 

on the signals of interest, for each individual difference measure, hierarchical linear 

regressions assessed MS ×  Individual Difference interactions on ERN and CRN minima 

at FCz and Pe maxima at Cz. Though the MS main effect on ERN levels remained robust 

across analyses, no analysis yielded a significant two-way interaction. Accordingly, the 

effect of MS on ERP components was not moderated by the individual differences 

assessed in this study.   
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Chapter 3 

 

DISCUSSION 

In present study, mortality salience heightened neurobiological reactivity to error 

commission as participants performed a self-esteem relevant task. Relative to control 

participants who were subliminally primed with non-death-related words, participants 

primed with the word death exhibited larger ERN amplitudes (i.e., greater conflict 

monitoring). Furthermore, compared to control participants, mortality salient individuals 

showed marginally greater post-error slowing and significantly greater post-error 

accuracy, effects which were consistent with the possibility of mediation by the systems 

giving rise to MS-induced increases in ERN amplitude. Larger ERN amplitude due to MS 

thus precipitated increases in behavioral efforts to reduce poor task performance. Finally, 

MS caused higher levels of death thought accessibility; yet post-error accuracy after MS 

related to lower death thought accessibility, suggesting that behavioral improvements on 

a self-esteem relevant task contributed to reductions in unconscious death-related 

concerns.  

Taken together, the present findings provide initial evidence of specific regulatory 

processes underlying the well-documented effect of MS to instigate self-esteem striving 

(e.g., Arndt et al., 2003; Kosloff & Greenberg, 2009; Peters et al., 2005; Routledge et al., 

2004; Taubman Ben-Ari et al., 1999). It appears that, as MS motivates efforts to get self-

esteem, individuals exhibit enhanced sensitivity to error commission, which in turn 

facilitates compensatory behavioral efforts to satisfy performance goals. Such behavioral 
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changes function to partially reduce unconscious death-related concerns that are 

otherwise heightened following MS. Notably, MS heightened ERN amplitude but did not 

influence CRN amplitude, suggesting that self-esteem relevant performance monitoring 

and adjustment after MS entails avoiding erroneous performance rather than increasing 

vigilance in the service of general performance monitoring. Additionally, MS did not 

increase Pe amplitude, suggesting that MS does not elevate conscious attention to error 

commission; rather, self-esteem relevant performance monitoring after MS manifested as 

automatic detection and avoidance of failures. In light of prior research showing that Pe 

(but not ERN) is related to autonomic affective reactivity to errors (Hajcak, McDonald, & 

Simons, 2003), this null effect of MS on Pe amplitude converges with prior 

demonstrations that MS does not directly influence affect (Greenberg et al., 2008). 

The role of avoidance in distal defense 

The prospect that MS instigates self-esteem striving in the service of avoiding 

negative outcomes is broadly consistent with Rosenbaum’s (1993) suggestion that self-

control behaviors facilitate goal attainment via anxiety avoidance. Furthermore, this 

finding converges with Kosloff et al.’s (2010) observation that MS heightened relative 

right prefrontal EEG asymmetry, a neurobiological marker of avoidance motivation. The 

present findings also suggest the possibility that avoidance-oriented regulatory processes 

underlay prior instances of MS-induced self-esteem striving. For instance, when Peters et 

al. (2005) found that MS increased hand dynamometer output among persons with strong 

self-esteem contingencies for strength training ability, it is possible that participants 

exhibited this effect due to unconscious concerns with avoiding the appearance of 
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weakness rather than with approaching the appearance of strength. When Taubman--Ben-

Ari et al. (1999) found that MS increased showy driving on a driving simulator among 

Israeli soldiers with strong self-esteem contingencies for driving ability, participants may 

have been concerned with avoiding appearing unskilled rather than with approaching an 

appearance of superlative driving skill. When Goldenberg et al. (2005) found that MS 

motivated women’s restricted eating, this effect may have been mediated by participants’ 

perceived high discrepancy from norms of female thinness rather than decrements in 

perceived congruency with that ideal. Similarly, when Kosloff & Greenberg (2009) found 

that MS heightened reported investment in personally prioritized extrinsic goals, this may 

have reflected increased concern with not looking rich or wealthy enough relative to 

cultural standards rather than with attaining some unspecified ceiling of wealth and fame. 

 Of course, results of this single study do not unequivocally reveal the processes 

underlying previous work. Moreover, other research has shown that MS sometimes 

motivates self-expansive or approach-oriented behavior. For instance, reminders of death 

have been shown to increase positivity toward one’s ingroup (e.g., Greenberg et al., 

1994), prosocial behavior (e.g., Jonas, Schimel, Greenberg, & Pyszczynski, 2002), 

exploratory behavior following creative action (e.g., Routledge & Arndt, 2009), tolerance 

(Greenberg et al., 1992), reverence of charismatic leaders (e.g., Kosloff, Greenberg, 

Weise, & Solomon, 2010), risky opportunism among high self-esteem individuals 

(Landau & Greenberg, 2006), and marginal tendencies to enhance physical sensation 

among individuals low in neuroticism (Goldenberg, Kosloff, & Greenberg, 2006). Yet 

most mortality salience effects appear to reflect a prepotent concern with avoiding 
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anxiety (e.g., Greenberg et al., 2003; Greenberg et al., 2008; Kosloff, Allen & Greenberg, 

2010), and it has been argued that distal terror management serves to bolster 

psychological structures that ultimately serve self-defensive rather than self-expansive 

functions (e.g., Greenberg, Pyszczynski, & Solomon, 1995; Pyszczynski, Greenberg, & 

Goldenberg, 2003). 

Furthermore, it is possible that apparently appetitive behaviors are pursued by 

means that entail avoidant concern with not obtaining a desired end. According to 

regulatory focus theory (Higgins, 1997), a promotion motivational orientation toward 

goal pursuit entails concern with both ensuring gains (e.g., “I approach being good!”) and 

ensuring against non-gains (e.g., “I avoid missing out on being good!”). Conversely, a 

prevention motivational orientation entails concern with both non-losses (e.g., “I 

approach not being bad!”) and ensuring against losses (e.g., “I avoid being bad!”). 

Accordingly, perhaps the present study accurately reflects a trend toward avoidance 

underlying MS-induced distal defense, and in some prior research this has manifested as 

loss avoidance (e.g., not failing to defend against a threat to one’s ingroup) while in other 

work this manifested as avoidance of non-gains (e.g., not missing a chance to bolster 

one’s ingroup). Of course, this is speculative at this point. The present study does not 

provide a critical test of this possibility and the results do not provide definitive evidence 

regarding whether MS activates a prevention focus, a promotion focus, or both. Future 

studies should thus examine whether MS-induced distal defenses are enhanced by 

framing a task in terms of avoidance aims (i.e., losses or non-gains) rather than in terms 

of approach aims (i.e., non-losses or gains). 
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Implications for the neurobiological implementation of terror management 

 The present study contributes to inquiry into the neural foundations of terror 

management, and may offer insight into the specific brain regions that implement 

pursuits of value and meaning following MS. Firstly, as noted in the Introduction, the 

likely neural generator of the ERN is the dorsal ACC (e.g., Dehaene et al., 1994; 

Ridderinkhof et al., 2004). The present findings thus strongly suggest that MS heightens 

dorsal ACC activity following self-esteem relevant error commissions. Furthermore, the 

behavioral outcomes promoted by the error monitoring system of which the dorsal ACC 

is a part are likely facilitated by prefrontal cortical regions responsible for controlled 

action (e.g., Goldberg, 1985; Goldman-Rakic, 1987; Shallice, 1988; Stuss & Benson, 

1986). Included among these regions is the dorsolateral prefrontal cortex (DLPFC; 

Cavanagh et al., 2009; Ridderinkhof et al., 2004), a frontal brain area crucial to the 

implementation of humans’ most complex motor planning and regulatory behaviors. 

Accordingly, the observation that MS-induced post-error behavioral adaptations 

were predicted by ERN amplitudes likely reflects a causal pathway by which MS 

heightened ERN, heightened ERN then signaled for the recruitment of cognitive control 

from the DLPFC, and then the DLPFC facilitated behavioral adjustments. In this sense, 

the present findings implicate the operation of higher-order, executive prefrontal cortical 

regions in the process by which death reminders promote self-esteem striving behaviors. 

This converges with Kosloff et al.’s (2010) demonstration that MS triggered prefrontal 

hemispheric activity shifts to relative right prefrontal activity, which then predicted 

autonomic vigilance against worldview-threatening stimuli.  
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Death reminders may thus contribute to symbolic defensive outcomes via neural 

circuitry in prefrontal regions, a prospect which could buttress TMT’s evolutionary 

account (e.g., Solomon, Greenberg, Schimel, Arndt, & Pyszczynski, 2004). According to 

this account, cognitive capacities for symbolic representation afforded early hominids a 

great deal of flexibility in construing time and the self, leading to consciousness of the 

self’s inevitable termination in mortality. The same symbolic capacities then enabled 

early hominids to construct and maintain faith in cultural worldviews and a sense of self-

esteem. This suggests that terror management is a late-evolved, uniquely human and 

symbolic psychological adaptation. Analogously, prefrontal areas that may have been 

active in this and Kosloff et al.’s (2010) study are among the most recent brain areas to 

evolve, are uniquely encephelated in human beings, and are implicated in symbolic 

representational processing (see e.g., Deacon, 1997).  

Of course, due to the inverse problem, it is not possible to say with certainty that 

topical EEG recordings map precisely onto neural generators. Furthermore, though 

prefrontal activity was the primary focus in Kosloff et al.’s (2010) study, it was not 

directly assessed in the present study. Whether the effect of MS to heighten ACC activity 

precipitates prefrontal activations remains an interesting topic for future studies, though 

prior research strongly supports the idea that dorsal ACC activity indexed by ERN 

contributes to cognitive control and behavioral adjustment via frontal systems, especially 

the DLPFC (e.g., Cavanagh et al., 2009). Future work employing advanced functional 

and structural measures (e.g., functional magnetic resonance imaging, transcranial 
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magnetic stimulation) could reveal additional temporally and spatially specific evidence 

for the role of the DLPFC in terror management processes.  

Limitations of the present study 

The present study was carried out to test the idea that MS would heighten 

neurobiological reactivity during a self-esteem relevant task. However, the design did not 

include a condition in which participants were not led to believe the Flankers task was 

diagnostic of self-esteem relevant attributes (i.e., intelligence and career success). This 

leaves open the possibility that MS could heighten error monitoring independent of an 

error-inducing task’s purported relevance to participants’ self-esteem. Perhaps it is 

reasonable to suspect that MS may heighten people’s efforts to do well at any task when 

they are accountable for outcomes, leading to heightened reactivity to erroneous 

performance. Stemming this alternative account would have been made possible through 

the inclusion of a second between-subjects variable manipulating whether the Flankers 

task was framed as diagnostic of self-esteem relevant vs. self-esteem irrelevant attributes, 

or by including self-esteem contingency for career success and intelligence as a grouping 

variable and assessing an interaction between that and the MS manipulation. Yet a 

decision was made at the design phase of the study to run a smaller design that permitted 

controlling qualities of the primed stimulus (i.e., death vs. field vs. pain) while avoiding a 

design so prohibitively large that it could not be run in the available one-year’s time. 

While subjectively this made for an elegantly simple 1 vs. 2 design, objectively this 

allows for the aforementioned alternative explanation.  
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Clearly, an extended replication of the present study that adds a “no self-esteem 

relevance” condition will be extremely useful in determining whether MS simply 

heightens concerns with errors generally or only with self-esteem relevant errors. 

Notably, though, no single study occurs in a vacuum. The present research is embedded 

in a literature of hundreds of studies illustrating that MS only motivates intensified 

behaviors on tasks that are relevant to individuals’ personally prioritized bases of 

meaning and value. Accordingly, viewed in light of the empirical precedent, the present 

results likely reflect MS-induced neurobiological reactivity to self-esteem relevant error 

commissions. 

 The present experiment was carried out in a highly controlled laboratory 

environment, with participants largely immobilized, electrophysiological equipment 

draped over their heads and faces, performing a letter identification task while being 

subliminally primed with one word or another. Does the highly controlled nature of the 

context in which this study occurred limit generalizability to more impactful or 

mundanely realistic experience?  

Of course, the present study should be viewed in light of its potential 

methodological limitations, but also as a step in specifying the processes underlying a 

well-documented phenomenon. The literature on MS-induced self-esteem striving is 

populated with examples of relatively high impact studies, demonstrating that MS 

influences a host of behaviors only when they are tied to individuals’ self-worth, 

including driving, tanning, exhibiting strength, donating to charities, and exercising (for 

review, see e.g., Greenberg et al., 2008). In fact, this research literature has lacked the 
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sort of precision assessments employed in the current experiment, and consequently has 

left open a research gap regarding the question of how regulatory mechanisms could 

implement self-esteem striving after MS. Thus, the present study is a control-focused 

piece of work in balance and convergent with more impactful prior studies. The 

generalizability of the observed responses may thus be limited by the methods employed, 

but they are also consistent with prior face-valid studies and, as stated earlier, likely 

explicate processes underlying those earlier findings. 

Notably, however, the present sample consisted exclusively of male participants, 

a methodological feature aimed at eliminating potential variability in ego-investment 

consequent of the sex match vs. mismatch between participant and experimenter. This 

limitation raises the question of whether effects similar to those found here would arise 

among female participants. Though prior research on the ERN has generally yielded 

comparable effects among males and females, additional research examining the effect of 

MS on ERP components among both women and men is needed. 

 The present results suggest that the effects of MS on behavioral compensations 

(i.e., post-error slowing and post-error accuracy) may be mediated by activations within a 

neural conflict monitoring system indexed by ERN amplitudes. Yet some of the paths in 

the mediation analyses were only marginally significant (e.g., the relationship between 

MS and post-error slowing). Why were these results somewhat weak or inconsistent with 

one another?   

With regard to the relatively weak predictive effect of MS on post-error slowing, 

perhaps slowing down after an error is not a particularly psychologically compelling 
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means of garnering self-esteem, e.g., as compared with making a subsequently correct 

response. Alternatively, the cover story may have discouraged response slowing. 

Participants were led to believe that “better performance” on the Flankers task predicts 

intelligence and career success and may have inferred that “better performance” entails 

quick (and accurate) responding, resulting in a muted effect of MS on post-error slowing. 

With regard to the finding that the effect of MS on post-error accuracy remained 

significant after accounting for variance in ERN amplitude, perhaps consequences of 

subliminal death primes other than sensitivity to error commission contributes to the 

effect of such primes on post-error accuracy striving. For instance, in addition to 

reactivity to errors, MS-induced concern with thoughts of the self and of procuring a 

sense of personal value may have facilitated improved accuracy (Kosloff, Greenberg, 

Sullivan, & Weise, in press, Study 3).  

 While these accounts may explain the somewhat weak and inconsistent 

mediational findings, an arguably more parsimonious account is that the sensitivity of the 

behavioral compensation metrics used was reduced due to the way they were calculated.  

The relationship between ERN amplitude and behavioral adjustments were made on the 

between subjects level, showing that those individuals with larger ERN amplitudes 

showed greater behavioral adjustments. It might be argued that MS strengthened the 

connection between activity of brain systems giving rise to the ERN and mechanisms of 

cognitive control, on an individual subject level.  Thus, calculating trial-to-trial estimates 

of ERN amplitude, such that each ERN is paired with the behavioral response on the 

subsequent trial, would allow for a more fine grained assessment of the degree to which 
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MS heightens cognitive control and behavioral compensation. This notably involved data 

analytic approach thus represents a worthy future avenue for data reanalysis. Perhaps this 

strategy would also yield measures that more reliably predict the relationship between 

behavioral compensations and reduced death thought accessibility. This association was 

significant regarding post-error accuracy but not regarding post-error slowing. This too 

might reflect a lack of sensitivity in the behavioral measures and may be remedied by 

deriving and analyzing trial-by-trial ERP-linked behavioral compensation scores. 

 Additionally, MS had no effect on participants’ overall accuracy. Given that MS 

intensifies self-esteem striving behaviors, why did subliminal death (vs. control) primes 

not cause improved overall performance (i.e., fewer errors overall)? Several features of 

the Flankers task may explain why such an effect did not occur in the present study. 

Methodologically, it should be noted that the Flankers task has been developed through 

extensive prior testing to maximize response conflict, i.e., to ensure that responding is 

low in controllability and likely to include a sufficient number of performance slips (i.e., 

errors). Consequently, it is very difficult and rarely if ever observed that participants 

show improved overall performance as a function of dispositional or situational factors 

(e.g., Cavanagh et al., 2009). This suggests that increased drive or effort will not 

necessarily translate into improved performance on this particular task, as is often the 

case with challenging and novel tasks (Hull, 1943). The Flankers task likely thus 

presented participants with an unusual, unrehearsed, and challenging task where the 

dominant response is to regulate against errors—to employ “damage control,” so to 

speak. Consistent with prior research on behavioral facilitation (Hull, 1943; Zajonc, 
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1965), increased motivation due to MS and the self-esteem relevant nature of the task 

may have heightened this dominant response. This may explain why MS heightened error 

monitoring and error-related compensation but did not lead to improvement in total 

accuracy. 

 Also of note, a series of individual difference assessments were administered in 

the present study, for exploratory purposes, none of which moderated the observed 

effects of MS. Of course, when a barrage of personality questionnaires administered at 

the end of a study does not condition a set of predicted and observed effects, it is difficult 

to know precisely why such null effects occur. The individual difference measures were 

selected on the basis of their apparent relevance to self-regulatory processes, yet none of 

them significantly correlated with the dependent measures of interest. The absence of 

effects associated with the individual difference measures may be explained by 

regulatory fatigue occurring at the end of the study. The packet of questionnaires was 

administered approximately 90 minutes into the study, a point by which participants may 

have been too ego-depleted to accurately process and respond to a series of lengthy 

questionnaires.  The current results thus suggest little in the way of future directions to 

this effect, yet clearly MS effects in the past have been moderated such that individuals 

lacking resources to maintain their cultural anxiety buffer are more susceptible to the 

influence of MS (e.g., Greenberg et al., 1990; Goldenberg et al., 1999; Harmon-Jones et 

al., 1997; Mikulincer & Florian, 2000; Simon et al., 1998).  

Despite this surprisingly barren avenue, it seems likely that future research will 

discover factors that moderate the effect of MS on error sensitivity and consequent 
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behavioral compensation. Perhaps more fruitful outcomes will occur upon administering 

dispositional assessments earlier in experimental sessions and ensuring more direct ties to 

self-esteem and behavioral performance. For instance, perhaps reaction time-based 

assessments of implicit self-esteem and their discrepancy from explicit self-esteem 

measures (i.e., self-esteem fragility; e.g., Zeigler-Hill, 2006) would predict the relatively 

implicit MS-induced error sensitivity observed in the present work.  

A final issue concerns the extent to which the present findings reflect responses to 

the threat of death as opposed to other threats. No single study can definitively determine 

whether the effects reported here are unique to the threat of death, or would occur in 

response to other threats, as well. Yet a large body of research (Greenberg et al., 2008) 

supports the notion that death is uniquely threatening as the only inevitable foreseeable 

future threat, one that undermines most if not all of an individual’s strivings (whether for 

survival, control, social connection, pleasure, etc.). Well over a hundred studies have 

found different effects for MS and thoughts of other aversive events. Furthermore, as 

mentioned in the Introduction, threats to one’s worldview and self-worth have been found 

to increase the accessibility of death-related constructs but not other types of aversive 

thought (Hayes, Schimel, Faucher, & Williams, 2008; Schimel, Hayes, Williams, & 

Jahrig, 2007). 

Nonetheless, other threats may arouse similar effects as MS under some 

circumscribed circumstances, so only further research can determine whether threats 

other than thoughts of mortality would also increase ERN amplitudes and compensatory 

efforts to avoid self-esteem relevant errors. However, it is worth noting that MS had 
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effects relative to a control condition in which participants were either primed with an 

aversive term (pain) or a neutral term (field), and effects did not differ as a function of the 

type of control prime presented. Thus, evidence for the unique effect of MS on 

neurobiological and behavioral outcomes was obtained. 

Conclusion 

 
“‘Civilized’ society is a hopeful belief and protest that science, money and goods 
make man count for more than any other animal. In this sense everything that man 
does is religious and heroic, and yet in danger of being fictitious and fallible” 
 

           —Ernest Becker (“The Denial of Death”, 1973, p. 5) 
 

This manuscript describes an experimental effort to integrate psychologists’ 

insights into the human struggle with mortality and the nuances of human 

psychophysiology. The findings herein described suggest that unconscious thoughts of 

death promote heightened vigilance against making mistakes when self-esteem is on the 

line – that failures during quests for personal value resonate in our brains and bodies 

when the specter of death looms. In illustrating this phenomenon, this work offers an 

initial glance at the regulatory mechanisms by which individuals strive for significance in 

an existential reality. Despite its limitations, the present experiment opens doors for 

further experimentation and may have uncovered the mechanisms underlying prior 

effects in the terror management research literature. Hopefully, continued efforts to 

elucidate the impact of knowing death on the human mind, brain, and body will promote 

understanding and perhaps even acceptance of our fictions and fallibilities.  
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APPENDIX A 

Pilot Study 

In Fall 2009, 52 University of Arizona students in Introductory Psychology 

classes (20 males, 32 females; age: M = 19.04, SD = 0.84, min/max = 18/21) completed 

the Flankers task with subliminal priming in exchange for course credit. Participants were 

randomly assigned to receive either 420 DEATH primes (i.e., primes on all practice and 

experimental trials), 120 DEATH primes (i.e., primes on all practice trials and 10 trials 

per block), or 420 FIELD primes (i.e., primes on all practice and experimental trials). 

Afterwards, participants completed Schimel et al.’s (2007) LDT assessment of DTA. If 

420 DEATH primes results in semantic satiation, then DTA would be lower in that 

condition compared to the 120 DEATH primes condition and perhaps no different 

compared to the 420 FIELD primes condition. Yet if 420 DEATH primes results in 

heightened DTA, then DTA would be higher in that condition compared to the 420 

FIELD primes condition and comparable to or higher than DTA in the 120 DEATH 

primes condition. In the latter case, the 420 DEATH primes induction would be 

preferable to the 120 DEATH primes for use in the main study, in that priming every trial 

ensures uniformity across trials. 

Following standard procedure for treatment of reaction times (RTs; e.g., Arndt, 

Greenberg, & Cook, 2002; Bargh & Chartrand, 2000; Kirk, 1982; Kosloff, Greenberg, 

Schmader, Dechesne, & Weise, in press; Winer, 1971), error responses and RTs above 

1500ms and below 300ms were dropped. On average, individuals made errors in 

identifying 1.77 words (SD = 2.34), and only 4 RTs were above 1500ms or below 300ms. 
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All RTs were log transformed to reduce skew, and then averaged into composites for 

death words (α = .77), negative words (α = .76) and neutral words (α = .74), respectively. 

Results of a mixed ANOVA revealed a significant Prime Condition ×  Word Type 

interaction, F(4, 98) = 8.90, p < .001. Pairwise comparisons significant at p < .05 are 

denoted via subscript in the table below (which reports average raw RTs, though all 

analyses were conducted on average log transformed values). Results thus showed that, in 

both DEATH primes conditions, RTs were significantly quickened to death words but not 

to negative and neutral words.  

 

Prime condition

M SD n M SD n M SD n

   420 death primes 524.14b 94.75 16 567.62a 73.76 16 630.20a 69.67 16

   120 death primes 530.64b 102.42 18 570.87a 98.92 18 616.39a 101.67 18

   420 field primes 625.24a 104.26 18 612.23a 92.82 18 608.80a 73.6 18

              Word Type

Death Negative Neutral

 
 
Pilot study results, depicting mean response latencies for the Prime Condition × Word 
Type Interaction. Means that do not share a subscript differ at p < .05. Lower mean 
values represent faster reaction times (in milliseconds). 
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APPENDIX B 

Comparisons of the Control Condition Primes 

The control condition in the present study entailed subliminally priming one of 

two possible terms during the Flankers task: pain or field. Results from individuals 

randomly assigned to receive one of these two prime types were pooled together in 

primary analyses, under the assumption that results would not differ as a function of type 

of control prime received. To test this assumption, one-way ANOVAs examined whether 

receiving pain vs. field primes significantly affected any dependent measure in the 

present study. As shown in the table below, results of these analyses demonstrated that 

type of control prime received did not significantly influence any outcome measure. 

DEPENDENT MEASURE
M SD M SD F p

  ERN amplitude at FCz (µv) -6.81 3.88 -7.10 4.87 0.04 0.85

  CRN amplitude at FCz (µv) -2.93 2.47 -2.59 2.65 0.15 0.70

  Pe amplitude at Cz (µv) 11.04 7.22 9.37 6.34 0.54 0.47

  Total errors made 60.32 36.33 56.47 32.07 0.11 0.74

  Post-error slowing (ms) 29.69 39.38 27.44 35.36 0.03 0.86

  Post-error accuracy (%) 76.84 15.94 77.88 19.49 0.03 0.86

  DTA (ms) 603.26 109.22 562.53 65.05 1.79 0.19

Pain Field

CONTROL CONDITION

 

Comparisons of the pain (n = 19) and field (n = 17) control condition primes. 
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