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ABSTRACT 

 

 

Ego-resiliency (ER) is a trait that describes the ability to cope with stress, while effortful 

control (EC) is an individual difference related to the ability to optimally inhibit negative 

emotion through attentional mechanisms. ER has been linked to flexible cardiovascular 

responding without accounting for autonomic nervous system origins of physiological 

responses. Similarly, EC tends to be associated with increased cardiac vagal control. 

However, differences in the autonomic characteristics of these constructs remain unclear. 

In the current study, it was hypothesized that compared to low-scorers, individuals who 

score high on ER and EC will each have greater vagal control and less sympathetic 

control over interbeat intervals (IBI) changes during laboratory stressors. Subjects 

engaged in a mental arithmetic, speech preparation, and verbal fluency task to elicit 

cardiovascular activation along a continuum of threat. Electrocardiography and 

impedance cardiography were collected before, during, and after these tasks to assess 

changes in autonomic functioning. Results from multiple regression analyses indicated 

that high levels of EC predicted increased vagal control over IBI recovery and less 

sympathetic reactivity of IBI reactivity. Contrary to predictions, ER showed an opposite 

pattern of autonomic regulation across stressors. 
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INTRODUCTION 

Individual differences in the adaptation to changing environmental demands is a 

fundamental topic in personality psychology.  The inability to regulate behavior and thinking in 

response to new situations may be an indicator of psychopathology, while a propensity to modify 

behavior to appropriate situational affordances and constraints is requisite for success in various 

interpersonal domains (Friedman, 2007). Differences in adaptability can also be expressed 

physiologically. For instance, differences in autonomic control (e.g. higher vagal control of heart 

rate) predict one’s ability to adapt cognition and behavior to changing scenarios (Friedman 1993; 

1998). The present study is one of the first instances in which ego-resiliency (ER) (Block & 

Block, 1980), an individual difference encoding human adaptability and effortful control (EC) 

have been related to the activity of both branches of the autonomic nervous system (ANS). In 

this study, cardiovascular responses to psychological stress were collected in order to assess the 

relationship between these traits and autonomic cardiac control. A review of ER and EC and its 

origins are offered below, followed by a discussion of the ANS and its relationship to behavioral 

and cognitive adaptability. Finally, a study that investigated the autonomic characteristics of ER 

and EC will be described. 

Origins: Ego Functioning 

Historically, psychoanalytic theory placed a great deal of emphasis on the expression and 

moderation of impulses in determining the nature of psychological and interpersonal well-being.  

The psychoanalytic notion of “ego” refers to those psychological structures and processes (e.g. 

repression, delay of gratification, etc.) that moderate impulses within certain boundaries.  

Namely, this perspective holds that healthy personality functioning is contingent on restrained 

exercise of both impulse expression and impulse control. The former is needed for fulfillment of 
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needs conducive to survival and reproduction (i.e. sex and feeding behaviors), while the latter is 

required for a stable environment with minimal threat. (Epstein, 1994; Klohnen, 1996).   

Although the “ego” construct has been criticized as being imprecise (Epstein, 1994), Jack 

and Jeanne Block (1980) reformulated the essential qualities of ego functioning to meaningfully 

differentiate persons with two traits: ego-control and ego-resiliency (ER). Together, these 

concepts hold that there are individual differences in the characteristic level and flexibility of 

impulse control, respectively. These constructs bring the less rigorous notions of ego functioning 

into a more empirical realm. 

Ego-control describes the extent to which behavioral manifestations of desires, affect, 

and other motives are inhibited.  Block (1950) introduced this construct as a bipolar dimension 

typified by overcontrol at one end and undercontrol at the other. Overcontrolled individuals are 

characterized by their rigid habits, a staunch ability to delay gratification, and being extremely 

organized. Conversely, undercontrolled persons are described as being impulsive and liberal in 

their affective displays, regardless of normative constraints (Block, 2002). 

Being at either extreme on the ego-control dimension can confer advantage or harm, with 

this effect depending largely on the context (Letzring, Block, & Funder, 2005).  For instance, 

adolescents with higher levels of ego-control were able to forego an immediate monetary reward 

for a larger amount in the future (Funder & Block, 1989). Thus, overcontrol is argued to 

facilitate the attainment of many important life goals. Overcontrol is also associated with a 

reduced display of humor, low talkativeness, and flat affect in speech and facial gestures 

(Letzring, Block, & Funder, 2005). Such deficiencies are thought to impair the ability to engage 

in friendly communication with others.  
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Undercontrol, however, may be adaptive in such interpersonal domains where 

“spontaneity and talkativeness allow one to form and foster social bonds. Conversely, it is easy 

to see that undercontrol of motives may be harmful in situations in which caution is of concern.  

For instance, low ego-control predicts externalizing problems (Huey & Weisz, 1997), delinquent 

behavior in children (White et al., 1994) and increased drug use in adolescents (Block, Block, & 

Keyes, 1988). 

Ego-Resiliency 

Adequately adapting to changing conditions requires the modification of one’s 

characteristic level of ego-control to fit different contexts. This propensity is captured by the ER 

construct (Block & Block, 1980). At the high end of ER, the individual shows flexibility in 

behavior, thinking, and attention. As a consequence, the ego-resilient person can easily 

manipulate attention and modify strategies for solving different problems (Block & Kremen, 

1996). For instance, such individuals are skilled at adjusting the rate of motor movement after 

receiving directions from an experimenter, and at focusing on two different media of information 

simultaneously (Block & Block, 1980).  

Low-scorers on the dimension, referred to as “ego-brittle” persons, have fewer cognitive 

and behavioral options on which they can rely to adequately adapt to unexpected situational 

changes (Block & Block, 1980). Therefore, they are at increased odds for experiencing anxiety 

(Tellegen, 1985). ER is negatively related to California Adult Q-sort items that indicate 

rumination, the presence of chronic anxiety, and sensitivity to threat (Block & Kremen, 1996). In 

contrast, high ER is associated with an improved capacity to deal with and recover from 

emotional and behavioral challenges, including stressful experiences and negative emotional 

states. (Block & Block, 1980; Tugade & Fredrickson, 2004).    
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 ER is also marked by positive emotionality and improved social functioning. The trait’s 

link to positive emotion is supported by increased humor and cheerfulness in ego-resilient 

persons (Block & Kremen, 1996). Further, college students high in resiliency showed increased 

positive emotions, such as gratitude and love, following the September 11
th

 attacks. These 

positive emotions, in turn, buffered the ego-resilient students from developing depression in the 

weeks following the incident (Fredrickson, Tugade, Waugh, & Larkin, 2003).  A factor analysis 

of CAQ items that are prototypical of the construct yielded a higher-order factor of “confident 

optimism,” thereby indicating positive emotion as a defining characteristic of ER (Klohnen, 

1996). Similarly, ER predicts increased interpersonal connectedness, warmth, and talkativeness 

(Block & Kremen, 1996), along with better occupational and social adjustment (Klohnen, 1996). 

Effortful Control: Self-Regulatory Capacity 

 Adaptability of behavior and emotion to changing demands has been represented not 

only by ER but by an array of self-regulatory constructs that are also grounded in executive 

function (Block & Kremen, 1996; Kochanska, Murray, & Harlan, 2000). One such construct is 

effortful control (EC), an aspect of temperament that arises in the first year of life and remains 

somewhat stable over the lifespan (Rothbart, Ahadi, & Evans, 2000). This construct describes an 

ability to inhibit a prepotent response and to then engage in and sustain a less dominant response 

(Rothbart & Bates, 1998).  Although EC can describe regulatory capacity at multiple levels, such 

as cognitive and motor, the construct is often used to describe the ability to regulate involuntary, 

unconscious responses that are tied to emotion (e.g. behavioral activation and inhibition) 

(Eisenberg, 2002; Blair & Razza, 2007).  These nonconscious responses reflect a form of 

reactive control that refers to BIS/BAS-related emotional reactivity that develoops and interacts 
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with attention-based regulatory mechanism as, represented by EC, to dictate emotional 

experience and responding (Derryberry & Rothbart, 1997).  

 EC relies on attentional regulation and cognitive mechanisms that relate to executive 

function: dynamic shifting of attention to appropriate information while also inhibiting 

processing on inappropriate information (Blair & Razza, 2007; Rothbart et al., 2000)  The 

mechanisms underlying EC are tied to activity in the anterior cingulate cortex (ACC), a frontal 

cortical region important in the regulation of posterior attentional systems, and in the modulation 

of responses to accommodate future-oriented decision-making (Rothbart & Bates, 1998; 

Derryberry  & Rothbart, 1997).  As such, EC permits willful regulation of emotional responses 

that are not appropriate for the immediate context.  Children scoring higher on EC have shown 

more effective regulation of anger, intense joy (Kochanska et al., 2000) and fear reactions 

(Kochanska, 1993). EC factor scores have been shown to correlate with personality 

characteristics associated with positive adjustment: conscientiousness, agreeableness, emotional 

stability, and low attachment anxiety (Jensen-Campbell et al., 2002, Derryberry & Reed, 1994; 

Skowron & Dendy, 2004). While EC is usually assessed in children with observer report 

questionnaires or laboratory task performance, the Adult Temperament Questionnaire (ATQ) 

(Derryberry & Rothbart, 1988) is most often used to assess EC among college samples. 

 ER is also suggested to rely on mechanisms relating to executive function (Block & 

Kremen, 1996). Particularly, ER is positively associated with cognitive flexibility (Genet & 

Seimer, 2011), which requires inhibiting the processing of task-inappropriate information while 

simultaneously shifting between mental categories to adapt to changing cognitive demands 

(Miyake, Friedman, Emerson, Witzki, & Howerter, 2000). In Genet and Seimer (2011), college 

students completed an ER questionnaire and completed a task where the experimenter randomly 
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presented one of two rules (i.e part of speech vs. valence). Each rule dictated how the participant 

should classify a displayed word.  Specifically, those higher in ER showed shorter reaction times 

to correctly classify words based on the appropriate rule. Because this task required the 

simultaneous inhibition of response categories of one rule and a shift between rules upon the 

presentation of a certain stimulus, the results suggest increased cognitive flexibility among ego-

resilient persons. Such results also strengthen the conceptual link between EC, executive 

function, and ER.  

While both ER and EC reflect differences in behavioral and emotion regulation 

(Eisenberg et al., 2003; Kochanska et al., 2000), ER is suggested to be distinct from and, to an 

extent, fostered by EC. Specifically, resiliency in the face of stress was found to be a mediator of 

the positive effect of attention regulation on children’s social adjustment, which was 

operationalized as socially appropriate behavior and level of classroom popularity (Eisenberg et 

al., 2000).  While conceptual overlap exists, these constructs may each reflect different aspects of 

self-regulation, such that EC describes flexibility at the level of attentional processing and basic 

emotional responding (Derryberry & Rothbart, 1997). ER, on the other hand, connotes highly 

adaptive behavior, across different socioemotional contexts (Eisenberg et al., 2003), that likely 

results from regulatory mechanisms represented by EC (Eisenberg et al., 2000); However, given 

the ambiguity that still remains about the distinctiveness of these two constructs, the present 

study will explore the discriminant validity of ER and EC as it relates to physiological regulation 

during stress. 

EC has received more contemporary empirical interest than ER in attempts to define 

emotion regulation differences between persons. However, ER was also  measured in the present 

study because it emphasizes the importance of the situation, to which the field of 
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psychophysiology has historically given much focus (Arena et al., 1989). Specific motivational 

states, such as fear, elicit shifts in cardiac output that appropriately mobilize metabolic resources 

for situationally appropriate somatic responses (e.g. fleeing) (Obrist, 1976).  More broadly, the 

modification of emotional and attentional processes with task demands permits psychological 

health (Block & Kremen, 1996). For instance, given the negative quadratic relation between EC 

and emotional expressivity (Eisenberg, Zhou, et al., 2003), it is possible that the inhibitory 

processes related to EC may not always be advantageous in social contexts where high positive 

emotional expressivity is valued (Porges, 2007). While both constructs relate to some optimal 

level of behavioral regulation (Eisenberg et al., 2003; Derryberry & Rothbart, 1997), the present 

study investigated whether ER and EC relate to a similar form of flexible cardiovascular 

regulation, or whether one construct better differentiates physiological control of cardiac 

functioning. 

Positive Emotion 

The broaden-and-build theory of positive emotion claims that positive emotions 

temporarily diversify the individual’s cognitive and behavioral tendencies, whereas negative 

emotions tend to limit one to particular mode of thinking and action (e.g. fight or flight) 

(Fredrickson, 1998). For instance positive emotions were shown to increase the likelihood of 

participants designating category membership to unusual examples of that category (e.g. 

classifying a camel as a vehicle) (Isen & Daubmen, 1984).  Also, relative to a neutral condition, 

inducing positive emotions with film clips led to a desire to engage in a larger number of 

behaviors, as assessed by the Twenty Statements Test (Fredrickson and Branigan, 2005). 

Positive emotions reduce the physiological response patterns associated with negative emotions 
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(Fredrickson & Levenson, 1998), thereby broadening available options for thinking and 

behavior. 

Consistent with the broaden-and-build theory, Tugade and Fredrickson (2004) claim that 

ego-resilient persons’ increased positive emotionality causes their enhanced flexibility in 

thinking and improved recovery from stress. These authors elicited stress by having subjects 

prepare a speech that experimenters claimed would be filmed and shown to peers for evaluation. 

Higher ER was shown to predict a shorter duration of cardiovascular reactivity following the 

speech preparation task.  Mediational analyses suggest that self-reported emotions during the 

task accounted for ER’S effect on cardiovascular recovery, and that these positive emotions 

explained the trait’s effect on increased positive appraisal of the task (assessed after task). 

Together, these results suggest that increased positive emotion associated with ER may foster 

emotion regulation strategies that yield positive meaning and help down-regulate stress-based 

physiological activity.  

 The most relevant dimension of Tugade and Fredrickson’s experiment is that it validates 

the characterization of ER as a propensity to adequately deal with and recover from threat (Block 

& Kremen, 1996). In this case, ego-resilient individuals had better recovery in the sense that they 

more quickly returned to baseline levels of heart rate and blood pressure following a stressful 

experience. In conjunction with the improved cardiovascular recovery, the positive meaning 

found in the speech preparation task implies that ego-resilient individuals more effectively faced 

the stressor. Thus, flexibility in cardiovascular functioning seems to be related to the 

psychological and behavioral adaptability that have been incorporated within the ER dimension. 

 Although Tugade and Fredrickson’s findings provide a better understanding of the 

cardiovascular dimensions of ER, they did not explore the autonomic underpinnings of ego-
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resilients’ faster recovery. It has been indicated that visceral activity is not always subject to 

reciprocal autonomic control in which suppression of one branch is met with activation of the 

other. Rather, it is suggested that the autonomic nervous system’s (ANS) influence on any one 

organ is often much more complex. Specifically, the sympathetic (SNS) and parasympathetic 

(PNS) branches can operate independently and thus produce different patterns of autonomic 

control, including uncoupled, reciprocal, or dual activation of the ANS branches (Berntson, 

Cacioppo, and Quigley, 1991). For instance, the orienting response includes not only vagal 

activity increase but also sympathetic activation, as suggested by rats’ heart rate increase to 

novel stimuli after parasympathetic blockade (Quigley & Berntson, 1990). An exploration of the 

autonomic mechanisms responsible for ego-resilients’ faster recovery is warranted to more 

holistically understand the physiological profile of a resilient or well-regulated person. 

Autonomic Flexibility 

It is likely that ego-resilients and persons high in EC are better able to regulate negative 

emotion and stress because they show greater physiological flexibility, in the form of quicker 

regulation of interbeat intervals (IBI) to changing situational demands. Modulation of IBI, an 

alternative measurement of heart rate, is thought to support changes in metabolic output that are 

warranted by different behaviors across contexts (Obrist, 1981). As mentioned above, such 

fluctuations can originate from sympathetic or parasympathetic nervous system output, where 

activation of these branches tend to accelerate and decelerate HR, respectively.  Friedman and 

Thayer’s (1998) autonomic flexibility framework conceptualizes flexibility in terms of beat-to-

beat variability in heart rate. However, there are internal mechanisms that differentially account 

for specific frequencies of HRV.  Heavier recruitment of autonomic control from either vagal or 

sympathetic post-ganglionic efferents is thought to produce differences in the speed with which 
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IBI can be influenced by output from the autonomic source nuclei in the brain stem (Berntson et 

al., 1993). Specifically, parasympathetic influence on the sino-atrial (SA) node is mediated 

through cholinergic neurotransmission, while sympathetic fibers influence chronotropic 

properties via adrenergic neurotransmission.  Given the different frequency response 

characteristics of these two neurotransmitter systems, the vagal nerve tends to have a more rapid 

influence on the SA node compared to the effect of sympathetic fibers (Saul, 1990).  Also, the 

influence of vagal pathways on heart rate showed a lower decay constant compared to 

sympathetic efferent nerves (Berger, Saul, & Cohen, 1989; Saul, 1990). Thus, increased 

employment of cardiac vagal regulation are thought to reflect autonomic flexibility because such 

chronotropic control supports rapid changes in metabolic output, and thus rapid shifts in behavior 

(Friedman & Thayer, 1998; Porges & Furman, 2011). 

 Autonomic flexibility can be characterized by the intrinsic variability in heart rate. High 

frequency (HF) variations (.25 Hz) in the heart rate time series are primarily attributable to the 

activity of the vagus (Saul, Berger, Chen, & Cohen, 1989; Saul, 1990). Within this HF spectrum, 

there are variations in heart period which correspond to relatively quick frequency of respiration 

(.12-.40 Hz). This pattern, known as respiratory sinus arrhythmia (RSA), describes the tendency 

of heart period to shorten during inspiration and lengthen during expiration. RSA is generally 

accepted to result from vagal influence, as indicated by its persistence after surgically blocking 

post-ganglionic sympathetic fibers (Anrep, Pascual, & Rossler, 1936) and its attenuation after 

atropine administration (Grippo, Lamb, Carter, & Porges, 2007). Thus, vagal tone, often assessed 

in terms of RSA, is suggested to indicate the individual’s ability to rapidly modulate heart rate to 

various afferent feedback and CNS cardiorespiratory mechanisms (Berntson, Cacioppo, & 

Quigley, 1993).  
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 RSA is suggested to indicate the level of flexible interconnectedness between CNS 

structures regulating attention and motivation and ANS functioning (Thayer & Lane, 2000). 

Specifically, the central autonomic network (CAN) is a system of linked brain structures in the 

forebrain, midbrain, and hindbrain which regulate ANS activity though tonic GABA-inhibitory 

pathways (Benarroch, 1997).  SNS-based, defensive reflexes are thus usually quelled by 

prefrontal cortex inhibition over sympathetic efferent fibers, with RSA reflecting the level of 

inhibition provided by these circuits over lower-order reflexes. In this framework, RSA not only 

reflects the output of the CAN on the sino-atrial node via the stellate ganglia and the vagus, but 

also the integrity of bidirectional CNS-ANS communication, as efficiency of this system  

requires integration of efferent signals to the viscera with afferent impulses into CNS structures 

through the nucleus tractus solitarius (NTS) (Friedman, 2007; Benarroch, 1997). “Loose 

coupling” of ANS activity with CNS structures regulating attention and affect is needed for 

ample self-regulation. Broadly, this system interconnectedness and self-regulatory capacity can 

be measured indirectly with HRV (Friedman, 2007; Thayer & Lane, 2000). 

 Reduced vagal tone has been found to be associated with pathologies marked by extreme 

anxiety (Friedman, 2007).  Anxiety is grounded in deficient GABA-mediated inhibition of 

defensive reactions to threat by the CAN, resulting in various forms of inflexibility, such as 

chronic patterns of perseverative thinking (Thayer & Friedman, 2002) and avoidance of novelty 

(Friedman & Thayer, 1998). HRV has been collected in “individuals prone to panic attacks” (i.e. 

panickers) while they engaged in a variety of tasks that elicit different patterns of autonomic 

activation (Friedman et al., 1993; Friedman & Thayer, 1998). Panickers showed less vagal tone 

across tasks than controls, shown by lower power in the HF spectrum of HRV.  
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The LF/HF ratio was a significant predictor of IBI for panickers, suggesting predominant 

sympathetic control over HR (Friedman et al., 1993). Note that there is controversy about the 

extent to which vagal activity also contributes to LF HRV (Pomerantz et al., 1985). Thus, the 

LF/HF ratio, a reflection of sympathetic activity relative to parasympathetic activity (i.e. 

sympathovagal balance), may be used to help interpret sympathetic activation from LF power 

(Malliani, Lombardi, Pagani, & Cerutti, 1990). In line with this result, sympathetic activation is 

associated with suppression of outward displays of emotion, which is noted as an ineffective 

emotion regulation strategy in terms of down-regulation negative subjective experience (Gross, 

1998). This finding supports the idea that adrenergically mediated sympathetic influences on the 

sino-atrial node are not quick enough to promote efficient and rapid regulation of cognitive-

behavioral states (Porges, 2007). 

Emotion Regulation and ANS Activity 

In light of these findings, psychological and behavioral perseveration appears to be 

marked by less dynamic regulation of heart rate and thus cardiac output.  Rapid changes in 

metabolic needs, precipitated by changes in environment and motivation, require the CNS 

quickly adjust cardiovascular functioning through the vagus to match these needs (Obrist, 1976). 

In sum, high vagal tone is an indicator of physiological variability which, in turn, communicates 

information about behavioral complexity and adaptability to changing situational demands 

(Goldberger, 1991).  

Fabes and Eisenberg (1997) highlight vagal activity as an indicator of effective emotion 

regulation. In their study, college-aged participants filled out a daily report over the span of two 

weeks to indicate their reactions to and ability to cope with stressful experiences. Additionally, 

participants’ resting vagal tone was continuously assessed by high-frequency heart rate 
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variability (HF HRV). Overall, vagal tone showed a negative correlation to the intensity of 

negative reactions to daily stressors and a positive relationship to the employment of effective 

coping strategies (e.g. positive reappraisal, seeking social support). These results suggest that 

individuals with high vagal outflow are advantaged in that they are more resistant to and better 

able to deal with aversive forms of stress. Further, HF HRV tends to increase during active use 

of emotion regulation strategies, such as cognitive reappraisal of negative emotion (Butler, 

Wilhelm, & Gross, 2006). 

College-aged participants’ resting RSA was assessed, and their agreeableness, 

extraversion, optimism, and enduring positive mood were measured to provide multiple 

operationalizations of trait-like positive emotionality (Oveis et al., 2009). All of these trait 

measures were positively correlated with baseline RSA, which suggests an association between 

vagal tone and positive emotions across time and settings.  The validity of RSA’s link to tonic 

and not just phasic positive emotionality (Kettunen et al., 2000) is supported by the fact that 

Oveis et al. aggregated trait emotionality over two measurement periods, 1 and 8 months after 

cardiovascular data was collected.  High resting RSA also predicts increases in positive 

emotionality over a nine-week span, in addition to decreases in loneliness over the same time 

duration (Kok and Fredrickson, 2010). Given these findings, trait-like positive emotionality’s 

status as a core feature of ER implies that ego-resilients should show higher baseline levels of 

RSA.  

RSA has been positively linked to attentional control, which was illustrated by persons 

high in resting HF HRV showing shorter reaction times to incongruent words (Johnsen et al., 

2003). Additionally, sustained attention in infants and school-aged children has been shown to be 

correlated with baseline measures of HF HRV (Porges 1992; Suess et al., 1994). Given that EC's 
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development and expression is rooted in one's capacity to regulate attention (Rothbart & Bates, 

1998), it is therefore likely that EC is related to higher cardiac vagal control in college adults. 

This link is supported by research finding observer-based indices of effortful control in infants 

with resting vagal activity (Huffman et al., 1998).  

There has been increasing attention given to more dynamic measures of vagal activity to 

better understand how the vagus actively shifts IBI and thus visceral state to support behavioral 

flexibility.  It is suggested that removal of the vagal brake quickly increases cardiac output to 

support shifts from relaxation to states of sustained attention and metabolic requirement (Porges 

et al., 1996). Infants who exhibit vagal withdrawal after seeing an experimenter’s still face show 

less simultaneous negative affect and are more likely to return to baseline levels of negative 

emotionality (Bazhenova, Plonskaia, & Porges, 2001). The still face is considered stressful to the 

infant because it is contrary to the infants’ normal expectations for positive interaction from the 

caregiver (Weinberg & Tronick, 1996). Unlike infants with no change or an increase in RSA, 

infants with RSA decreases showed a lowering of negative emotionality back to baseline. Thus, 

enhanced vagal withdrawal appears to be associated with one’s ability to rebound from negative 

emotions and stress more generally. 

Another dynamic measure of parasympathetic activity is vagal rebound, which describes 

vagal activity’s return to baseline levels after challenge-related withdrawal. In light of the 

differential frequency responses of the ANS branches (Berger, Saul, & Cohen, 1989), this 

measure also taps into individual differences in the ability to rapidly change IBI and thus cardiac 

output. As a result, it is likely a salient index for autonomic and behavioral flexibility. For 

instance, compared to normal controls, clinically depressed persons showed significantly less 

recovery of RSA following a sad film that elicited vagal withdrawal (Rottenberg, Wilhelm, 
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Gross, and Gotlib, 2003). In Bazhenova et al. (2001), only the group of infants that showed both 

higher engagement during positive social interaction and less upset during stress was able to 

exhibit a return of RSA to baseline after stress-related vagal withdrawal.  

Present Study 

 Aims.  In summary, vagal and to sympathetic regulation have been shown to predict a 

general ability to cope with and rebound from stress and negative emotion. In addition, 

heightened vagal outflow appears to be associated with both increased attentional and emotion 

regulation. Such enhanced characteristics are core features of ER  (Block & Kremen ,1996; 

Khlonen, 1996) and EC (Blair & Razza, 2007) constructs.  Fundamentally, both ER and EC are 

defined by the general tendency to be cognitively and behaviorally flexible (Block & Block, 

1980).  Thus, it is probable that these traits are both positively related to regulation by the vagus 

and SNS. The present study investigated the patterns of autonomic regulation that each covary 

with ER and EC, in hopes that results will offer a more holistic understanding of these 

personality constructs (Eysenck, 1991). 

Another aim is to expand on the the association between ER and improved physiological 

flexibility found by Tugade and Fredrickson (2004). It is likely that individual differences in 

underlying autonomic functioning may explain their finding of enhanced cardiovascular recovery 

for ego-resilient individuals following a stressful experience. Thus, in the present study, 

physiological flexibility was operationalized in terms of the contributions of sympathetic and 

parasympathetic activity to the regulation of heart period during stress. Ego-resilients’ increased 

vagal regulation of heart period may improve their ability to enter and exit stress-related 

cardiovascular activation, thus allowing for quicker recovery from subjective experience of 

stress.   
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 EC has been tied to indices reflecting efficient vagal regulation during stress; however 

little work has explored the sympathetic nervous system characteristics of EC in adult samples, 

especially with the incorporation of more dynamic measures of autonomic control (e.g. HF HRV 

and PEP change). Although ER and EC both encode individual differences in emotion 

regulation, it is unclear whether the specific regulation capacities that are unique to each trait 

equally map onto flexible autonomic regulation. An aim of the present study is to understand the 

unique ability of each ER and EC to differentiate autonomic regulation. 

More broadly, understanding these traits and their physiological correlates may improve 

the prediction and control of health outcomes. Ego-brittle persons are distinguished by increased 

anxiety and an inability to cope with stress (Block & Block, 1980), which likely increases their 

risk for the development of psychopathology. In fact, ER was found to be positively related to 

psychological and physical health (Klohnen, 1996). Exposure to chronic stress is associated with 

an increased risk for cardiovascular (Manuck, Kaplan & Clarkson, 1983; Rosengren et al., 2004) 

and infectious disease (Vedhara et al., 1999; Kopinsky, Stoff, & Rausch, 2004), with the latter 

being mediated by the immunosuppressive properties of cortisol (Manuck, Guyre, & Holbrook, 

1984). Thus, increased knowledge of optimally regulated persons' physiological and behavioral 

profile is warranted to identify which variables can be manipulated to promote health throughout 

the lifespan.   

 Stressors: A rationale.  Stress is conceived as a disturbance in the normal psychological 

or biological operations of an organism brought on by some threat or challenge (Lovallo, 2005). 

Perception of such a disturbance elicits compensatory responses, such as cardiovascular 

activation, to prepare the body for motor responses involved in dealing with a stressor (e.g. 

running from a predator).  Psychological stressors are events that do not pose a direct bodily 
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threat to the individual. Instead, their influence relates to how they are construed by the 

individual. Nonetheless, psychological stress elicits autonomically mediated patterns of 

cardiovascular reactivity that are somewhat similar to that of physical stressors (e.g. fatigue, 

cold, etc.) (Lovallo, 2005). In the present study, subjects engaged in three stress-inducing tasks 

while autonomic indices were collected, so that the relationship between self-regulation, as 

represented by ER and EC, and cardiac autonomic control could be investigated.  

Psychological stress was induced by having subjects engage in a mental arithmetic task in 

which they calculated and recorded answers to arithmetic problems without the aid of writing or 

counting. This task represents a standard cardiovascular stressor that has an acceleratory effect 

on HR (Falkner et al., 1979), which has been shown to be a product of beta-adrenergic 

sympathetic activation and concomitant vagal withdrawal (Gorman & Sloan, 2000). Mental 

arithmetic has little motor demand and is known to produce moderate increases in negative 

emotion (Lovallo, 2005). Accuracy on mental arithmetic tasks is thought to reflect the integrity 

of executive processes (Furst & Hitch, 2000). 

A speech preparation task (Kirschbaum et al., 1993) was also used to elicit psychological 

stress. Typically, this task incorporates subjects preparing a speech on a self-relevant topic that 

they must present to an audience later in the experimental session. In some forms of the task, 

subjects are led to believe that they must publically deliver their speech but are not required to do 

so, and responses are measured during the preparatory period only (Fredrickson et al., 2000; 

Tugade & Fredrickson, 2004). Speech tasks have been shown to cause heart period decreases via 

sympathetic activation and vagal withdrawal (Berntson et al., 1994; Cyranowski et al., 2011). 

Furthermore, this task has been identified as a reliable elicitor of subjective anxiety 

(Frederickson et al., 2000; Heinrichs et al., 2003) and HPA activation (Bassett, Marshall, & 
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Spillane, 1987). These effects are owed largely to the speech preparation task’s status as a threat 

to social identity (Dickerson & Kemeny, 2004).  This stressor was chosen for the present study 

because it is argued that the inclusion of speech tasks with more standard psychophysiological 

stressors improves a study’s ecological validity (Kirschbaum et al., 1993; Bassett, Marshall, & 

Spillane, 1987). 

The third psychological stressor was a verbal fluency task. This task requires one to 

report as many words as possible that fit a certain category (e.g. words that start with F), within a 

given time constraint (Williamson & Harrison, 2003). Verbal fluency is a measure of cognitive 

performance that is thought to reflect executive functioning (Ardila, Rosselli, & Puente, 1994). 

Verbal fluency also relates to frontal lobe activity, as indicated by a loss of verbal fluency after 

frontal lobe lesion (Perret, 1974) and by significant BOLD increases in frontal areas during 

verbal fluency tasks among normal subjects (Phelps et al., 1997). Given the role of frontal lobe 

functioning in self-regulation (Thayer & Lane, 2000), assessing reactivity to and performance on 

a verbal fluency task is fitting for the present study.  Additionally, verbal fluency was chosen 

because, compared to the other tasks, it represents a more prototypical challenge (i.e. low threat). 

The impact of stressors often depends on whether they are construed as a challenge or 

threat (Lazarus & Folkman, 1984; Blasovich & Tomaka, 1996).  When an organism has enough 

skills or energy to meet task demands, then the task tends to be perceived as a challenge. 

(Tomaka et al., 1993; Blascovich & Mendes, 2000).  Alternatively, when an organism’s 

resources to deal with the task are exceeded by the task demands, the event is construed as a 

threat. Unlike challenge, this appraisal often yields increases in negative affect (Blascovich & 

Tomaka, 1996). Also, each construal produces a distinct pattern of cardiovascular activation with 

threat eliciting an inadequate response to deal with the stressor (Blascovich & Mendes, 2000):  
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smaller cardiac output increases coupled with vasoconstriction (Tomaka et al., 1993; Blascovich 

& Tomaka, 1996). Including tasks that vary in their potential to elicit a threat response may 

provide a more holistic picture of how autonomic control is differentiated along the dimensions 

of ER and EC. For instance, only employing a stressor that elicits a challenge or low threat 

appraisal may not as meaningfully discriminate persons in terms of emotion regulation ability, 

which is a core feature of both ER and EC (Block & Kremen, 1996; Rothbart & Bates, 1988). 

The three psychological stressors were chosen to vary along a continuum of threat with speech 

preparation and verbal fluency at the high and low ends, respectively. 

HF HRV was measured to index parasympathetic influence on the heart’s chronotropic 

properties (i.e. factors influencing HR) (Uijtdehaage & Thayer, 2000). Pre-ejection period (PEP), 

or the time between ventricular depolarization and the opening of the aorta, was one measure 

used to operationalize cardiac sympathetic activation. Also, left ventricular ejection time 

(LVET), the time between the opening and closing of the aortic valve, was also used to reflect 

cardiac sympathetic activity (Stafford, Harris, & Weissler, 1970). Both of these measures were 

used because there is no clearly supported index of sympathetic influence on the heart's 

chorontropic, or time-based, properties. In fact, both measures have been conceived as indicators 

of cardiac inotropic activity, or the contractile properties of the heart. Inotropic influence is 

suggested to primarily result from beta-adrenergic sympathetic activation (Sherwood, 1990).  

However, LVET’s status as a sympathetic chronotropic index is supported by its strong negative 

correlation with heart rate, partialling out RSA (Uijtdehaage & Thayer, 2000). Furthermore, 

LVET, in addition to RSA and HR, was shown to load on a specific factor that is distinct from 

inotropic activity, suggesting that LVET is a valid chronotropic index (Thayer & Uijtdehaage, 

1990).  
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Autonomic control of cardiac responses has been estimated by entering physiological 

variables into multiple regression models (Friedman et al., 1993) Specifically, IBI or HR has 

typically been entered as an outcome variable, with HRV and indicators of sympathetic activity 

(LF HRV, LVET) entered as predictors of cardiac chrontropy (Uijtdehaage & Thayer, 2000). 

High values for specific regression coefficients can thus allow one to estimate levels of 

autonomic regulation of task-related IBI.  

Data aggregation.  Individual differences reflected in traits are thought to be best 

captured by measuring functioning across varied situations (Nesselroade, 1990). Stable 

characteristics in cardiovascular functioning have been studied by aggregating physiological 

values across tasks that vary in their level of parasympathetic and sympathetic activation 

(Manuck, 1994). Differences in the patterns of autonomic control between panickers and controls 

were assessed by incorporating this pooled cross-sectional analysis (Friedman et al., 1993; 

Friedman & Thayer, 1998).  Since the present study focuses on traits relating to self-regulation, 

as expressed physiologically in ANS parameters and behaviorally in EC and ER, the present 

study additionally included trait-like measures of autonomic control for each person by 

aggregating each cardiac variable across stressors. 

Hypotheses. 

1) Persons high in ER were predicted to have greater resting vagal activity relative to 

individuals low in ER. Likewise, it was hypothesized that individuals scoring high on 

EC will have higher resting vagal activation than persons scoring lower on EC. Thus, 

ER and EC were expected to show positive correlations with baseline HF HRV. 

2) Compared to individuals scoring lower on the dimension, persons high in ER were 

expected to have greater vagal control over IBI changes during stress. Specifically, 
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ER was hypothesized to moderate the relationship between changes in IBI and 

changes in HF HRV from baseline to stress, so that as ER increases, changes in HF 

HRV more heavily relate to concurrent IBI changes. 

3) ER was expected to moderate the extent to which vagal changes explain IBI increases 

during recovery from stress. Relative to people low on ER, HF HRV changes during 

recovery were predicted to explain more variance in contemporaneous mean IBI 

changes for those scoring high on this dimension.   

4) Persons low in ER were hypothesized to have greater sympathetic control over IBI 

changes during stress compared to those who score higher on ER. Statistically, ER 

was predicted to moderate the relationship between IBI reactivity and LVET 

reactivity and between IBI and PEP change. For every unit increase in ER, LVET or 

PEP changes from baseline to task were expected to account for significantly less 

variance in concurrent IBI changes. 

5) High EC was also expected to relate to stronger cardiac vagal regulation during and 

following stress. For reactivity and recovery, it was hypothesized that HF HRV will 

explain more variance in IBI changes for persons high in EC compared to individuals 

scoring lower on this dimension.  

6) Higher scores on ER and EC were each expected to relate to higher verbal fluency 

scores (# total words given excluding repetitions). 

7) The discriminant validity of ER and EC were explored by observing their relation to 

vagal control and sympathetic control. In other words, the moderation effects (i.e. 

interaction terms' regression coefficients) for each of the traits were contrasted to 

determine which construct better differentiates cardiac autonomic regulation. 
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METHOD 

Subjects  

Subjects consisted of 84 undergraduate volunteers who had a mean age of 19.63 (SD = 

1.78). Sixteen subjects were excluded due to failure of physiological recording equipment. The 

gender make-up of the sample was 40 women and 44 men. They were recruited using Virginia 

Tech Psychology Department’s SONA online research system.  They were asked to complete a 

health history questionnaire (Appendix C) upon arrival to the laboratory. Those reporting any 

cardiovascular or psychological disorders were excluded from the study. If subjects were 

students in an introductory psychology course, they were awarded one point extra credit for 

participating. All subjects were instructed to abstain from alcohol for 24 hours, caffeine for 12 

hours, food for 2 hours, and vigorous exercise for 2 hours before the study session. Based on 

G*Power software’s analysis, ability to attain a medium effect size (.3) for the overall r-squared 

in a multiple regression model with a .8 power value requires 92 participants.  

Measures 

Screening questionnaires.  Before subjects were attached to electrophysiological 

equipment and before autonomic data are collected, the following questionnaires were 

administered: 

Health History Questionnaire: collected information about health issues that could potentially 

threaten the validity of statistical conclusions about hypothesized relationships (Appendix C). 

Mind-Body Laboratory Recent Health History Questionnaire: collected information about recent 

alcohol and caffeine consumption, along with recent exercise. This questionnaire allowed 

experimenters to validate whether subjects followed the abstainment recommendations outlined 

above (Appendix D). 
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 Ego-resiliency.  ER was measured using Block’s Ego-Resiliency Scale (ER89). This 

self-report questionnaire instructed subjects to respond to its 14 items with a 4-point Likert 

rating. Subjects who completed this scale at age 18 and again at 23 showed test-retest reliabilities 

of .67 for women and .57 for men (Block & Kremen, 1996).  Additionally, the internal 

consistency of the scale was shown to be quite high, as indicated by a Cronbach’s alpha of .76 at 

both 18 and 23 years old (Block & Kremen, 1996). In the same study, convergent validity of the 

ER89 scale is supported by its relationship to Q-sort items relating to stress resistance and 

emotion regulation. Preference for administering this scale in the present study was bolstered by 

its use in Tugade and Fredrickson’s (2004) study.   

Effortful control.  Collectively known as the ATQ-S-EC, scales from the short form of 

the Adult Temperament Questionnaire (Derryberry & Rothbart, 1988) that separately measure 

attention focusing, inhibitory control, and activation control were employed to assess EC. 

Exploratory factor analyses indicate that these three scales saliently load on an EC factor that is 

significantly unrelated to other aspects of adult temperament, such as negative affect and 

orienting sensitivity (Evans & Rothbart, 2007; Rothbart, Ahadi, & Evans, 2000). Specifically, 

items measuring attention focusing describe one’s ability to modulate and focus attention. 

Inhibitory control and activation control assess the ability to subdue approach-related motives 

and to initiate and sustain desired but aversive behaviors (e.g. paying bills, exercising), 

respectively (Rothbart, Ahadi, & Evans, 2000; Skowron & Kendy, 2004).  These scales were 

shown to have acceptable internal consistency with alphas that range from .65 to .90 (Evans & 

Rothbart, 2007).  There is a large correlation between the short and long form’s EC factor scores, 

(Rothbart, 2001).  Individual items consisted of subjects rating each given statement on a 7-point 

Likert scale to indicate how true it is of him or her, with 7 being extremely true and 1 being 
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extremely untrue. Items were then averaged to yield an EC score, with higher values indicating 

more EC.   

Emotion report.  Experienced emotions during the stressors were assessed using a 

retrospective self-report emotion questionnaire (Tugade & Fredrickson, 2004). Subjects rated 14 

emotions on a 9-point Likert scale to indicate the extent to which each emotion was experienced 

during 6 time periods: directly after all 3 baseline measures to indicate experienced emotion 

during baselines and after all 3 recovery periods to retrospectively measure experienced emotion 

during each stressor. This scale was completed for each of these periods to assess changes in 

emotion from baseline to task. Emotions included afraid, amused, angry, anxious, content, 

disappointed, disgusted, eager, excited, frustrated, happy, interested, surprised, and sad. 

  Physiological measures.  Electrocardiogram (ECG) and impedance cardiography (ICG) 

were employed in this study. Interbeat intervals (distance between two consecutive R-spikes) and 

heart rate variability (HRV) were derived from the ECG signal. Spectral analysis of the ECG 

signal was completed to yield variability in the high frequency band that corresponds to 

respiration (.12-.4). Specifically, a Fast-Fourier Transform function was applied to the IBI time 

series to derive power (ms
2
) in this spectrum, which was then transformed with natural 

logarithm. This measure served as an indicator of vagal activity.  Left ventricular ejection time 

(LVET) and pre-ejection period (PEP) were derived from the ICG (Sherwood et al., 1990) to 

indicate inotropic sympathetic activity. In general, lower values of PEP and LVET each reflect 

heightened sympathetic activation (Sherwood, 1990; Thayer & Uijtdehaage, 1990). 

Both ECG and ICG were collected with CONMED disposable, pre-gelled stress-testing 

electrodes. ECG will be measured by placing two electrodes on the thorax. ICG required the 
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placement of four electrodes, including two which should be 25-35 cm apart on the spine of each 

subject’s back. For exact placement of ECG and ICG leads, see Appendix E.  

Both ICG and ECG signals were amplified and then integrated as analog data before 

reaching a Macintosh computer in the adjacent laboratory room. The ECG signal were amplified 

through the ECG 100C system (BIOPAC Systems Inc, Goleta, CA), and the EBI 100C system 

(BIOPAC Systems Inc, Goleta, CA) amplified he ICG signal. Subsequently, these signals were 

routed to the MP150 interface (BIOPAC Systems Inc, Goleta, CA) to be digitally sampled (at 

1000 Hz) and then sent to the computer which recorded physiological data using Biopac 

Acqknowledge 4.1 (BIOPAC Systems Inc, Goleta, CA). This software was employed in effort to 

detect and remove movement artifact. Spectral analyses to compute HRV were conducted with 

Kubios software. 

Experimental Tasks 

Mental arithmetic.  A modified version of the three-minute paced auditory serial 

addition test (PASAT) was employed as a mental arithmetic stressor (Gronwall, 1977). Subjects 

saw a series of numbers that were presented in three-second intervals. Subjects were instructed to 

subtract each number from the preceding value or difference and to type their answers on the 

computer screen. Subjects were reminded not to say answers aloud or count on their fingers. 

Feedback was not given for each answer after it was entered. Thus, errors resulting from 

previous wrong calculations were avoided by software modification of expected responses to 

match subtractions from each previous entered value, irrespective of the previous difference’s 

accuracy. This task was scripted and presented on a PC using DMDX software. 

Speech preparation.  Subjects were given three minutes to mentally prepare a speech 

regarding their personal strengths and weaknesses (van Eck et al., 1996). Based on the procedure 
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used by Tugade & Fredrickson (2004), subjects were be told that each speech was to be recorded 

in front of a video camera for later evaluation by a team of Virginia Tech psychologists. After 

the preparation, however, subjects were actually not required to deliver any speech and instead 

progressed to the next stage of the study. Additionally, subjects were instructed to remain as still 

as possible and not to talk during the preparation. Subjects were permitted to write ideas on 

blank paper using a pencil. 

Verbal fluency.  The Controlled Oral Word Association Test (COWAT) assessed 

number of words that began with three designated letters (F, S, and T) in separate trials. Subject 

were told to produce as many words as possible per each trial. The letters F, S, and T were 

chosen because they usually produce the same number of responses in a given time period 

(Everhart, 1997). Performance was measured by the total number of responses, excluding proper 

names, numbers, and variants of previously listed words. Responses were written on a blank 

sheet of paper with instructions to start on the next letter being presented at a one-minute time 

interval, thereby creating a three-minute task. 

Procedure 

 Upon arrival to the laboratory, subjects were given a brief oral summary of the study and 

the recording apparatus. Each subject filled out an informed consent form to indicate 

understanding of the protocol and his or her agreement to participate in the study.  Next, the 

researcher or research assistant applied electrodes to the subject’s skin and connected the ICG 

and ECG leads to the appropriate areas (Appendix E). After the experimenter exited the room, 

the subjects completed the Health History Questionnaire (Appendix C), the Mind-Body 

Laboratory Recent Health History Questionnaire (Appendix D), the ER89 Scale, and the EC 
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scales of the Adult Temperament Questionnaire. Order of questionnaire completion was 

counterbalanced, so that each order was experienced by an equal number of subjects.  

 From the beginning of physiological recording setup and the end of questionnaire 

completion, subjects had approximately 20 minutes to acclimate to the experimental setting. 

After completion of self-report questionnaires, the experimenter informed the subject that he or 

she was to complete a series of tasks that were to appear on and be prompted by a computer. 

Also, the subject was informed that he or she would be retrospectively reporting emotions about 

each task. The experimenter then exited the room and allowed all further instructions and stimuli 

to be provided to the subject by a computer presentation that was powered by DMDX software.  

Next, PEP, LVET, IBI, and HF HRV were collected continuously while subjects were seated and 

consecutively experienced baseline, task, and recovery periods for each stressor: mental 

arithmetic (MA), speech preparation (SP), and verbal fluency (VF).  

  A three-minute vanilla baseline was collected before each stressor. Vanilla baseline tasks 

are more engaging and standardized that traditional baseline tasks, and are thus argued to 

promote higher cardiovascular stability (Jennings et al., 1992).  Each vanilla baseline consisted  

of viewing a computer-based slideshow that contained International Affective Picture System 

(IAPS) images rated moderate in valence and low in arousal (Lang, Bradley, & Cuthbert, 2001).   

  After baseline data were collected, emotion reports were filled out retrospectively to 

measure baseline emotions.  The subjects then consecutively engaged in the three-minute 

laboratory stressors with the order of these stressors being counterbalanced across subjects so 

that one of six task orders was randomly experienced by participants: (SP, MA, VF); (SP, VF, 

MA); (VF, SP, MA); (VF, MA, SP.); (VF, SP, MA). Following presentation of instructions for 

each stressor, there was a 10-second delay and a blank screen. After participating in the stressor 
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task, he or she experienced a three-minute vanilla recovery, which was comprised of IAPS 

images rated neutral in valence and arousal. Then, each participant gave a retrospective emotion 

report about the preceding experience of the stressor. Note that during the SP task, subjects were 

asked to deliver a speech at the end of the study.  Informing subjects at the end of the study about 

no requirement to give a speech likely prevented carryover effects of deception on task-related 

cardiovascular variables. 

The experimenter entered the room to disconnect the subject from electrophysiological 

equipment and debriefed him or her about the study’s hypothesis and rationale for using 

deception. Furthermore, each subject was given the chance to ask questions about the study. The 

subject was then thanked for his or her time and was informed that he or she is free to leave.  

Data Analysis  

Task effects.  In order to reflect task effects on all cardiac measures, change scores were 

computed by subtracting task values from their corresponding baseline values. Similarly, 

recovery from stressors was reflected by difference scores that subtract recovery from baseline 

values on each cardiovascular measure. Next, physiological reactivity scores were pooled across 

the three tasks by first standardizing each stressor's difference score and by then averaging these 

data across tasks, producing values for each variable that are assumed to reflect a person's cross-

situational patterns of reactivity. Individuals' recovery on each physiological variable was 

calculated with the same pooled time-series approach.  

In order to validate whether the tasks elicited cardiovascular activation as expected, a 

repeated measures multivariate analysis of variance (MANOVA) was used to test whether there 

are significant differences in IBI, HF HRV, PEP, and LVET between baseline, task, and 

recovery periods for each stressor. For all three stressors, IBI, HF HRV, PEP, and LVET were 
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expected to each be significantly higher during baseline and recovery compared to the 

corresponding values of variables during the task.  MANOVA was employed to test whether all 

of the physiological variables, as a set, significantly change across baseline, task, and recovery. 

Further, MANOVA is a suitable method because it allows one to adjust for violations of 

sphericity that can occur in within-subjects designs that include many pairwise comparisons. 

Thus, MANOVA can help prevent inflations of the Type I error rate that typically occur with a 

univariate approach (Vasey & Thayer, 1987). After interpreting MAVOVA results, more specific 

task changes in each physiological measure were assessed by conducting a series of ANOVAs on 

IBI, HF HRV, PEP, and LVET, separately. Directional differences between tasks were then 

explored using pairwise t-test contrasts. To correct for Type I error inflation when conducting 

multiple comparisons, each contrast's p-value was adjusted to be more conservative using the 

Bonferroni correction (Keppel, 1991). Specifically, each comparison's p-value was divided by 

the number of total contrasts.  

Mean ratings of each emotion on the emotion reports were calculated. In order to validate 

that the tasks elicit changes in anxiety, distress, happiness, and contentment, a repeated measures 

MANOVA was employed. To address change in each emotion, separately, repeated measure 

ANOVAs and pairwise t-tests were conducted comparing mean values of emotion between 

baseline and tasks for each stressor. Specifically, for each stressor, anxiety and distress were 

expected be higher during the tasks than during baseline and recovery periods. Happiness and 

contentment were expected to be lower during the tasks for each stressor. 

Autonomic characteristics of ER and EC.  It was predicted that those higher in ER 

have increased resting vagal activity. This hypothesis was tested by computing a Pearson-
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product-moment correlation coefficient between baseline HF HRV and ER. The expected 

positive link between EC and vagal tone was also assessed with a Person correlation coefficient.  

Relative to high-scorers on ER, low-scorers’ vagal tone changes were predicted to 

explain less variance in IBI changes between experimental periods, while changes in sympathetic 

tone were hypothesized to explain more variance in heart period modulation between tasks. A 

multiple regression equation was computed to test whether ER moderates the extent to which IBI 

changes from baseline to task are explained by corresponding sympathetic index and HF HRV 

changes, across all tasks. Use of multiple regression analyses was based on prior studies 

attempting to predict heart rate from various sympathetic and parasympathetic indices (Levy and 

Zieske, 1969; Friedman et al., 1993). Reactivity scores for PEP and HF HRV, in addition to ER 

were used to predict IBI reactivity for each stressor. Also, an interaction term between PEP 

change and ER and another interaction between HF HRV change and ER were included as 

predictors. Three separate equations were generated for mental arithmetic (MA), verbal fluency 

(VF), and speech preparation (SP) to assess how ER moderated autonomic control of IBI 

reactivity for each task. Pooled values for the physiological measures were also used in a 

separate analysis to assess if ER moderated autonomic control across all tasks. The equation took 

the following form: 

Predicted IBI change = b0 + (PEPch)b1 + (HF HRVch)b2 + (ER)b3 + (PEPch*ER)b4  

+ (HF HRVch*ER)b5  

 The effect of ER on the relationship between cardiovascular measures’ changes from 

tasks to recovery was also tested. In this case, the multiple regression equation had the same 

general form as the one above; however, recovery scores in PEP, HF HRV, and IBI were instead 

used. Interaction terms were modified accordingly. Further, all previously discussed regression 
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models were re-tested by replacing PEP with LVET (b1 and b4), since a clear sympathetic 

measure of chronotropic control has not been identified. These new equations simply tested the 

same moderational hypotheses with a different operationalization of sympathetic activity. 

To test the whether autonomic control is differentiated meaningfully by EC, multiple 

regression was again used. The regression equations for each stressor contained a term for the 

interaction between PEP/LVET and EC and another for the interaction between HF HRV and 

EC. Another equation used pooled values to test EC's physiological regulation across different 

situations The equation took the general form that appears below: 

Predicted IBI change = b0 + (PEPch)b1 + (HF HRVch)b2 + (EC)b3 + (PEPch*EC)b4  

+ (HF HRVch*EC)b5  

As was the case for testing EC's moderational influence, there were separate equations for 

task reactivity and recovery. Also, all models were again tested with LVET as the sympathetic 

index.  

Performance.  Performance on the verbal fluency (i.e. number of words) was correlated 

with EF and EC. Positive Pearson product-moment correlations were expected.  

Ethical Considerations 

Physiological data were stored on a computer to which only Mind-Body Laboratory 

members have access, while questionnaire data are stored in a locked file cabinet in the Mind-

Body Lab (Williams 253 on Virginia Tech campus). In addition, data were saved without any 

personally identifying information, and only Mind-Body Lab members handled and viewed the 

data. These procedures were used to help ensure the privacy of subjects’ personal information.  

Mild deception related to the speech preparation was employed in this study. Historically, 

psychological research’s use of deception has been criticized on grounds of causing unnecessary 
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harm to participants (Smith & Richardson, 1983). APA standards related to adequate informing 

and to constraints on causing harm (APA, 1973) only strengthen this controversy.  After data 

were collected, all subjects were informed about the research hypothesis and the practical 

reasons for using this design feature. Lastly, each subjects signed a form after being debriefed 

about deception, to verify continued consent regarding the use of their data. 

RESULTS 

Task Effects 

 Changes in physiological measures were analyzed with a 3 X 3 repeated measures 

MANOVA on IBI, HF HRV, PEP, and LVET as dependent measures. From this point, HRV will 

be used to signify HF HRV. Stressor (mental arithmetic, verbal fluency, speech preparation) and 

Task (baseline, task, recovery) were within-subjects factors. There was a significant main effect 

of Task on physiological variables, as a set, Pillai's Trace = .354, F(8, 76) = 5.21, p < .0001. 

Distinct 3 x 3 repeated measures ANOVAs were conducted on each physiological variable, using 

Stressor (mental arithmetic, verbal fluency, speech preparation) and Task (baseline, task, 

recovery) as within-subjects factors. The analysis revealed a significant main effect of Task on 

IBI, F(1.86, 154.18) = 14.83, p < .0001. The degrees of freedom for this F-statistic were adjusted 

using the Greenhouse-Geisser estimate of sphericity (e = .736), as Mauchly's test indicated that 

sphericity was violated for the effect of Task on IBI, X
2 
(2)= 36.36, p < .00001. Specifically, 

across all stressors, IBI significantly decreased from baseline (M = 796.73, SD =107.09) to task 

(M = 777.44, SD = 99.61), t(83) = 4.4, p < .0001. IBI also significantly increased from task to 

recovery (M = 794.75, SD = 104.55), t(83) = 3.85, p = .001.  

 Analyses also revealed a significant main effect of Task on HRV, F(1.81, 150.57) = 

21.49 p < .00001. Mauchly's test indicated non-sphericity for this effect, X
2 
(2)= 8.86, p = .012. 
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Thus, the above F-statistic reflects adjustments made with with the Greenhouse-Geisser 

correction (e = .907). As expected, HRV decreased from baseline (M = 6.476, SD = 1.1) to task 

(M = 6.201, SD = 1.04), t(83) = 5.21, p < .00001. HRV also increased from task to recovery (M = 

6.476, SD = 1.07), t(83) = 5.39, p < .00001. However, there were no significant differences 

between baseline, task, and recovery periods for PEP, F(2, 166) = .966, p = .383 or for LVET, 

F(2, 166) = .007, p = .993.  

 There was also a significant interaction between Stressor and Task on IBI,  F(3.44, 

285.38) = 13.21, p < .00001. This F-value was adjusted with the Greenhouse-Geisser correction 

(e = .860), to account for non-sphericity indicated by Mauchly's Test,  X
2 
(9)= 24.33, p = .004. 

The pattern of IBI changes across tasks changed depending on the stressor, as seen in Figure 1. 

During MA, IBI did not differ between baseline (M = 802.25, SD = 108.37) and task (M = 

794.84, SD = 109.22), t(83) = 1.63, p = .323, or between task and recovery (M = 793.62, SD = 

106.4),  t(83) = .247, p = .999). During VF, baseline IBI (M = 795.78, SD = 112.0) was not 

significantly different from values during the task (M = 785.8, SD = 100.79), t(83) = 1.89, p = 

.183. Nonetheless, VF recovery (M = 797.24, SD = 108.85) showed a marginally significant IBI 

increase from the task, t(83) = 2.4, p = .057. For SP, there was a significant decline in IBI 

between baseline (M = 792.18, SD = 109.53) and task (M = 751.67, SD = 103.04), t(83) = 5.1, p 

< .0001 , and a significant IBI increase from task to recovery (M = 793.4, SD = 106.05), t(83) = 

5.47, p < .0001. Descriptive statistics for each task's mean IBI are presented in Table 1.  

 Analyses indicated a significant interaction between Stressor and Task on HRV, as well, 

F(4, 332) = 13.21, p = .007. The pattern of task-related HRV changes retained the same direction 

across stressors, but the magnitude of these task differences changed across MA, VF, and SP. 

These trends are indicated in Figure 2. During MA, HRV decreased from baseline (M = 6.57, SD 
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= 1.12) to task (M = 6.29, SD = 1.13, t(83) = 4.04, p = .0004, while the increase from task to 

recovery (M = 6.44, SD = 1.07) approached significance, t(83) = 2.4, p = .059. For VF, HRV 

during baseline (M = 6.48, SD = 1.18) was significantly larger than that of the task period (M = 

6.25, SD = 1.1), t(83) = 2.97, p = .011, and HRV during recovery (M = 6.46, SD = 1.19) was 

significantly increased compared to the task, t(83) =  2.75, p = .023. SP, on the other hand, 

showed the largest differences in HRV between tasks. HRV decreased significantly from 

baseline (M = 6.38, SD = 1.16) to task (M = 6.06, SD = 1.12), t(83) = 3.86, p = .001, while HRV 

increased from task to recovery (M = 6.53, SD = 1.16), t(83) = 5.12, p < .00001.  Descriptive 

statistics for HRV values during these tasks also appear in Table 2. 

 The interaction between Speech and Stressor was nonsignificant for PEP, F(4, 332) = 

.966, p = .383, and for LVET, F(4, 332) = .007, p = .993. In fact, PEP and LVET did not 

significantly differ between baseline, task, and recovery periods for any of the stressors. Mean 

PEP and LVET values, along with their standard deviations can be found in Tables 3 and 4, 

respectively. 

Emotion Effects 

 To validate that the stressors increased negative emotion and decreased positive emotion, 

self-reported anxiety, frustration, happiness, and content were entered into a 3 X 2 repeated 

measures MANOVA as dependent measures. The two within-subjects factors were Stressor 

(mental arithmetic, verbal fluency, speech preparation) and Task (baseline, task). There was a 

significant main effect of Task on emotions, as a set, Pillai's Trace = .393, F(4, 80) = 12.94, p < 

.00001.  

 A series of 3 (Stressor: mental arithmetic, verbal fluency, speech preparation) X 2 (Task: 

Baseline, Task) repeated measures ANOVA were then conducted on each emotion separately. 
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Analyses revealed a significant main effect of Task on anxiety, F(1, 83) = 36.43, p < .00001, and 

of Task on frustration. Anxiety significantly increased from baseline (M= 1.82, SD = 1.53) to 

task (M = 2.79, SD = 1.79) across all stressors, t(83) = 6.04, p < .00001, while frustration also 

significantly increased from baseline (M = .976, SD = 1.37) to task (M = 1.72, SD = 1.44), t(83) 

= 4.77, p < .00001. The main effect of Task on happiness approached significance, F(1, 83) = 

3.188, p = .078, in which happiness tended to decrease from baseline (M = 2.08, SD = 1.79) to 

task (M = 1.86, SD = 1.68), t(83) = 1.78, p = .078. There was a significant main effect of Task on 

contentment, also, F(1, 83) = 29.74, p < .00001. Specifically, contentment was lower during the 

task (M = 2.67, SD = 1.80) than the baseline (M = 3.46, SD = 1.99).  

  Also, the main effect of Task on anxiety was moderated by Stressor, F(2, 66) = 3.08, p = 

.049, so that anxiety's increase from baseline was diminished for VF compared to corresponding 

changes during MA and SP. These trends in anxiety can be seen in Figure 3. The effect of Task 

on frustration was moderated by Stressor, F(2, 166) = 25.56, p < .00001.  As seen in Figure 4, 

task levels of frustration were significantly different from baseline values for MA only.  A 

significant interaction between Task and Stressor, F(2, 166) = 4.89, p =.004, revealed that there 

were decreases in contentment from baseline to task for all tasks except VF. Changes in 

contentment for each stressor are found in Figure 5. 

Baseline Vagal Activity 

 To test the hypothesis that high ER and high EC are each related to greater resting vagal 

activity, Pearson product moment correlations were conducted between ER and mean baseline 

HF HRV, as were correlations between ER and each stressor's baseline HF HRV.  Correlations 

between these physiological variables and EC were also calculated. ER was shown to not be 

related to any baseline levels of HF HRV. See Table 5 for these correlations. 
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 EC was significantly correlated with HF HRV averaged across each stressor's respective 

baseline, r = .218, p = .046. EC also showed significant correlations with baseline HF HRV prior 

to MA, r = .225, p = .040, and baseline HF HRV before SP, r  = .243, p = .026. 

Ego-Resiliency and Autonomic Control  

 In order to test whether ER moderates autonomic control of IBI changes from baseline to 

task, ER, HF HRV reactivity, PEP/LVET reactivity, the interaction of ER with HF HRV change , 

and the interaction of ER with PEP/LVET reactivity were entered into multiple regression 

equation to predict IBI reactivity. Note that there were distinct equations for MA, SP, and VF, in 

order to test the moderational influence of ER for each stressor separately. Descriptive statistics 

for reactivity and recovery scores are located in Table 6 and Table 7, respectively. 

 Reactivity. 

 Mental arithmetic.  For MA, the overall model was significant F (5, 78) = 4.64, p = .001, 

but ER did not moderate the relationship between HF HRV and IBI change, β = -.055, t(78) =  

-.540, p = .591. Also, ER did not significantly moderate the relation between PEP and IBI 

change,  β = .007, t(78) = .066, p = .947, for MA. The alternative equation using LVET as an 

operationalization of sympathetic control was tested with the same interaction terms to predict 

IBI reactivity for the MA stressor.  Although the model explained a significant proportion of 

variance in IBI, F (5, 78) = 3.75, p = .004, the interaction between ER and HRV reactivity was 

not significant, β = -.067, t(78) = -.600, p = .55 and the interaction between ER and LVET 

reactivity was not significant,  β = .016, t(78) = .140, p = .889. Regression coefficients for 

interaction terms in all ER regression analyses, whether significant or non-significant, are 

presented in Table 8. 
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 Verbal fluency.  The model testing autonomic control of VF's IBI reactivity was 

significant, F(5, 78) = 2.399, p = .045. ER did not modulate HRV's relation to IBI, β = -.155, 

t(78) = -1.41, p = .164, and did not differentiate PEP's relation to IBI, β = .149, t(78) = 1.37, p = 

.176. The alternative model containing LVET was significant, F (5, 78) = 3.89, p = .003. 

Although ER did not significantly moderate autonomic control for VF, β = -.136, t(78) = -1.25, p 

= .216, the interaction between ER and LVET was marginally significant, β = .187, t(78) = 1.7, p 

= .094. This interaction was probed by testing the simple slopes of LVET on IBI at the mean of 

ER and at one SD above and one SD below the mean of ER.  At low levels of ER, the relation 

between IBI and LVET change was not different from 0, β = .152, t(78) = 1.06, p = .293; 

however, LVET change was positively related to IBI reactivity at the mean of ER,  β = .364, 

t(78) = 3.46, p = .001. At higher levels of ER, the positive relation between LVET and IBI 

change during VF was even larger, β = .575, t(78) = 3.19, p = .002. Once again, coefficients for 

these analyses are in Table 8. 

 Speech preparation. The model employing PEP as a sympathetic index in the prediction 

of IBI reactivity during SP was significant, F(5, 78) = 4.56, p = .001, as was the model 

employing LVET, F(5, 78) = 6.38, p < .0001. In both equations, the interaction between ER and 

HRV was not different from 0, β = .054, t(78) = .516, p = .607 and  β = -.013, t(78) = -.128, p = 

.899 for PEP and LVET models, respectively. In addition, ER did not significantly moderate 

IBI's relation to PEP, β = .128, t(78) = 1.21, p = .229 or it's relation to LVET, β = .138, t(78) = 

1.43, p = .156. 

 Recovery. The moderational role of ER in the autonomic control of IBI changes from 

task to recovery was tested by entering HF HRV recovery, PEP/LVET recovery, the interaction 

of ER with HF HRV change, and the interaction of ER with PEP/LVET change into a multiple 
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regression equation to predict IBI reactivity. Once again, there were distinct equations for MA, 

SP, and VF, in order to test how ER differentiates physiology for each stressor. Specific 

regression coefficients for interaction effects are in Table 8. 

 Mental arithmetic.  For MA, the PEP model explained a significant proportion of 

variance in IBI recovery, F(5, 78) =  3.03, p = .015, and the LVET model did a good job at 

explaining IBI recovery, as well, F(5, 78) = 3.29, p = .009. However, ER did not modulate the 

relation between HRV and IBI change for the PEP model or for the LVET model. The relation 

between PEP and IBI recovery was not moderated by ER.  Further, the interaction between 

LVET and ER was non-significant. Please refer to Table 8 for these effects' corresponding 

regression coefficients. 

 Verbal fluency.  The VF recovery models using PEP and LVET were significant, F(5, 

78) = 3.53, p = .006 and  F(5, 78) = 4.26, p = .002, respectively. In the equation using PEP, the 

interaction between ER and HRV recovery was not significant, as was the interaction between 

these two variables in the alternative equation.  Also, ER did not differentiate PEP or LVET's 

regulation of IBI recovery after VF. Coefficients for the subsequent interaction terms are found 

in Table 8. In other terms, the relations of IBI recovery with changes in autonomic indices 

following VF did not change at different values of ER.  

 Speech preparation.  Based on the analyses below, ER did moderate autonomic indices' 

relation to IBI recovery following SP. The first model testing ER as a moderator for recovery 

following SP approached significance, F(5, 78) = 2.09, p = .075, while the alternative model 

employing LVET was significant, F(5, 78) =  3.77, p = .004. In both models, the relationship 

between HRV and IBI reactivity did not change depending on levels of ER, β = -.054, t(78) = -

.504, p = .616 and β = -.075, t(78) = -.723, p = .472. Additionally, the interaction between ER 
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and PEP change was not different from 0, β = .096, t(78) = .889, p = .377, and the interaction 

between LVET and ER was also non-significant, β = .029, t(78) = .283, p = .778.  

 Pooled-time series regressions.  Reactivity and recovery scores for IBI, HRV, PEP, and 

LVET were standardized and then averaged across stressors to yield values reflecting cross-

situational reactivity and recovery for each physiological variable. These new variables were 

then entered into a multiple regression equation of the same form that was used in the above 

regression analyses. These models tested whether ER moderated autonomic control of IBI 

changes across various contexts, with separate models using PEP and LVET to indicate 

sympathetic cardiac activation.  IBI recovery, across all stressors, was significantly predicted by 

the model including the interaction between PEP and ER and the interaction between HRV and 

ER, F(5, 78) = 4.02, p = .003. The interaction between ER and HF HRV was significant, β =       

-.232,  t(78) = -2.15, p = .034. Specifically, at one SD below the mean of ER, the relation 

between HRV and IBI was positive and significant, β = .529, t(78) = 3.25, p = .002. At the mean 

of ER, there was a positive but less strong association between HRV and IBI recovery, β = .370, 

t(78) = 2.96, p = .004, and the relation between these variables was not significant at one SD 

above the mean of ER, β = -.088, t(78) = -.836, p = .406. Plots of these simple slopes can be 

found in Figure 6. In sum, for every unit increase in ER, the association between HRV and IBI 

recovery scores becomes smaller. 

 The interaction between ER and PEP recovery was also significant, β = .232, t(78) = 

2.19, p = .031. This interaction was probed at one SD below and above the mean, with these 

being graphically depicted in Figure 7. At low values of ER, there was not a significant relation 

between IBI and PEP change, β = -.093, t(78) = -.552, p = .582. However, there was a significant 

and positive association between these variables at the mean of ER, β = .319, t(78) = 3.14, p = 
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.002. At high values of ER, the relation between PEP and IBI recovery increased, β = .472, t(78) 

= 2.96, p = .004. ER interactions for LVET recovery and for reactivity models were not 

significant. Regression weights for null effects can be found in Table 8. 

Effortful Control and Autonomic Control 

 Reactivity.  The following variables were entered into multiple regression equation to 

test the extent to which EC moderates autonomic regulation of IBI changes from baseline to task: 

EC, HF HRV reactivity, PEP/LVET reactivity, the interaction of EC with HF HRV change, the 

interaction of EC with PEP/LVET, and IBI. Note that there are distinct equations for MA, SP, 

and VF, in order to test EC's ability to moderate physiological relationships for each stressor. All 

interaction terms' beta coefficients for EC analyses appear in Table 9. 

 Mental arithmetic.  For MA, the overall model that included PEP as a sympathetic index 

explained a sufficiently large amount of variance in IBI change from baseline to task, F(5, 78) = 

5.34, p =. 0003. The LVET model was also significant, F(5, 78) = 3.85, p = .004. The interaction 

of EC with HRV was non-significant in both models, β = .109, t(78) = 1.02, p = .313 and  β = 

.088, t(78) = .789, p = .432. Following this trend, EC did not moderate the relationship between 

PEP and IBI reactivity, β = .109, t(78) = 1.04, p = .302 or between LVET and IBI reactivity,  β = 

.004, t(78) = .041, p = .967. 

 Verbal fluency.  The PEP model for VF reactivity was not significant, F(5, 78) = 1.77, p 

= .129; however, the alternative model employing LVET did explain a sufficient amount of 

variance in IBI changes, F(5, 78) = 3.13, p = .013. The regression coefficients for the interaction 

of EC with HRV, β = -.099, t(78) = -.877, p = .383 and LVET, β = -.069, t(78) = -.625, p = .534, 

were not significant. 
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 Speech Preparation.  IBI reactivity during SP was accounted for by the multiple 

regression models containing PEP, F(5, 78) = 6.63, p = .00003 and LVET, F(5, 78) = 6.48, p = 

.0004. The interaction between EC and HRV was not different from 0 in both models. Although 

EC did not moderate the relation between LVET and IBI change, the interaction between EC and 

PEP reactivity was significant, β = .238, t(78) = 2.46, p = .016. Please see for Figure 8 to see 

simple slopes related to this interaction effect.  The relationship between IBI and PEP reactivity 

was positive and significant at one SD below the mean of EC, β = .374, t(78) = 2.74, p = .008. In 

other words, PEP decreases from baseline tended to be associated with decreases in IBI at low 

levels of EC. This relation became smaller at the mean of EC, β = .220, t(78) = 2.27, p = .026. At 

one SD above the mean of EC, the relation between IBI and PEP change was not different from 

0, β = .065, t(78) = .454, p = .651. More simply, compared to low scorers on EC, high levels of 

EC are marked by a larger association between IBI and PEP reactivity during SP. 

 Recovery.   

 Mental arithmetic.  Multiple regression equations similar to the ones above were used to 

test whether EC moderates autonomic regulation of IBI recovery for the three stressors. The 

models for recovery from MA were significant, F(5, 78) = 4.07, p = .002 and F(5, 78) = 4.09, p 

= .002.  Neither PEP, β = .015, t(78) = .144, p = .886, or LVET, β = -.016, t(78) = -.151, p = 

.881, significantly interacted with EC to predict IBI recovery. Nonetheless, there was a 

significant moderation effect between EC and HF HRV in the model employing LVET, β = .204, 

t(78) = 2.01, p = .048. As EC increased, the relation between MA's IBI and HRV recovery 

became stronger.  Probing specific characteristics of this interaction revealed that at low levels of 

EC, there was no relation between IBI and HRV recovery, β = .085, t(78) = .511, p = .611, but at 

the mean of EC, this relation was positive and significant, β = .340, t(78) = 3.35, p = .001. 
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Furthermore, the relation between IBI and HRV recovery became larger at one SD above the 

mean of EC,  β = .594, t(78) = 3.78, p = .0003. These simple slopes are depicted in Figure 9. 

 Verbal fluency.  For the VF stressor, EC and autonomic indices significantly predicted 

IBI recovery in the PEP, F(5, 78) = 3.62, p = .005, and LVET models, F(5, 78) = 4.82, p =. 001. 

As seen in Table 9, EC did not moderate the relation between IBI and PEP or between IBI and 

LVET.  In the LVET model, however, there was a significant interaction between EC and HF 

HRV, as can be seen in Figure 10. Specifically, at one SD below the mean of EC, the 

relationship between IBI and HRV recovery is large, β = .622, t(78) = 4.15, p = .00008, but at 

moderate levels of EC, this association becomes smaller but remains significant,  β = .374, t(78) 

= 3.77, p = .0003. Finally, the relation between IBI and HRV recovery becomes nonsignificant at 

one SD above the mean of EC, β = .126, t(78) = .799, p = .426. In sum, as EC increases, the 

relation between IBI and HRV recovery following VF diminishes.  This interaction was 

marginally significant in the PEP model, β = -.205, t(78) = -1.91, p = .060. 

 Speech preparation.  The interaction of EC with autonomic variables was also tested for 

SP recovery. The regression model using PEP trended toward significance, F(5, 78) =  2.15, p = 

.068, while equation using LVET explained significant variance in IBI, F(5, 78) = 3.87, p = .004. 

The interaction of EC and HRV was nonsignificant in PEP and LVET models, β = .057, t(78) = 

.525, p = .601 and β = .087, t(78) = .852, p = .397, respectively. Also, the interaction of PEP with 

EC did not explain a significant proportion of variance in IBI change, β = -.0004, t(78) = -.004, p 

= .997. The interaction of LVET and EC was also nonsignificant, β = .087, t(78) = .852, p = 

.397. 

 Pooled Time-Series Analysis.  Pooled cardiac variables were entered into multiple 

regression equations that had the same form as the ones used in the above analyses. Regression 
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weights for these models appear in Table 9. IBI reactivity was significantly predicted by the first 

model, which used PEP and HRV changes across stressors, F(5, 78) = 4.22, p = .005. In this 

model, EC did not significantly moderate the relation between IBI and HRV reactivity, β = .037, 

t(78) = .348, p = .729, or between IBI and PEP change,  β = -.053, t(78) = -.519, p = .605. The 

model using LVET as a sympathetic index was significant as well, F(5, 78) = 4.55, p = .001. 

However, neither the interaction between EC and HRV, β = -.004, t(78) = -.032, p = .974 nor the 

interaction between EC and LVET, β = -.169, t(78) = -1.65, p = .104 were significant.  

 The models for pooled IBI recovery were also significant, F(5, 78) = 2.84, p = .021 and 

F(5, 78) = 3.84, p = .004, for PEP and LVET, respectively. For the model employing PEP, EC 

did not significantly interact with HRV, β = -.095, t(78) = -.899, p = .371, and there was no 

significant interaction between EC and PEP recovery,  β = .097, t(78) = .910, p = .366. In the 

alternative model, EC did not moderate HRV's relation to IBI recovery across stressors, β = -

.068, t(78) = -.665, p = .508, and EC did not significantly interact with LVET changes,  β = -

.110, t(78) = -1.07, p = .289. Null results for all previously reported interaction coefficients 

containing EC are located in Table 9. 

Traits & Performance 

 EC and ER were each correlated with the number of words generated during the VF. ER 

was not significantly related to VF scores, r = .118, p = .287. EC showed the same result, r  =      

-.060, p = .585. 

DISCUSSION 

Task Effects 

 Cardiovascular activation.  Mental arithmetic, verbal fluency, and the speech 

preparation tasks were chosen for the present study because of their tendency to elicit 
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cardiovascular stress, namely to change levels of included cardiovascular variables from states of 

rest. Univariate analyses on each dependent measure permitted an understanding of how 

physiological variables were uniquely related to the stressors. The main effects of Task on IBI 

and of Task on HRV indicate that the stressors were associated with cardiovascular activation 

that is typical of mental stress (Berntson et al., 1994). The lack of significance for the effect of 

Task on PEP and LVET suggests that the above multivariate effect of Task was driven by IBI 

and HRV differences between baseline, task, and recovery periods.  

 Nonetheless, investigating task-based differences in the physiological variables for each 

stressor (i.e. interactions between Task and Stressor) indicates that the pattern of IBI and HRV 

changes across MA, VF, and SP differs. Overall, SP was the only stressor that was related to a 

pattern of IBI changes consistent with mental stress. This result suggests that the above main 

effect of task on IBI was driven by the IBI changes during and following SP. Although all tasks 

appeared to exhibit decreases and increases in vagal activation during task and recovery periods, 

respectively, SP seems to be associated with the greatest vagal withdrawal from baseline and 

also the largest increase during recovery.  

 These results suggest that, compared to the other stressors, SP was most effective in 

generating stress-related cardiovascular activation from baseline, and that subjects returned to 

their original values of IBI and HRV following the speech task. The less robust IBI changes 

between tasks for MA and VF are perplexing and may indicate a larger preponderance of 

individual differences in which some persons exhibited IBI increases from baseline to task and 

others showed increases from task to recovery. For these stressors, the direction of IBI and HRV 

reactivity, and the direction of IBI and HRV recovery were not differentiated by ER or EC. The 

fact that there were no differences in PEP and LVET between tasks for any of the stressors likely 
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results from the same phenomenon in which opposite directional changes in these variables 

obscured main effects. 

 Emotion.  Anxiety was the only emotion that increased for all stressors, although 

somewhat less so for VF. Patterns of change in the other emotions were more heterogenous. 

Reductions in contentment were not found for VF and increases in frustration were only found 

for SP. The increases in anxiety for all stressors, along with the contentment effects during SP 

and MA somewhat validate that the tasks were related to mild self-reported distress and that VF 

was not as challenging as the other stressors. 

Main Hypotheses 

 Results partially support hypotheses in which high scorers on EC possess greater vagal 

and less sympathetic regulation of cardiac responses after and during stress, respectively. 

Findings for ER run contrary to hypotheses. The meaning of individual results, as related to each 

hypothesis, will be discussed below. 

 Resting vagal activity.  It was hypothesized that ER and EC would each be related to 

resting vagal activity. Contrary to predictions, ER was not correlated with baseline HF HRV. EC, 

however, was positively correlated with baseline HF HRV, thus indicating that high EC is related 

to greater resting vagal activation.  

 Effortful control and vagal control.  A primary aim of the present study was to test 

whether high EC is marked by increased cardiac vagal regulation of IBI reactivity and recovery. 

Comparatively, those who score lower on EC were expected to exhibit less vagal control of 

stress-related IBI changes. EC moderated the relation between HF HRV and IBI recovery 

following MA, so that this relation strengthened with increasing levels of EC. Specifically, the 

positive correlation of the simple slopes indicate that high scorers on EC tend to have either IBI 
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decreases that tend to be accompanied by HRV decreases or IBI increases that tend to co-occur 

with HRV increases following MA. This finding is consistent with the presumed role of vagal 

activity, often measured with HF HRV, in producing IBI lengthening (Berntson et al., 1994). In 

line with predictions, these results suggest that high EC is marked by increased cardiac vagal 

control of recovery while low EC is tied to reduced vagal regulation of IBI following mental 

stress. However, this effect appears to be task-specific, as this moderation effect was for VF and 

SP.  Contrary to hypotheses, EC did not interact with HF HRV to predict IBI reactivity for any of 

the stressors. Thus, it appears that high EC is not associated with heightened cardiac vagal 

control of IBI reactivity during mental stress.  

 Effortful control and sympathetic control.  It was also hypothesized that compared to 

high scorers, persons low in EC would have increased sympathetic control of IBI changes during 

and following mental stress. The significant interaction between EC and PEP reactivity during 

SP revealed that the relation between IBI and PEP reactivity became stronger as scores on EC 

increased. These results lend support to the hypothesis and suggest that persons low in EC, 

compared to those who score higher on this scale, possess stronger sympathetic cardiac control 

of reactivity to stress. This effect was not found for the other stressors, however. Regression 

coefficients assessing the relation between PEP/LVET and IBI during each stressor suggest that 

SP's IBI reactivity was heavily driven by sympathetic activation. It is possible that this stressor, 

unlike the MA and VF, was sufficiently stressful to produce high sympathetic activation in low 

scorers on EC, which may have driven the interaction effect. This possibility is supported by the 

fact that higher negative emotion was reported for SP compared to the other tasks. 

 Effortful control: VF recovery.  Perplexingly, IBI recovery after VF was predicted by 

the interaction between EC and HF HRV recovery. The positive relation between IBI and HF 



 

 47 

HRV change decreased as levels of EC increased, suggesting that high EC is related to reduced 

cardiac vagal regulation for the VF task. This result is contrary to the hypothesized direction of 

EC's moderation effect, and is also discrepant in relation to the previous result regarding EC 

being related to stronger vagal control following MA. This anomalous finding appears to be 

driven by activation control, a subscale of EC, significantly moderating HRV recovery following 

VF in the same direction. Little is known regarding how self-reported activation control maps on 

to physiological regulation. The construct may instead rely on a more sympathetically-driven 

strategy for behavioral regulation.  

 Ego-resiliency and autonomic control.  The present study also aimed to test whether 

high ER was related to greater vagal and less sympathetic control IBI changes during and 

following mental stress. Relatedly, low ER was expected to be related to lower vagal and greater 

sympathetic regulation of IBI changes. In pooled-time series models, findings which indicated 

higher levels of ER being associated with less vagal control and greater sympathetic control of 

IBI recovery run in the opposite direction of hypotheses. 

 Discriminating ER and EC.  Another aim of the study was investigate whether ER and 

EC similarly map onto individual differences in autonomic control. The anomalous results for 

ER, in conjunction with high EC having comparatively greater vagal and less sympathetic 

control, suggest that EC better maps onto flexible patterns of ANS control. These findings 

promote the idea that ER's behavioral flexibility may be supported through means unrelated to 

ANS action on cardiac chronotropy, while the flexibility encoded by EC is likely influenced by 

autonomically mediated changes in cardiac functioning. The discriminant validity of EC and ER 

will be discussed below to perhaps elucidate the conflicting findings in regard to autonomic 

regulation. 
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Conclusions 

 Compared to low scores, high levels of EC were shown to relate to increased vagal 

control of IBI recovery and decreased sympathetic control of IBI reactivity, although both of 

these associations were stressor-specific. Also, this study suggests that ER and EC do not have a 

similar profile of ANS cardiac control, and that EC better fits patterns of physiological regulation 

that tie to behavioral flexibility (Friedman, 2007).  In the present study, EC's link to autonomic 

regulation supports and extends upon previous literature by indicating how EC maps onto vagal 

control among adults, as studies examining biological aspects of EC have typically been focused 

on child samples. EC's relation to vagal control of recovery supports a neurovisceral integration 

model of self-regulation (Thayer & Lane, 2000), in which persons' abilities to inhibit behavior 

relies on recruiting attentional resources in coordination with visceral responses (e.g. vagal 

activity) via the integrative role of the anterior cingulate cortex (ACC). The ACC is thought to be 

involved in not only directing attention amongst competing information (Davis et al., 2000), but 

also modulating vagal responses (Matthews et al., 2004). These EC findings support HF HRV as 

a marker of inhibition, expressed as behavioral regulation and also as the suppression of 

sympathetically driven defense circuits (Thayer & Lane, 2000). 

 A novel contribution of the present study is that it provides improved understanding of 

how cardiac sympathetic activity relates to and may support the optimal regulation strategies of 

persons high in EC.  Across research on EC, there has been a tendency to exclusively focus on 

vagal activity as a physiological marker of self-regulation. However, studies which include 

indices of vagal and sympathetic cardiac influence may more holistically depict cardiac 

functioning than those which only include vagal measures. For instance, individual differences in 

vagal and sympathetic cardiac control have been shown to predict panic symptoms (Friedman et 
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al. 1993), myocardial infarction (Berntson et al., 2008), and syncope in blood phobia (Sarlo et 

al., 2008). By including measures that probe both ANS systems, the present study indicates that 

attentional regulation at the high spectrum of EC is differentiated by cardiac control arising from 

vagal and sympathetic sources.  

 Another key contribution of this study is its ability to show meaningful relations between 

dynamic measures of cardiac control. Specifically, changes in ANS measures have been used to 

reflect ANS control of physiology. However, ANS variable reactivity (e.g. PEP) may be large 

but may not line up with changes in physiological variables that are supposedly under autonomic 

regulation (e.g. IBI). The multiple regression approach that was used in the present study allows 

one to gauge the extent to which changes in a given ANS variable dynamically modify cardiac 

activity. Therefore, no matter the direction of IBI changes, this approach allows one to estimate 

how these changes are autonomically controlled.  

 High ego-resilients' increased sympathetic and decreased vagal control may be explained 

by ER's role in describing individual differences in reactive emotional processes that are distinct 

from self-regulatory capacity. As evidenced by items of the ER89 scale and theoretical 

discussion by Block & Block (1980), ER is partially defined by positive affect, ease in social 

situations, gregariousness, and the tendency to engage in comfortable exploration of 

surroundings.  These processes, although generally thought to be the outcome of adequate self-

regulation (Block & Kremen, 1996), appear to describe Surgency (i.e. extraversion), which has 

been shown to be somewhat orthogonal to self-regulatory ability. Surgency has been highlighted 

as a major factor of temperament which describes individual differences in automatic positive 

affect and approach tendencies (Rothbart & Jones, 1998), which are both rooted in a 
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neurobiological behavioral activation system (BAS) that operates primarily through 

dopaminergic pathways (Gray, 1990). 

 Approach-related facets of ER may rely on different biological substrates than the vagal 

system, as parasympathetic activity appears to be more heavily linked to inhibitory processes that 

are more prototypical of EC than ER (Thayer & Lane, 2000). In line with this thinking, there is 

conflicting evidence in regard to the extent to which extraversion correlates with baseline and 

reactivity measures of HF HRV (Oveis et al., 2009; Althaus et al., 2005). However, 

temperamental measures of Surgency/Extraversion have been shown to relate to PEP reactivity 

during stress (Stifter et al., 2010), while sympathetic activation is also found during states of 

reward (Brenner, Beauchaine, & Sylvers, 2005). It may be that ego-resilients achieve positive 

social outcomes through sympathetic mechanisms related to approach motivation. Such 

mechanisms may also partially explain the anomalous interaction between EC and HF HRV in 

the prediction of IBI recovery following VF. 

  PEP reactivity's positive relations to the valuation of incentives (Richter & Gendolla, 

2009) and to task difficulty (Richter, Friedrich, & Gendolla, 2008) suggest that beta-adrenergic 

activation indexes task effort. Since EC is thought to involve willful regulation of behavior 

toward some goal, which may be most tied to EC's activation control subscale (Derryberry & 

Rothbart, 2007), it may be that high EC's heightened sympathetic inotropic control following VF 

is related to their increased effort at self-regulation during the task. 

Limitations 

 A primary limitation of the present study is that respiration rate was not collected. 

Respiration rate is typically partialled out of relations including HF HRV, in order to to validate 

that individual differences in HR HRV are not driven by respiratory influences (Grossman, 
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Karemaker, & Wieling, 1991). There is controversy about the extent to which respiration 

confounds vagal indices, with some researchers suggesting tight control over respiratory 

influences and others neglecting the issue of respiration in the measurement of HF HRV (Porges, 

2007).  Additionally, the present study was focused on ANS regulation of cardiac changes that 

modified metabolic output; however, heart rate or IBI is just one aspect by which the 

cardiovascular system achieves this end. Measurement of cardiac output, or the amount of blood 

ejected from the aorta during one minute, may have added a more direct index of metabolic 

recruitment (Liang & Hood, 1973). Better measuring metabolic output is useful in the 

understanding of traits related to behavioral flexibility, since these traits are likely underpinned 

by ability to flexibly shift usage of metabolic resources (Porges, 2003). Also, the construct 

validity of PEP and LVET as indicators of sympathetic chronotropic influence is unclear; 

therefore, the relation between IBI and PEP/LVET may more heavily reflect sympathetic 

inotropic regulation. 

 Furthermore, many subjects verbally reported that they were aware of the deception 

regarding the delivery of a speech at the end of the experimental session. This phenomenon may 

have modified autonomic activation, thereby obscuring meaningful relations between ER and 

ANS variables. Lastly, levels of emotion may have been underestimated for the task periods, 

because these were retrospectively reported after recovery. 

Future directions 

 Given the unexpected relations between ER and ANS regulation, future research should 

investigate how lower-order factors of ego-resiliency differentially relate to autonomic control. It 

is possible that factors which each measure positive affect and control of stress map onto 

different strategies of physiological regulation. Further, cardiac functioning is merely one aspect 
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of the cardiovascular system that is under continual control. Future studies should address how 

flexible modulation of other processes, such as blood pressure response and respiration, are 

associated with individual differences in self-regulation.  

  SNS activity is often overlooked as a predictor of positive outcomes  Specifically, 

deficient sympathetic reactivity (Stein, Tancer, & Uhde, 1992) and increased sympathetic control 

are typically tied to behavioral maladjustments (Friedman et al., 1993); however, these findings 

show that SNS activation may be an aspect of self-reported resiliency. Consequently, future 

research should investigate how sympathetic cardiac control may possibly support adaptive 

behaviors.  
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APPENDIX A 

FIGURES 

 

Figure 1. Task Levels of IBI for Different Stressors 

*significantly different from stressor's baseline value at p < .05 

**significantly different from stressor's task value at p < .05 

* 

* * 

** 
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Figure 2. Task Level of HF HRV for Different Stressors 

*significantly different from stressor's baseline value at p < .05 

**significantly different from stressor's task value at p < .05 

 

 

* * 

** 

* 

** 
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Figure 3. Task Levels of Self-Reported Anxiety       

     

*significantly different from corresponding baseline at p < .05 

**significantly different from corresponding baseline at p < .001 
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Figure 4. Task Levels of Self-Reported Frustration 

*significantly different from corresponding baseline at p < .01 
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Figure 5. Task Levels of Self-Reported Contentment      

      

*significantly different from corresponding baseline at p < .01 

* * 



 

 75 

Figure 6. Simple Slopes of HF HRV and IBI Recovery for Pooled Stressors at Different Values of 

ER 

 
 

 

 

 

 

 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

Mean HF HRV (ln(ms
2
)) 

Mean IBI (ms) 



 

 76 

Figure 7. Simple Slopes of PEP and IBI Recovery for Pooled Stressors at Different Values of ER 

  

 
 

 

 
 

 

 

 

 

Mean PEP (ms) 

Mean IBI (ms) 



 

 77 

Figure 8. Simple Slopes of PEP and IBI Reactivity during Speech Preparation at Different Values 

of EC. 
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Figure 9. Simple Slopes of HF HRV and IBI Recovery Following Mental Arithmetic at Different 

Values of EC 
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Figure 10. Simple Slopes of HF HRV and IBI Recovery Following Verbal Fluency at Different 

Values of EC            
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APPENDIX B 

 

TABLES 

 

 

Table 1. IBI Values for Different Tasks 

 

IBI (ms) Mean Std. Deviation Minimum Maximum 

MA: Baseline IBI 802.2 108.4 574.6 1051.8 

MA: Task IBI 794.8 109.2 562.1 1110.0 

MA: Recovery IBI 793.6 106.4 569.9 1003.8 

VF: Baseline IBI 795.8 112.0 593.6 1061.9 

VF: Task IBI 785.8 100.8 589.3 1047.9 

VF: Recovery IBI 797.2 108.8 586.6 1029.9 

SP: Baseline IBI 792.2 109.5 549.2 1066.5 

SP: Task IBI 751.7 103.0 561.2 1017.1 

SP: Recovery IBI 793.4 106.0 585.8 1043.2 

 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

IBI=interbeat intervals, ms=milliseconds 
 

 

 

 

 

 

 

 



 

 81 

 

Table 2. HF HRV Values for Different Tasks 

 

 HRV (ln(ms
2
)) Mean Std. Deviation Minimum Maximum 

MA: Baseline HRV 6.57 1.12 3.47 9.63 

MA: Task HRV 6.29 1.13 3.71 9.30 

MA: Recovery HRV 6.44 1.07 4.03 9.18 

VF: Baseline HRV 6.48 1.18 3.50 9.31 

VF: Task HRV 6.25 1.10 3.00 8.90 

VF: Recovery HRV 6.46 1.19 3.00 9.15 

SP: Baseline HRV 6.38 1.16 3.61 9.82 

SP: Task HRV 6.06 1.12 2.77 9.30 

SP: Recovery HRV 6.53 1.16 3.33 9.50 

 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

HRV=high-frequency heart rate variability, ln(ms
2
)=natural log of spectral power in squared 

milliseconds 
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Table 3. PEP Values for Different Tasks 

 

 PEP (ms) Mean Std. Deviation Minimum Maximum 

MA: Baseline PEP .1082 .0279 .0466 .1796 

MA: Task PEP .1062 .0257 .0454 .1662 

MA: Recovery PEP .1067 .0253 .0460 .1714 

VF: Baseline PEP .1069 .0246 .0421 .1630 

VF: Task PEP .1082 .0277 .0514 .1805 

VF: Recovery PEP .1082 .0253 .0484 .1689 

SP: Baseline PEP .1072 .0241 .0596 .1651 

SP: Task PEP .1046 .0265 .0609 .1794 

SP: Recovery PEP .1068 .0258 .0549 .1757 

 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

PEP=pre-ejection period, ms=milliseconds 
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Table 4. LVET Values for Different Tasks 

 

 LVET (ms) Mean Std. Deviation Minimum Maximum 

MA: Baseline LVET .3164 .0323 .2289 .4077 

MA: Task LVET .3173 .0317 .2314 .3978 

MA: Recovery LVET .3167 .0284 .2362 .3884 

VF: Baseline LVET .3172 .0297 .2440 .4061 

VF: Task LVET .3182 .0288 .2501 .3828 

SP_BL_LVET .3193 .0315 .2512 .4221 

SP_LVET .3164 .0312 .2316 .4050 

SP_R_LVET .3175 .0340 .2168 .3999 

 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

LVET=left ventricular ejection time, ms milliseconds 
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Table 5. Correlations of Traits with Baseline HRV 

 ER EC Avg BL  MA: BL  VF: BL SP: BL 

ER                  correlation 

                       p-value 

1 

 

     

EC                 correlation 

                      p-value 

.28** 

.009 

1     

Avg BL          correlation 

                      p-value 

.129 

.242 

.218* 

.046 

1    

MA: BL        correlation 

                      p-value 

.092 

.405 

.225* 

.040 

.948** 

.000 

1   

VF: BL          correlation 

                      p-value 

.139 

.208 

.154 

.161 

.946** 

.000 

.84 

.000 

1  

SP: BL          correlation 

                      p-value 

.135 

.219 

.243* 

.026 

.953** 

.000 

.86** 

.000 

.85** 

.000 

1 

 

**Correlation is significant at the 0.01 level (2-tailed) 

*Correlation is significant at the 0.05 level (2-tailed) 

ER= ego-resiliency, EC=effortful control, Avg BL= average baseline HRV 

MA: BL=mental arithmetic baseline HRV, VF: BL=verbal fluency baseline HRV 

SP: BL=speech preparation baseline HRV 
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Table 6. Physiological Reactivity Scores 

 

 

Task-Baseline      Mean Std. 

Deviation 

Minimum Maximum 

MA IBI -7.81 39.99 -126.40 81.20 

VF IBI -9.96 48.06 -124.63 117.87 

SP IBI -41.80 64.11 -223.80 86.40 

MA HRV -.2746 .6276 -2.03 1.27 

VF HRV -.2310 .7086 -2.30 1.77 

SP HRV -.3223 .7576 -2.18 1.80 

MA PEP -.0021 .0113 -.0467 .0380 

VF PEP .0006 .0122 -.0317 .0383 

SP PEP -.0025 .0125 -.0324 .0256 

MA LVET .0004 .0189 -.0678 .0410 

VF LVET .0020 .0186 -.0472 .0587 

SP LVET -.0026 .0212 -.0714 .0591 

 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

IBI= interbeat intervals, HRV= high-frequency heart rate variability, PEP=pre-ejection period, 

LVET=left ventricular ejection time 

Measurement Units: IBI = milliseconds, HRV = natural log of spectra power in squared 

milliseconds, PEP = milliseconds, LVET = milliseconds 
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Table 7. Physiological Recovery Scores 

 

Recovery-Task   Mean Std. 

Deviation 

Minimum Maximum 

MA IBI -1.37 41.33 -120.00 120.80 

VF IBI 11.43 43.85 -119.23 118.93 

SP IBI 43.00 62.01 -90.70 229.80 

MA HRV .140 .548 -1.446 1.320 

VF HRV .197 .662 -1.579 1.950 

SP HRV .486 .799 -1.311 2.964 

MA PEP .0009 .0085 -.0298 .0234 

VF PEP .0004 .0157 -.0552 .0438 

SP PEP .0023 .0146 -.0386 .0424 

MA LVET -.0012 .0152 -.0480 .0444 

VF LVET -.0006 .0189 -.0515 .0586 

SP LVET .0017 .0219 -.0652 .0680 

 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

IBI= interbeat intervals, HRV= high-frequency heart rate variability, PEP=pre-ejection period, 

LVET=left ventricular ejection time 

Measurement Units: IBI = milliseconds, HRV = natural log of spectra power in squared 

milliseconds, PEP = milliseconds, LVET = milliseconds 



 

87 

 

Table 8. Ego-Resiliency: Multiple Regression Interaction Effects 

Model: Interaction Term B Std 

Error 

β p-value 

MA React: ER*HRV
a
 -0.570 1.06 -0.055 0.591 

MA React: ER*PEP 4.68 70.44 0.007 0.947 

MA React: ER*LVET 5.94 42.59 0.016 0.889 

MA Recov: ER*HRV
a
 -1.35 1.32 -0.111 0.312 

MA Recov: ER*PEP 97.75 133.07 0.078 0.465 

MA Recov: ER*LVET 57.81 54.41 0.116 0.291 

VF React: ER*HRV
a
 -2.36 1.68 -0.155 0.164 

VF React: ER*PEP 122.77 89.88 0.149 0.176 

VF React: ER*LVET 104.28 61.45 0.187 0.094 

VF Recov: ER*HRV
a
 -1.96 1.33 -0.153 0.146 

VF Recov: ER*PEP -29.67 76.28 -0.041 0.698 

VF Recov: ER*LVET 27.37 51.34 0.055 0.596 

SP React: ER*HRV
a
 0.71 1.37 0.054 0.607 

SP React: ER*PEP 125.94 103.89 0.128 0.229 

SP React: ER*LVET 81.86 57.12 0.138 0.156 
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Table 8 (continued) 

 

SP Recov: ER*HRV
a
 -0.806 1.60 -0.054 0.616 

SP Recov: ER*PEP 85.77 96.46 0.096 0.377 

SP Recov: ER*LVET 15.51 54.86 0.029 0.778 

Pooled React: ER*HRV
a
 0.001 0.018 0.006 0.954 

Pooled React: ER*PEP 0.038 0.024 0.169 0.117 

Pooled React: ER*LVET 0.023 0.025 0.094 0.367 

Pooled Recov: ER*HRV
a
 -0.049

*
 0.02 -0.232

*
 0.034

*
 

Pooled Recov: ER*PEP 0.071
*
 0.032 0.232

*
 0.031

*
 

Pooled Recov: ER*LVET 0.005 0.023 0.023 0.820 

 
*
p < .05

 

a 
Model including pre-ejection period

 

b
Model including left ventricular ejection time 

 

React= React, Recov=Recov 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

HRV=high-frequency heart rate variability, PEP=pre-ejection period, LVET=left ventricular 

ejection time 
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Table 9. Effortful Control: Multiple Regression Interaction Effects  

 

 

Outcome: Interaction Term B Std Error β p-value 

MA React: EC*HRV
a
 10.68 10.52 0.109 0.313 

MA React: EC*PEP 524.76 504.56 0.109 0.302 

MA React: EC*LVET 16.70 404.31 0.004 0.967 

MA Recov: EC*HRVb 27.52
*
 13.70 0.204

*
 0.048

*
 

MA Recov: EC*PEP 100.98 701.17 0.015 0.886 

MA Recov: EC*LVET -58.43 387.52 -0.016 0.881 

VF React: EC*HRV
a
 -2.82 11.96 -0.027 0.814 

VF React: EC*PEP -49.75 766.96 -0.007 0.948 

VF React: EC*LVET -266.05 425.45 -0.069 0.534 

VF Recov: EC*HRV
b
 -23.58

*
 11.14 -0.212

*
 0.037

*
 

VF Recov: EC*PEP 171.38 510.75 0.036 0.738 

VF Recov: EC*LVET -419.90 357.36 -0.117 0.244 

SP React: EC*HRV
a
 18.24 15.01 0.117 0.228 

SP React: EC*PEP 1847.15
*
 750.85 0.238

*
 0.016

*
 

SP React: EC*LVET 345.71 613.77 0.056 0.575 

SP Recov: EC*HRV
a
 6.74 12.82 0.057 0.601 
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Table 9 (continued) 

 

SP Recov: EC*PEP -2.40 677.06 -0.0004 0.997 

SP Recov: EC*LVET 341.87 401.42 0.087 0.397 

Pooled React: EC*HRV
a
 0.064 0.183 0.037 0.729 

Pooled React: EC*PEP -0.088 0.170 -0.053 0.605 

Pooled React: EC*LVET -0.281 0.171 -0.169 0.104 

Pooled Recov: EC*HRV
a
 -0.175 0.194 -0.095 0.371 

Pooled Recov: EC*PEP 0.214 0.235 0.097 0.366 

Pooled Recov: EC*LVET -0.164 0.154 -0.110 0.289 

 
*
p < .05

 

a 
Model including pre-ejection period

 

b
Model including left ventricular ejection time 

 

React= React, Recov=Recov 

MA=mental arithmetic, VF=verbal fluency, SP=speech preparation 

HRV=high-frequency heart rate variability, PEP=pre-ejection period, LVET=left 

ventricular ejection time 
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APPENDIX C 

Mind-Body Laboratory Health History Questionnaire  

A very brief medical history must be obtained as part of the experimental protocol. It is 

very important that you be completely honest. This information will be kept strictly 

confidential. 

 

1. What is your age, height, weight, and gender? 

Age: _____ years 

Height: _____ feet, _____ inches 

Weight: _____ pounds 

Sex: ___M ___F 

 

2. Since birth, have you ever been hospitalized or had any major medical problems? 

___ Yes ___ No 

If Yes, briefly explain: 

 

 

 

3. Have you ever experienced a concussion or lost consciousness due to a blow to the 

head? 

___ Yes ___ No 

If Yes, briefly explain: 
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4. Have you ever had problems that required you to see a counselor, psychologist, or 

psychiatrist? 

___ Yes ___ No 

If Yes, briefly explain: 

 

 

5. Do you use tobacco products of any kind? 

___ Yes ___ No 

If Yes, describe what kind how often/much: 

 

 

6. Have you ever been diagnosed with a psychological disorder? 

___ Yes ___ No 

If Yes, briefly explain: 

 

 

7. Do you currently have or have you ever had any of the following? 

___ Yes ___ No Strong reaction to cold weather 

___ Yes ___ No Circulatory problems 

___ Yes ___ No Tissue disease 

___ Yes ___ No Skin disorders (other than facial acne) 

___ Yes ___ No Arthritis 
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___ Yes ___ No Asthma 

___ Yes ___ No Lung problems 

___ Yes ___ No Cardiovascular disorder/disease 

___ Yes ___ No Diabetes 

___ Yes ___ No Hypoglycemia 

___ Yes ___ No Hypertension (high blood pressure) 

___ Yes ___ No Hypotension (low blood pressure) 

___ Yes ___ No Hepatitis 

___ Yes ___ No Neurological problems 

___ Yes ___ No Epilepsy or seizures 

___ Yes ___ No Brain disorder 

___ Yes ___ No Stroke 

If you responded Yes to any of the above conditions, briefly explain: 

 

8. Have you ever been diagnosed as having: 

___ Yes ___ No Learning deficiency or disorder 

___ Yes ___ No Reading deficiency or disorder 

___ Yes ___ No Attention deficit disorder 

___ Yes ___ No Attention deficit hyperactivity disorder; 

 

9. Do you have: 

___ Yes ___ No Claustrophobia (extreme fear of small closed spaces) 

___ Yes ___ No Blood phobia (extreme fear of needles or blood) 
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___ Yes ___ No Phobia of any type (if Yes, briefly explain:) 

___ Yes ___ No Generalized anxiety disorder 

___ Yes ___ No Anxiety disorder of any type (if Yes, briefly explain:) 

If you responded Yes, briefly explain here: 

 

 

10. List any over-the-counter or prescription medications you are currently taking: 

 

 

11.  List the symptoms that these drugs are treating 

 

 

12. List any other medical conditions that you have or have had in the past: 

 

 

13. What is your average daily caffeine consumption (approximate number of 

cups/glasses of coffee, tea, or caffeinated soda)? 

 

14. What is your average weekly alcohol consumption (approximate number of alcoholic 

beverages)? 

 

 

15. How many hours of sleep do you average per night 
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APPENDIX D 

Mind-Body Laboratory Recent Health History Questionnaire  

A very brief medical history must be obtained as part of the experimental protocol. It is 

very important that you be completely honest. This information will be kept strictly 

confidential. 

 

 

1. When was the last time that you have had any alcohol before the study began? 

 

 

2. When was the last time you have had a caffeinated beverage before the study began?  

 

 

3. When was the last time that you are before the study began? 

 

 

4. What phase of the menstrual cycle are you currently in (beginning, middle, or end)? 

 

 

5. How many hours of sleep did you get last night? 

 

 

6. Did you engage in vigorous exercise within the last 2 hour 
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APPENDIX E 

Electrode Placement Diagram 

 

 

 

 

 


