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 Previous research has shown that the intrapersonal characteristics (e.g., 

temperament) of children are associated closely with alterations in the functioning of the 

hypothalamic-pituitary–adrenal (HPA) stress axis. However, consistently capturing direct 

associations between these characteristics and stress reactivity of the HPA axis has, at 

times, yielded disparate findings. Thus, using the Rothbart model of temperament 

(Rothbart & Derryberry, 1981) as a guide, the main goal of this project was to investigate 

and identify intrapersonal characteristics that moderate associations between other 

intrapersonal characteristics of the child and stress reactivity during development (e.g., 

trait by trait interactions). Additionally, study variables were assessed for meaningful 

associations and, on average differences between those who responded to the stressor 

paradigm and those who did not. A sample of 45 male and 37 female students (n=82, M= 

9.66 yrs.) from six, fourth and fifth grade classes partook in a mathematically based 
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stressor paradigm administered in the classroom. Salivary cortisol and behavior measures 

were collected in two waves over a 7-week period. Several significant results emerged. 

Overall, children who responded to the stressor paradigm had significantly higher levels 

of traits associated with a more inhibited behavioral style. Further, several meaningful 

interactions surfaced in which intrapersonal characteristics of various categories, 

including reactive, regulatory, and ambiguous, interacted with one another to predict 

stress reactivity. Of note, the majority of the interactions involved self-regulation and 

surgency. These two intrapersonal characteristics interacted with several others, helping 

to elucidate the unique influences of these intrapersonal characteristics on each other and, 

subsequently, stress reactivity of the HPA axis. These results illustrate that interactions 

between multiple intrapersonal characteristics should be taken into consideration in the 

future when studying the relationships between intrapersonal characteristics and stress 

reactivity of the HPA axis.  
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CHAPTER 1. INTRODUCTION 

 The hypothalamic pituitary adrenocortical (HPA) axis is one arm of the 

mammalian stress system, which responds to threats or challenges (i.e., stressors) in the 

surrounding environment. Cortisol, the end product of the HPA axis, is released in 

response to both systemic physiological perturbations and specific psychosocial threats to 

the self (see Dickerson & Kemeny, 2004). When faced with a stressor, a moderate 

increase in cortisol occurs, which is followed by a fairly abrupt response termination and 

subsequent return to baseline levels. The cortisol ‘burst’ that is experienced during 

stressor exposure is an adaptive event as cortisol mobilizes energy in order to provide the 

periphery with the fuel necessary to increase an individual’s alertness, vigilance, and 

memory while under duress (Sims, Guilfoyle, & Parry, 2005). However, if the activity 

and/or reactivity of the HPA axis become dysregulated, the resulting cortisol imbalance 

may pose a physiological burden on the system known as allostatic load (AL) (McEwen 

& Stellar, 1993). Over time, increases in AL result in decreased energy levels, an 

inability to concentrate, disruptions in learning and memory, and an increased risk of 

developing internalizing symptomology (i.e., anxiety and depression) (Stansbury & 

Gunnar, 1994; Wolkowitz, Epel, & Reus, 2001). 

 Since HPA axis dysregulation may result in deleterious health outcomes, 

empirical work has investigated to which naturalistic and laboratory-based stressors the 

HPA axis responds in both adults and children. For some children, anticipation of and 

attendance at school (Turner-Cobb, Rixon, & Jessup, 2008), negative performance 
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evaluations (Lewis & Ramsay, 2002), and daycare quality (Gunnar, Kryzer, Van Ryzin, 

& Phillips, 2010) all lead to quantifiable elevations in measurable facets of the HPA axis 

(e.g., basal tone, stress reactivity). However, physiological responsivity to stress is not a 

simple stimulus-response reaction. As such, a large degree of variability exists in stress 

reactivity of the HPA axis in children (see Gunnar, Talge, & Herrera, 2009). These 

individual differences may be driven by a variety of factors, including those inherent to 

the self (e.g., intrapersonal characteristics), such as temperamental dispositions, 

personality factors, psychopathological traits, coping skills, and perceived control. These 

types of intrapersonal characteristics may not only influence how an individual perceives 

a stressor (i.e., challenge, threat) (Folkman & Lazurus, 1988), but the coping mechanisms 

(e.g., active, passive) applied to facilitate adaptation as well (Rothbart, 2011).  

In an attempt to identify individuals who may be more vulnerable or resistant to 

the impact of stressors, it is important to gain an understanding of which intrapersonal 

characteristics are associated consistently with alterations in measurable facets of the 

HPA axis. However, prior studies have demonstrated the challenging nature of this task, 

as attempting to capture direct associations between intrapersonal characteristics (e.g., 

temperament, personality) and various indices of basal cortisol and stress reactivity have 

yielded inconsistent results (e.g., Granger, Stansbury, & Henker, 1994; Gunnar, Sebanc, 

Tout, Donzella, & van Dulmen, 2003; Laceulle, Nederhof, van Aken, & Ormel, 2015; 

van Goozen, Fairchild, Snoek, & Harold, 2007). As might be expected, some of the 

discrepancies may be partially attributable to sample characteristics or methodological 

differences (e.g., context). However, even when associations between intrapersonal 

characteristics and measurable facets of the HPA axis have been found they are often 
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modest in size and explain very little of the variance in stress reactivity (e.g., Talge, 

Donzella, & Gunnar, 2008). Findings indicate that this could be due to variability in 

measurable facets of the HPA axis even amongst children of similar temperamental 

dispositions (e.g., shyness) (Schmidt, Santesso, Schulkin, & Segalowitz, 2007). Thus, it 

appears that confounding intrapersonal characteristics also may have contributed to the 

inconsistencies seen in previous studies.    

As theorized in the Rothbart temperament model (Rothbart & Derryberry, 1981), 

behavior is not determined by any one specific intrapersonal characteristic (i.e., 

temperamental facet), but rather a child’s lower order more primitive reactive proclivities 

are modulated by their higher order more recently evolved regulatory facets. Thus, it is 

through interactions that both behavioral and physiological outcomes may be influenced 

(Rothbart, 2011). However, while this type of “dual process” model and the ongoing 

interactions between temperamental facets (e.g., lower order reactive by higher order 

regulatory) are not novel ideas, there is a paucity of research investigating interaction 

effects between intrapersonal characteristics (e.g., traits) with stress reactivity as the 

outcome variable, even though investigating them solely as main effects may never 

provide a comprehensive enough picture of something as dynamic as the physiologically 

reactivity of a child. As such, it was the main goal of the current dissertation to uncover 

which specific intrapersonal characteristics may interact with one another to shape the 

underlying physiology of children.  

A consideration of these trait by trait interactions also may help explain variability 

found in the output of the HPA axis within the same reactive temperamental disposition 

(i.e., shyness) (Schmidt et al., 2007) as well as similarities in responsivity between two 
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reactive temperamental types with opposing valances (i.e., shyness, surgency) 

(Zimmerman & Stansbury, 2004). Accordingly, these findings would add an additional 

layer of elucidation to findings in the extant literature. Therefore, focus was shifted away 

from solely seeking out direct associations to exploring how various combinations of 

intrapersonal characteristics may influence stress reactivity of the HPA axis during 

development.  

  Based on prior theory and empirical findings, the present study also sought to 

bridge gaps in the child development literature between the study of the intrapersonal 

characteristics (e.g., temperament) of children and stress reactivity of the HPA axis in 

two important ways. First, middle childhood (i.e., 7-11) is characterized as a crucial 

phase of development in which traits related to the self begin to stabilize and global shifts 

in cognition, motivation, and social behaviors take place. Moreover, the latter half of 

middle childhood represents a transitional time in development where self-regulatory 

skills (e.g., effortful control) develop at moderate rates (Lengua, 2006). It is also during 

this time that children’s personalities become more solidified (Tackett, Krueger, Iacono, 

& McGue, 2008), and increases in internalizing and externalizing symptomatology are 

seen (Del Giudice, Angeleri, & Manera, 2009). Additionally, children are also able to 

self-report on these more complex internal states during this time. However, there is a 

dearth of research on the HPA axis within this population. 

 The second gap in the literature that the present study sought to address is the lack 

of research on the effect of positively valenced intrapersonal characteristics on stress 

reactivity of the HPA axis. The majority of prior investigations involving temperament 

and the HPA axis have focused on exploring direct associations involving negatively 
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valenced characteristics (e.g., behavioral inhibition) with very little attention paid to 

associations that may exist between more positively valenced intrapersonal 

characteristics (e.g., agreeableness) and the HPA axis. Identifying any direct associations 

as well as incorporating these characteristics into an investigation of interaction effects is 

crucial to understanding which factors or combinations thereof may promote stressor 

resiliency.  

The current dissertation applied the Rothbart temperament model (Rothbart & 

Derryberry, 1981) as a framework in order to guide an investigation of interaction effects 

between a variety of intrapersonal characteristics and measurable facets of the HPA axis 

among children in middle to late childhood. However, to enhance the model, 

intrapersonal characteristics beyond temperament also were considered as it has been 

suggested that, during this transitional time period in development, temperament 

measures alone may fail to fully capture all of the intrapersonal characteristics capable of 

influencing children’s behavior and physiological functioning (see Shiner & DeYoung, 

2013). As such, it has been posited that childhood traits could be measured more 

completely by incorporating intrapersonal characteristics from personality into 

temperament-based studies (Shiner & Caspi, 2012). However, this has been implemented 

rarely. Thus, the current dissertation incorporated intrapersonal characteristics from the 

five-factor model of personality as well (Costa & McCrae, 1985). Additionally, 

intrapersonal characteristics related to affect (e.g., trait anxiety) also were included due to 

the established links between temperamental vulnerabilities and the development of 

childhood psychopathology (for a review, see Muris & Ollendick, 2005). 
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Further, in efforts to expand upon the theoretical framework of Rothbart and 

Derryberry (1981), interactions among pairs of both lower order reactive and higher order 

regulatory intrapersonal characteristics, respectively, also were tested. While the 

emphasis has been on interactions between combinations of reactive and regulatory 

intrapersonal characteristics, when studying behavioral outcomes, work in the field of 

developmental psychopathology has illustrated that interactions between two reactive 

intrapersonal characteristics can occur (e.g., Dinovo & Vasey, 2011; Fredrickson & 

Joiner, 2002). Additionally, evidence suggests that regulatory intrapersonal 

characteristics may interact synergistically when individuals manage stressors (e.g., 

Jensen-Campbell, Knack, Waldrip, & Campbell, 2007). 
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CHAPTER 2. LITERATURE REVIEW  

The Physiological Stress Response 

 The physiological stress response (PSR) becomes activated following systemic 

physiological perturbations as well as physical or psychosocial stressors encountered in 

the environment. When facing the latter type of stressor, cortical and subcortical brain 

areas contribute to the formation of cognitive appraisals and affective responses 

following stressor exposure. If environmental conditions are appraised as threatening, the 

affective responses that follow trigger the activation of the sympathetic medullary stress 

system (SAM) and the limbic hypothalamic-pituitary-adrenocortical stress axis (HPA) 

(Dhabhar & McEwen, 1997). Together, the SAM and the HPA axis play roles in the 

mobilization of energy, alteration of cardiovascular output, and the redistribution of 

oxygen and nutrients to active organs and tissues in order to facilitate adaptation 

(Sapolsky, Romero, & Munck, 2000).  

The fast-acting SAM system responds swiftly to a stressor with the release of 

catecholamines such as epinephrine and norepinephrine. This alters the output of the 

cardiovascular system, which in turn increases the blood flow to muscles located in the 

periphery (Krantz & Manuck, 1984). The HPA axis also responds, albeit more slowly, 

due to the biochemical cascade of precursor hormones necessary for the release of its 

main effector, the glucocorticoid cortisol. In order for cortisol to ultimately be released, 

the paraventricular nucleus of the hypothalamus first releases the corticotrophin-releasing 

hormone (CRH), which then travels to the anterior pituitary where the 
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adrenocorticotropic hormone (ACTH) then is released. Once ACTH reaches the adrenal 

cortex, cortisol is released into systemic circulation (Sapolsky et al., 2000). Peak levels of 

cortisol are detectable in both blood and saliva specimens, approximately 20-30 minutes 

following initial stressor exposure. Once the stressor has been physiologically coped 

with, cortisol concentrations are returned to baseline via a 3-tier negative feedback loop 

(McEwen, 1998). Importantly, these moderate surges of cortisol allow for the 

mobilization of energy stores, improve concentration and memory, influence cognitive 

abilities, and heighten vigilance toward the environment (Sims et al., 2005).  

HPA Axis and Allostatic Load 

 Importantly, the HPA axis also works in concert with the autonomic nervous 

system, immune system, and metabolic system as well as the kidneys and gut to ensure 

that organismic homeostasis is always maintained (Lupien, McEwen, Gunnar, & Heim, 

2009; McEwen & Tucker, 2011). This is achieved by the continuous adjustment of 

homeostatic parameters in order to meet the constantly fluctuating demands of the 

environment; a process termed allostasis (Sapolsky, 2004; Sterling & Eyer, 1988). While 

allostasis is an adaptive process that is facilitated, in part, by the release of 

catecholamines and glucocorticoids, dysfunctional patterns of responsivity can occur 

leading to an “allostatic state.” If sustained, this imbalance will cause allostatic load 

(AL), which is defined as the cost of homeostatic maintenance through change that is 

incurred by the organism (McEwen, 2003; McEwen & Stellar, 1993).  

McEwen (1998) identified four maladaptive patterns of physiological stress 

reactivity that can lead to AL. The first two are chronic activation patterns; one is formed 

by encountering multiple novel stressors on a continuous basis, while the second is the 
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result of a failure of PSR to habituate, even after multiple exposures to homotypic 

stressors. The third maladaptive pattern is a prolonged response due to insufficient 

response termination, which is instigated by a feedback failure at some level of the HPA 

axis. Lastly, the fourth pattern indicates a blunted or absentee response from the HPA 

axis, which triggers compensatory responses from other allostatic mediators. In short, 

these patterns result in hyper or hypo secretion of the primary hormonal mediators of the 

PSR, including cortisol. These imbalanced levels of cortisol are considered to be 

maladaptive and may negatively influence energy levels, impact learning and memory, 

and result in an increase in depressive symptomatology (McEwen, 2007; Stansbury & 

Gunnar, 1994; Wolkowitz et al., 2001). Specifically, in children, associations between 

altered stress reactivity and the development of internalizing and externalizing problems 

as well as metabolically based disorders have been found (Bornstein, Schuppenies, 

Wong, & Licinio, 2006; Pervanidou & Chrousos, 2012). 

Measurable Facets of the HPA Axis  

 Some degree of cortisol is always detectable in the body, even when not 

responding to stressors. These baseline levels reflect the basal tone of the HPA axis and 

are indexed by the amount of active free cortisol measured at a single fixed moment or 

multiple fixed moments in time (Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 

2003). While there can be some intraindividual variation in basal cortisol levels, overall 

they have been found to remain relatively stable across days (Hellhammer et al., 2007). 

For most healthy individuals, the secretion of basal cortisol also follows a diurnal rhythm, 

with the highest naturally occurring concentrations found approximately 30 minutes after 

awakening (i.e., cortisol awakening response) followed by declines throughout the day 



 

! 10 

(Kirschbaum & Hellhammer, 1989). This rise and fall pattern begins to take shape early 

in development and is consistently present in preschool aged children (Gunnar & 

Donzella, 2002).  

HPA axis stress reactivity reflects the extent to which the HPA axis responds to 

perturbations (e.g., stressors) in the environment with cortisol levels that deviate from the 

resting tone of the HPA axis. These levels can reflect not only how physiologically 

invested an individual is when coping with a stressor, but also how actively engaged they 

are in a challenging task (e.g., Koolhaas et al., 2011; Sapolsky et al., 2000; Tops, 

Boksem, Wester, Lorist, & Meijman, 2006). Importantly, while stressor engagement 

generally results in increased levels of stress reactivity, children have been found to have 

both increased and decreased levels of cortisol following a stressor (e.g., Granger, 

Stansbury et al., 1994). Therefore, since stress reactivity is calculated as a difference 

score between pre and post stressor levels (Burt & Obradović, 2012), it is possible for 

these scores to range from positive to negative.  

Assessing the HPA Axis in Developmental Studies 

 Stress research during development utilizes both naturalistic stressors and, to a 

lesser degree, laboratory-based stressor paradigms or other arousing tasks in order to 

assess alterations in measurable facets of the HPA axis in children. Research examining 

changes in the everyday patterning of cortisol in response to naturalistic stressors has 

been informative when studying the contexts under which HPA axis stress reactivity 

generally may occur. Specifically, reactivity of the HPA axis has been used to quantify 

stress in response to events such as the adaptation to daycare or a new school 

environment (e.g., E. P. Davis, Donzella, Krueger, & Gunnar, 1999; Dettling, Gunnar, & 
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Donzella, 1999; Gutteling, Weerth, & Buitelaar, 2005; Watamura, Donzella, Alwin, & 

Gunnar, 2003). Investigating these naturalistic stressors has uncovered that alterations in 

the diurnal rhythm of the HPA axis in children occur while in childcare settings (see 

Vermeer & van IJzendoorn, 2006 for a meta-analysis). It also has been found that the 

anticipation and attendance of school can lead to long-term increases in the basal output 

of the axis that remain for up to six months for some children (Turner-Cobb et al., 2008). 

However, while examining how the HPA axis responds to these naturalistic stressors has 

provided invaluable information, it has not always provided an understanding of which 

specific contextual elements may be triggering these alterations.  

 Thus, in order to uncover which particular factors may trigger alterations in stress 

reactivity of the HPA axis, laboratory-based stressor paradigms have been utilized at 

different stages of development, although not always successfully (see Gunnar et al., 

2009). A recent meta-analysis of psychosocially based stressor paradigms utilized in 

adult studies uncovered that motivated performance tasks characterized by elements of 

surprise and uncontrollability as well as the presence of social evaluative threat 

engendered the most robust responses (Dickerson & Kemeny, 2004). Indeed, negative 

performance evaluations following tasks have been shown to engender embarrassment, 

shame, and increased stress reactivity in children as young as 4 years old (Lewis & 

Ramsay, 2002). This illustrates that the threat of negative social evaluations is a salient 

stressor even amongst young children, and laboratory-based paradigms incorporating this 

element have manipulated stress reactivity in children and adolescents successfully 

(Gunnar, Wewerka, Frenn, Long, & Griggs, 2009; Zijlmans, Beijers, Mack, Pruessner, & 

de Weerth, 2013).  
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Temperament and Personality Overview 

The Rothbart Model of Temperament 

 Temperament can be conceptualized as a set of stable and inherent behavioral 

tendencies with roots in underlying biological processes. Facets of temperament appear 

early in development and modulate the expression of activity, reactivity, emotionality, 

and sociability of an individual (Goldsmith et al., 1987; Rothbart & Derryberry, 1981). 

Thus, temperament directly influences early adaptations to life, including ability to cope 

with stressors (Compas, Connor-Smith, Saltzmna, Thomsen, & Wadsworth, 2001; 

Skinner, 1999). While some approaches to temperament focus on specific facets such as 

behavioral inhibition (e.g., Kagan, Reznick, & Gibbons, 1989), others view temperament 

as the outcome of interactions between lower order reactive factors and higher order self-

regulatory factors, which reflect the two temperamental dimensions (Rothbart & 

Derryberry, 1981).  

Specifically, Rothbart and Derryberry (1981) have proposed that temperament is 

made up of four factors, each of which is comprised of multiple sub-facets. The four 

factors in the Rothbart and Derryberry model include negative affect (e.g., aggression, 

frustration, depressive mood), surgency (e.g., surgency/high intensity pleasure seeking, 

low fear, low shyness), effortful control (e.g., activation control, inhibitory control, 

attentional control), and affiliativeness (e.g., affiliation, perceptual sensitivity, pleasure 

sensitivity) (Rothbart, 2011; Rothbart & Bates, 1998; Rothbart & Putnam, 2002). The 

factors of negative affect and surgency reflect the reactive dimension of temperament, 

while the factor of effortful control reflects the regulatory dimension of temperament. 

The final factor, affiliativeness, has not been formally categorized into either dimension, 
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but in the adult literature it has been positively associated with self-regulatory personality 

factors such as openness and agreeableness (D. Evans & Rothbart, 2007). This indicates 

that while more ambiguous in nature, affiliativeness might have regulatory undertones.  

The Five-Factor Model of Personality  

Broadly, personality represents the collective behavioral, temperamental, 

emotional, and mental traits of an individual (McAdams, 1996). Personality and 

temperament are inextricably linked as the foundations of personality are rooted in an 

individual’s temperamental dispositions (Rothbart et al., 2000). However, personality is 

more multifaceted than temperament as it also encompasses an individual’s attitudes, 

coping strategies, concepts of the self and others, morals, values, and beliefs (Rothbart & 

Bates, 1998). Thus, it has been proposed that temperament research could be enriched by 

the simultaneous measurement of personality in children (Shiner & Caspi, 2012). 

There are two highly recognized approaches to the study of personality: H. 

Eysenck and Eysenck’s (1985) biosocial approach and Costa and McCrae’s (1985) 

psycholexical approach of the five-factor model. Both approaches acknowledge the 

personality factors of neuroticism and extraversion, while the big five model also 

includes other higher order factors such as openness, agreeableness, and 

conscientiousness (Costa & McCrae, 1992). While these five factors originated from 

work in adult populations, research on children’s self-appraisals has yielded confirmation 

of this five-factor model of personality in children as well (Barbaraneli, Caprara, 

Rabasca, & Pastorelli, 2003; Donahue, 1994).  

 While it is well-established that surgency, negative affectivity, and effortful 

control map onto extraversion, neuroticism, and conscientiousness, respectively (Ahadi & 
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Rothbart, 1994; Galambos & Costigan, 2003), more recent findings support the 

supposition that all the big five personality traits are organized around an individual’s 

temperamental characteristics (see Rothbart, 2011; Shiner & Caspi, 2012). Thus, there 

has been a shift in adult stress research to also include the factors of agreeableness and 

openness when investigating associations between personality and HPA axis functioning 

(e.g., Bibbey, Carroll, Roseboom, Phillips, & de Rooij, 2013; Laceulle et al., 2015). 

However, to our knowledge, these interrelated intrapersonal characteristics (i.e., 

temperament, personality) have not been simultaneously measured during any 

investigations of the HPA axis functioning in adults or children.  

Overview of Temperament and Stress Physiology  

The two reactive factors of temperament (i.e., negative affectivity, surgency) 

influence the excitability, responsivity, and arousability of the behavioral and 

physiological systems of individuals in response to novelty and challenge (Rothbart & 

Rueda, 2005). In children, they also have been associated with the extent to which 

avoidance or approach behaviors are prompted when engaging with the environment 

(Posner & Rothbart, 2007). Further, it has been theorized that highly reactive children 

have a lower threshold of HPA axis reactivity, are slower to recover from stressor 

exposure, and are less able to habituate to stressors they have been exposed to previously 

(Compas et al., 2001). Highly reactive children also have generally been found to have 

negative temperamental dispositions (e.g., fear, inhibition/shyness) (Compas & Reeslund, 

2009). In turn, they are more prone to avoidant withdrawn behaviors in order to cope 

with stressors (Posner & Rothbart, 2007). Conversely, low physiological reactivity in 

children has been associated with less inhibited temperamental dispositions such as 
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surgency (Compas & Reeslund, 2009). Thus, surgent children are said to be sensation 

seekers who are high in approach behaviors and have a higher threshold for physiological 

reactivity (Posner & Rothbart, 2007).  

Importantly, it has been established several of the reactive facets of temperament, 

including shyness (Schmidt et al., 2007), surgency (Polak-Toste & Gunnar, 2006), and 

negative affectivity (Lonigan & Vasey, 2009), have been deemed necessary but 

insufficient conditions for the development of deleterious alterations of the HPA axis and 

or conditions associated with HPA alterations (e.g., internalizing problems (Lonigan & 

Philips, 2001; Lonigan & Vasey, 2009). This is because children not only differ in the 

intensity of their reactive intrapersonal characteristics, but in how they are managed as 

well (Rothbart & Bates, 1998; Rothbart, Ellis, Rueda, & Posner, 2003). Thus, children’s 

behavioral and physiological functioning also is influenced by differing levels of self-

regulatory abilities like effortful control. Effortful control modulates a child’s reactive 

dispositions toward the environment via the recruitment of higher order cognitive 

processes that include attentional control and the ability to inhibit and or activate 

behaviors in order to adapt (Rothbart & Rueda, 2005). Importantly, when levels of 

effortful control are deficient, the reactive aspects of temperament are undercontrolled, 

and this can result in the development of disordered behavioral patterns.  

Particularly, when effortful control skills are lacking in temperamentally negative 

children, these children are at increased risk for developing both internalizing problems 

(e.g., anxiety) (Biederman et al., 2001; Chronis-Tuscano et al., 2009) as well as 

externalizing problems (e.g., anger) (Ormel et al., 2005), whereas if effortful control 

skills are low in surgent children, they are at an increased risk for externalizing problems 
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(e.g., impulsivity) (Stifter, Putnam, & Jahromi, 2008). Unsurprisingly, these disordered 

behaviors have been associated with alterations of the basal tone (Zandstra et al., 2015) 

and stress reactivity of the HPA axis (e.g., Granger, Weisz, & Kauneckis, 1994; Hartman, 

Hermanns, de Jong, & Ormel, 2013; Lopez-Duran, Olson, Hajal, Felt, & Vazquez, 2009; 

van West, Claes, Sulon, & Deboutte, 2008). Thus, while the reactive factors of 

temperament reflect a child’s automatic response toward stressors, it is the presence or 

absence of regulatory factors that ultimately determine how the stressor will be 

behaviorally and physiologically managed (e.g., Fabes et al., 1999; Gunnar, Tout, de 

Hann, Pierce, & Stansbury, 1997).  

Temperamental Reactive Intrapersonal Characteristics and the HPA Axis  

 Negative affectivity. According to the Rothbart model (Rothbart & Derryberry, 

1981), the reactive temperamental dimension of negative affectivity is comprised of three 

measurable facets, including aggression, frustration, and depressive mood. Negative 

affectivity can include both internal feelings as well as overt behavioral displays of anger, 

sadness, and agitation (Davidson, Putnam, & Larson, 2000; Rothbart, Ahadi, Hershey, & 

Fisher, 2001). The presence of negative affectivity not only influences behavior, but 

threat perceptions and coping strategies. Specifically, evidence suggests those high in 

negative affectivity display an attentional bias toward threat and exhibit increased 

emotional distress toward stressors compared to those lower in negative affectivity (e.g., 

Perez-Edgar et al., 2010; Rothbart & Sheese, 2007; Rothbart, Sheese, Rueda, & Posner, 

2011). Children high in negative affectivity also appear to employ more avoidant coping 

strategies, as they mobilize avoidance behaviors when confronted with non-reward or 

punishment (Lengua & Long, 2002; Lengua, Sandler, West, Wolchik, & Curran, 1999).  
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Negative affectivity and HPA axis functioning. Overall, facets of negative 

affectivity have been related to higher levels of basal cortisol as well as increased stress 

reactivity early in development (for exceptions, see Bruce, Davis, & Gunnar, 2002; 

Turner-Cobb et al., 2008). Specifically, a reversal of the HPA’s diurnal rhythm has been 

found, with cortisol rising instead of falling over the course of the day for more 

emotionally negative 3-year-old children (Dettling, Parker, Lane, Sebac, & Gunnar, 

2000). Additionally, anger-prone infants have displayed higher stress reactivity than other 

infants in response to a fear-eliciting task (van Bakel & Riksen-Walraven, 2004). 

Similarly, in toddlers, Fortunato, Dribin, Granger, and Buss (2008) uncovered that stress 

reactivity was positively associated with negative affectivity and withdrawal behaviors.  

Gunnar et al. (1997) also found that children who began school with low levels of 

stress reactivity that steadily increased to high levels as well as those who started with 

high levels of stress reactivity and maintained them following an acclimation period, 

were affectively negative and more solitary than other children. In preschool-aged 

children, at the start of the school year, positive associations between morning cortisol 

levels and behaviors related to externalizing problems have been found (i.e., assertive, 

angry, aggressive (de Haan, Gunnar, Tout, Hart, & Stansbury, 1998). A similar 

association was found for increased cortisol levels across the day and aggression 

(Dettling et al., 1999). Additionally, in school-aged children, a correlation between stress 

reactivity and negative affectivity was found on the first day of school; however by the 

fifth day of school the association was no longer significant (E. P. Davis et al., 1999).  

While there is a growing body of research linking negative affectivity to altered 

basal tone and increased stress reactivity of the HPA axis, the majority of these 
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associations occurred between the more externalizing facets (e.g., anger, frustration, 

assertion, aggression) of negative affectivity. This leaves many unanswered questions 

about what, if any, relationship exists between the more internalizing components of 

negative affectivity (i.e., depressed mood) and the measurable facets of the HPA axis. 

Moreover, there appears to be a paucity of research investigating this intrapersonal 

characteristic beyond early childhood as well as how self-regulatory abilities like 

effortful control or interactions with other intrapersonal characteristics may influence the 

functionality of the HPA axis in these more temperamentally negative children.  

Fearfulness. Temperamental fearfulness falls in the reactive dimension of 

temperament and has been negatively associated with surgency and positively associated 

with negative affectivity (see Rothbart & Putman, 2002). Further, it also has been 

associated with the presence and severity of internalizing symptomatology (e.g., anxiety) 

(Oldehinkel, Hartman, De Winter, Veenstra, & Ormel, 2004). Fearfulness is not only a 

facet of temperament, but is also characteristic of those with a shy inhibited temperament; 

thus, the two have been studied interchangeably at times (e.g., Buss, Davidson, Kalin, & 

Goldsmith, 2004; Talge et al., 2008). Additionally, it has been put forth that a 

dysfunction in some component of the fear system is what underlies the etiology of a shy 

inhibited temperament (see Schmidt, Polak, & Spooner, 2005). Since the neural circuitry 

that triggers fearful behavior is connected with the HPA axis, dysfunctions here could 

sensitize the HPA axis to future stimuli and subsequently impair habituation 

(Charmandari, Tsigos, & Chrousos, 2005; Rosen & Schulkin, 1998; Sapolsky et al., 

2000). This also would result in the reduced threshold of physiological reactivity, which 
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can drive more frequent activation of the HPA axis (Kagan & Snidman, 1999; Kagan, 

Reznick, & Snidman, 1987) and consequently increase the risk of AL (McEwen, 2003).  

Fearfulness and HPA axis functioning. Alterations in stress reactivity have been 

found in some fearful children. Specifically, the presence of temperamental fearfulness 

appears to result in an exaggerated level of stress reactivity in response to naturalistic 

stressors. As an example, a study conducted with 4-year-old children, which investigated 

adaptation to school entry after an acclimation period of two months, uncovered that 

while stress reactivity increased somewhat for all children, it was the most pronounced in 

temperamentally fearful children (Groeneveld et al., 2013). Further, there was a trend that 

showed stress reactivity was highest in those fearful children who had previous ample 

group care exposure. Since prior experience is considered a form of habituation and has 

been shown to attenuate stress reactivity in children (e.g., Zimmerman & Stansbury, 

2004), this finding supports the inference that some fearful children do not readily adapt 

to their surroundings. In addition, a modest positive association between fearful 

temperament and stress reactivity also has been found in pre-school-aged children 

following both social and non-social fear provoking tasks in the laboratory (Talge et al., 

2008). Interestingly, while 90% of the children who were fearful across both laboratory 

challenges responded with an increase in stress reactivity, only 50% of consistently non-

fearful children responded. As such, this finding suggests the presence of an increased 

sensitization of fearful children’s HPA axes and implies that unmeasured intrapersonal 

characteristics other than fearfulness are contributing to stress reactivity or inactivity in 

non-fearful children.  
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Interestingly, however, some studies have failed to find these associations, even 

when children had to interact with novel objects and unfamiliar adults, which should be 

salient stressors for fearful children (Hutt, Buss, & Kiel, 2013). Similarly, one study 

conducted during middle childhood also did not find any associations between stress 

reactivity and fearfulness following a psychosocial paradigm (Van Hulle, Shirtcliff, 

Lemery-Chalfant, O’Brien, & Goldsmith, 2011). Disparate findings such as these warrant 

further investigations into what other intrapersonal characteristics may be moderating 

relationships between temperamental fearfulness and stress reactivity.  

Behavioral inhibition and shyness. Behavioral inhibition is characterized by a 

general pattern of wariness and fear that is observed as a child responds to novelty, 

unfamiliarity, and challenge (Kagan et al., 1989). Inhibited children remain highly 

vigilant of the surrounding environment for extended periods of time, appear to have a 

lower threshold of physiological reactivity, and are quicker to exhibit distress than 

uninhibited children (Kagan et al., 1987; Kagan & Snidman, 1999). Behavioral inhibition 

is similar to the temperamental facet of shyness; however, shyness is characterized by 

inhibited behaviors that occur specifically within social contexts (Burgess, Rubin, Cheah, 

& Nelson, 2001). Thus, the withdrawn inhibited behaviors characteristic of shy children 

are driven by dysregulated fear states that pertain to novelty, challenges, and negative 

evaluations that take place within a social context (Rubin, Coplan, & Bowker 2009). Both 

behavioral inhibition and shyness have been associated with the later development of 

internalizing problems (e.g., anxiety-related disorders) (Chronis-Tuscano, et al., 2009; 

Essex Armstrong, Burk, Goldsmith, & Boyce, 2011; Schwartz, Snidman, & Kagan, 1999) 
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as well as alterations of the HPA axis (e.g., Essex, Klein, Slattery, Goldsmith, & Kalin, 

2010; Granger, Weisz et al., 1994; Schmidt et al., 1997).  

 Shyness and HPA axis functioning. Based on both the observable behaviors of 

shy inhibited children as well as initial findings, Kagan et al. (1987) postulated that the 

physiological profile of these children was one of increased basal activity and stress 

reactivity of the HPA axis in comparison to more uninhibited children. However, to date, 

findings have been mixed. Generally, when sampled in the home or other familiar 

contexts, levels of basal cortisol have been positively associated with shy inhibited 

temperament in toddlers and young children. Specifically, higher morning cortisol levels 

have been positively associated with shy, anxious, and internalizing behaviors in toddlers 

(de Haan et al., 1998) and temperamental shyness in 4-year-old children (Schmidt et al., 

1997). Moreover, teacher-reported levels of children’s social fearfulness have predicted 

heightened afternoon basal cortisol levels and large increases across the day at childcare 

(Watamura et al., 2003).  

Findings involving naturalistic stressors such as the transition into a new school 

year also have uncovered positive associations. When sampled across several months into 

the school year, basal cortisol levels have been shown to remain heightened and even 

significantly rise for some inhibited children, which would be indicative of stress 

reactivity (Tarullo, Mliner, & Gunnar, 2011). Interestingly, the highest levels of cortisol 

among shy children overall were found in those who were more popular and had more 

friends. Thus, the more socially integrated these shy children were, the higher their 

cortisol levels. This implies that the management of social relationships is a salient daily 

stressor for some shy children, and one that these shyer more popular children cannot 
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manage with avoidant coping strategies (e.g., self-isolation). Thus, when forced to 

actively manage a stressor such as interpersonal relationships, chronic reactivity of the 

HPA axis can result.  

Additionally, in the face of novelty, associations between shy inhibited 

temperament and basal cortisol have been negative (e.g., Buss et al., 2004; Tennes & 

Kreye, 1985). While this is more in line with findings from shy young adults (e.g., 

Beaton et al., 2006; Beaton, Schmidt, Schulkin, & Hall, 2013), the direction of the 

association is counter to the original suppositions about what the physiological profile of 

shy inhibited children should be. Further, even in instances where direct associations are 

found between cortisol and shy temperament, shy children have been found to have 

cortisol levels that range from high to low, while more uninhibited children have 

consistently low levels (e.g., Schmidt et al., 2007). This not only illustrates a large degree 

of variability exists among the same temperamental disposition, but the possibility that 

this variation could mask potential associations between stress reactivity and shyness.  

Evidence for associations between shy inhibited temperament and stress reactivity 

in novel contexts is mixed. Specifically, following stranger approach paradigms in which 

children must interact with unfamiliar adults, two studies have illustrated that shyness in 

preschool aged children has been positively associated with stress reactivity (Kertes et al., 

2009; Zimmerman & Stansbury 2004). Similar elevations have been seen following a 

laboratory-based social conflict task with a familiar adult (i.e., parent) in children who 

were rated as the most socially withdrawn and anxious (Granger, Weise et al., 1994). 

However, at times, repeated stress exposure has been needed in order for associations 

between shy inhibited behaviors and stress reactivity to surface (e.g., Granger, Stansbury 
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et al., 1994). This illustrates that for these children context familiarity can influence 

associations between shy inhibited temperament and stress reactivity.  

The majority of null findings between shy inhibited temperament and stress 

reactivity have surfaced in times of novelty, both in the laboratory as well as 

naturalistically (e.g., school). Specifically, while both increases in anxiety and heart rate 

were found following a self-presentation task in 7-year-old temperamentally shy children, 

no difference in stress reactivity between shy and non-shy children was found (Schmidt 

Fox, Schulkin, & Gold, 1999). Similarly, no positive associations between shyness and 

stress reactivity have surfaced during the start of a new school year, even though children 

were acclimating themselves to new social contexts (e.g., de Haan et al., 1998; E. P. 

Davis et al., 1999). At least some evidence exists that supports that shy children’s HPA 

axis regulation is associated with the effectiveness of the behavioral regulation strategies 

they utilize during stressful situations (E. L. Davis & Buss, 2012). Thus, if shy children 

are able to cope with a stressor in ways that align with their inherit tendencies (e.g., 

withdrawal, avoidance), it is quite possible that there will be no measurable increase in 

stress reactivity. However, if they must actively confront a stressor they rather avoid, 

stress reactivity may increase for these children. Thus, intrapersonal characteristics 

associated with self-regulation should be investigated, as they may provide a further 

rational for the inconsistent findings.  

Surgency. As per the Rothbart model (Rothbart & Derryberry, 1981), the 

temperament factor surgency is comprised of three measurable facets including high 

intensity pleasure seeking/surgency as well as fear and shyness (reverse loaded). Surgent 

children are characterized as having high levels of positive affect and activity; displaying 
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some degree of impulsivity; and being low in shyness, withdrawal, and fear. Surgent 

children are more likely to approach and seek out novelty in the environment as they are 

markedly uninhibited, enthusiastic, and exuberant (e.g., Calkins, Fox, & Marshall, 1996; 

Putnam & Stifter, 2005; Rothbart, Ahadi, & Evans, 2001). Surgency is also strongly 

related to feelings of positive excitement and the rapid activation of approach behaviors 

that move children toward a potential reward (Rothbart, 2011). However, when the 

propensity for high approach behaviors are not well regulated, facets of surgency have 

been linked with increased externalizing symptomatology such as frustration and 

aggression when children’s goals are blocked (Derryberry & Rothbart, 1997), displays of 

tense angry affect (e.g., Donzella, Gunnar, Krueger, & Alwin, 2000), and aggressive peer 

interactions (e.g., Gunnar et al., 2003).  

Surgency and HPA axis functioning. Positive associations between surgency and 

measurable facets of the HPA axis have been found when children are adapting to 

novelty in the laboratory or during transitional periods like the start of a new school year. 

Specifically, in a laboratory setting, surgent children have been found to display 

increased stress reactivity following a social stressor (i.e., stranger approach paradigm) 

(Zimmerman & Stansbury, 2004). Further, elevations in stress reactivity have been found 

in different age groups of surgent elementary school children at the end of the first week 

of school (Bruce et al., 2002; E. P. Davis et al., 1999). Since levels of cortisol drop off for 

surgency children after an acclimation period (e.g., Tarullo et al., 2011; Turner-Cobb et 

al., 2008), it seems likely that these increases in stress reactivity were in response to the 

facilitation of engaged behaviors with peers during this important time of group 

formation (e.g., Granger, Stansbury, Lopez, & Kauneckis, 1992). That said, the 
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abovementioned associations were especially pronounced between stress reactivity and 

the high intensity pleasure seeking facet of surgency (Bruce et al., 2002; E. P. Davis et 

al., 1999). Since this facet reflects the more impulsive, sensation seeking, undercontrolled 

aspects of this temperamental factor, the increases seen also could reflect that these 

children were coping with behavioral and social challenges overly zealous children might 

encounter in a structured school setting.  

Indeed, both increased levels of basal cortisol as well as increased stress reactivity 

also have been found in surgent children when their behaviors were undercontrolled. For 

example, during a transition to group childcare, basal cortisol levels in 2-year-old 

children were positively associated with externalizing behaviors characteristic of 

unregulated surgency (e.g., assertive, angry, aggressive) (de Haan et al., 1998). In 

addition, while findings indicate that surgent children’s basal cortisol levels begin to drop 

off as their school environment becomes more familiar, this does not appear to be the 

case for all surgent children. Specifically, in 4-year-old surgent children, levels of 

morning and evening cortisol still were heightened six months into school when these 

children also experienced social isolation (e.g., peer-rejection) (Turner-Cobb et al., 2008). 

Further, these levels not only were higher than other surgent children who were not 

socially isolated, but also were higher than less surgent children. Similarly, Tarullo et al. 

(2011) uncovered that while basal cortisol levels declined for surgent children following 

acclimation to the school envelopment, those surgent children who were less socially 

integrated and had fewer friends did not show these declines.  

Additionally, a study in 3 to 5-year-old children revealed that those characterized 

by teachers as more surgent and lower in effortful control showed increased stress 
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reactivity following a competitive game task (Donzella et al., 2000). Further, in children 

within that same age group, Gunnar et al. (2003) found that a composite measure of 

surgency and poor effortful was associated with elevated basal cortisol levels taken in a 

familiar school setting. However, this association was mediated by aggressive behaviors 

and discordant peer interactions. After controlling for this effect, the resultant 

relationship between this composite measure and basal cortisol was negative. This 

negative association is in line with others who have found such associations between 

children high in approach behavior and stress reactivity (e.g., Blair, Peters, & Granger, 

2004) as well as work done in adolescents that uncovered higher levels of extraversion 

longitudinally predicted lower stress reactivity following a psychosocial stressor 

paradigm (B. Evans et al., 2016). However, levels of self-regulatory abilities were not 

assessed in these latter studies.  

Temperamental Reactive Intrapersonal Characteristics Summary                          

and Conclusions  

Overall, children with high levels of negative affectivity, fear, and shyness are 

said to be more physiologically reactive than those high in surgency. However, growing 

evidence supports that context familiarity plays a moderating role in associations between 

temperament and measurable facets of the HPA axis. Generally, increases in both basal 

cortisol levels and stress reactivity appear characteristic of inhibited children (i.e., shy, 

fearful) in familiar contexts, but generally are not found (e.g., E. P. Davis et al., 1999; de 

Haan et al., 1998; Schmidt et al., 1999) or reverse direction (e.g., Buss et al., 2004; 

Tennes & Kreye, 1985) when the context is novel. Thus, for these children the concern is 
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over the failure of their systems to habituate to the surrounding environment, as a lack of 

habituation has been connected to allostatic load (McEwen, 2003).  

 Conversely, the pattern in more surgent extroverted children is reversed, with 

these children showing increases in measurable facets of the HPA axis initially when 

adapting to a novel context, which then wanes as they habituate to their surroundings 

(e.g., E. P. Davis et al., 1999; de Haan et al., 1998; Tarullo et al., 2011; Turner-Cobb et 

al., 2008). Children who display basal or reactivity patters of the HPA axis akin to 

surgent children have been described as socially competent and well-liked by peers (e.g., 

Gunnar et al., 1997). Thus, it could be argued that surgent children have a greater 

propensity for resiliency when indexed by level of stress reactivity; however, at times 

where surgency is not well regulated, such when effortful control skills are deficient, 

dysregulated patterns of responsivity also have been found (e.g. Donzella et al., 2000). 

This illustrates the importance of looking at multiple intrapersonal characteristics when 

investigating these associations. Further, it should be noted that while these are general 

patterns of results, there are findings that do not fall in line with them (e.g., Zimmerman 

& Stansbury, 2004). Taken together, this emphasizes the need to explore intrapersonal 

characteristics capable of moderating associations between stress reactivity and reactive 

aspects of temperament, while remaining mindful of the influence of stressor context.  

Temperamental Regulatory Intrapersonal Characteristics and the HPA Axis  

Effortful control. Effortful control is primarily a cognitive construct that 

extensively involves a child’s underlying executive attention abilities; it has been linked 

to activity in the anterior cingulate gyrus and prefrontal cortex (Posner & Raichle, 1994; 

Rueda, Posner, & Rothbart, 2003). Effortful control exerts its influence on behavior 
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through the regulation of the reactive facets of temperament and has three measurable 

facets, including inhibitory control, activation control, and attention control (Ellis & 

Rothbart, 2001). Inhibitory control is defined as the ability to inhibit a dominant response 

in order to perform a more subdominant response (see D. Evans & Rothbart, 2007). As an 

example, a surgent child could apply this skill in order to inhibit aggressive impulses that 

could rise out of states of negative affectivity such as anger. The second facet, activation 

control, refers to a child’s capacity to perform an action when there is a strong tendency 

to avoid it (see D. Evans & Rothbart, 2007). Thus, a shy inhibited could apply this skill in 

order to override their tendency to use avoidance behaviors to cope and, instead, actively 

engage with their surroundings. The third facet, attentional control is defined as the 

ability to intentionally shift and focus attention (see D. Evans & Rothbart, 2007; 

Rothbart, Ahadi, & Hershey, 1994). Application of this skill has decreased the risk of 

anxiety symptoms in behaviorally inhibited children as young as 4 years old (White, 

McDermott, Degnan, Hendersen, & Fox, 2011). As can be seen, effortful control skills 

are necessary for the regulation of the reactive components of temperament and greatly 

contribute to the successful social development of children (Calkins & Fox, 2002; 

Eisenberg, Champion, & Ma, 2004).  

 Effortful control and HPA axis functioning. The facets of effortful control 

respectively and in concert with one another also shape child’s ability to cope with stress 

through the regulation of emotions, thoughts, and actions (Derryberry, Reed, & 

Pilkenton-Taylor, 2003; Rueda & Rothbart, 2009). As such, some researchers have 

conceptualized effortful control as regulation under stress (Skinner & Zimmer-Gembeck, 

2007). Effortful control has been related to adaptive coping strategies such as direct 
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problem solving, decision making, and positive reappraisals (Lengua & Long, 2002; 

Lengua et al., 1999). However, while the presence of effortful control abilities appear to 

confer benefits when a child is faced with stressors, its associations with the measurable 

facets of the HPA axis are less clear.  

While investigations attempting to capture direct associations between effortful 

control and basal cortisol levels have yielded mixed results, findings involving the HPA 

axis’s diurnal rhythm and other measures of basal cortisol consistently have been 

negative. Specifically, in preschool aged children, low levels of effortful control have 

been associated with a reversal of the HPA axis’s diurnal rhythm when sampled in 

childcare settings (Dettling et al., 1999; Dettling et al., 2000). Additionally, during the 

initial weeks of preschool, children who exhibited high basal cortisol (i.e., median levels) 

at the beginning of the term and or maintained high basal levels throughout the transition 

also had low levels of effortful control (i.e., attentional and inhibitory control) (Gunnar et 

al., 1997). Similarly, in another study, Turner-Cobb et al. (2008) found that when 

sampled two weeks into the school year, poorer effortful control was associated with 

higher morning basal cortisol as 4-year-old children transitioned to their first formal year 

of school.  

Kryski et al. (2013) found that effortful control moderated a positive link between 

parental negative affectivity and both measurable facets of the HPA axis in children such 

that negative affectivity and cortisol were associated only for those children low in 

effortful control (i.e., inhibitory control). Low levels of effortful control also have been 

linked to increased stress reactivity when frustration paradigms are employed. 

Specifically, these negative associations have surfaced between teacher-reported effortful 
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control and stress reactivity in 3 to 5-year-old children following a competitive game 

(Donzella et al., 2000). Similarly, low levels of effortful control have longitudinally 

predicted increased stress reactivity in response to a frustration task in 7-year-old children 

(Mayer, Abelson, & Lopez-Duran, 2014). Further, Spinrad et al. (2009) found increased 

stress reactivity in pre-school aged children following a social frustration paradigm (i.e., 

not sharing task). However, this heightened reactivity then was positively linked with 

parent-reported levels of effortful control. Indeed, other positive associations between 

effortful control skills and stress reactivity also exist. As an example, toddlers with more 

sophisticated mental development and higher levels of attentional abilities displayed 

increased stress reactivity to a challenge (Blair et. al, 2008). Further, while adolescents 

with high levels of effortful control reported feeling less aroused, less unpleasant, and 

more in control during exposure to a psychosocial stressor, effortful control predicted 

stronger heart rate responses to stress; in female participants it also was positively 

associated with stress reactivity (Oldehinkel, Hartman, Nederhof, Riese, & Ormel, 2011).  

Effortful control assessments and HPA axis functioning. Since the relationship 

between increasing levels of cortisol and adaptive functioning is that of an inverted U 

(Sapolsky, 1997), hyper- or hypo-responsivity of the HPA axis can cause impairments in 

the neurobiological processes related to effortful control skills and the executive 

functions posited to underlie them (Blair, Granger, & Peters-Razza, 2005). Thus, studies 

also have been conducted to uncover how measurable facets of the HPA axis are related 

to performance on neuropsychological tasks that tap into brain areas involved in self-

regulation (e.g., midprefrontal cortex) (Posner, 1995) as well as ratings of children’s 

effortful control. Specifically, it was found that children with higher basal cortisol 
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sampled at home and more stress reactive levels sampled at the laboratory were those 

who performed more accurately on the tasks (E. P. Davis, Bruce, & Gunnar, 2002). 

Performance on the test battery subsequently was positively associated with parent-

reported levels of inhibitory control. Similarly, Blair et al. (2005) found that in 5-year-old 

children, increased stress reactivity following the completion of executive attention 

measures was linked to better performance and higher teacher-reported effortful control. 

However, greater stress reactivity following challenging tasks tapping into a similar 

cognitive domain was associated with poorer performance on a test of inhibitory control 

(e.g., slow-down motor task) (Lisonbee, Pendry, Mize, & Gwynn, 2010). Taken together, 

these findings speak to the fact that cortisol increases that may be seen following stressor 

paradigms are not necessarily indicative of distress, but rather could be reflective of 

active task engagement as well.  

Personality-Based Regulatory Intrapersonal Characteristics and the HPA Axis   

 Conscientiousness. It has been suggested that effortful control appears to be a 

common developmental substrate of both conscientiousness and agreeableness (Ahadi & 

Rothbart, 1994; Jensen-Campbell et al., 2002). Indeed, the core of conscientiousness 

appears to be the predisposition to constrain impulses in efforts to follow rules or pursue 

future goals, which reflects aspects of self-regulation (Shiner & DeYoung, 2013). 

However, while conscientiousness may capture a child’s capacity for self-regulation, it is 

more complex than the effortful control skills that precede it. Conscientiousness 

individuals are described as dutiful, deliberate, and perfectionistic (McGhee, Ehrler, & 

Buckhalt, 2007) as well as organized, ambitious, persistent, and self-disciplined, and are 

driven by a high need for achievement (Costa & McCrae, 1985). Both conscientiousness 
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and effortful control are important predictors of both academic success and better social–

emotional functioning in childhood and adulthood (Duckworth & Allred, 2012; 

Eisenberg, Spinrad, & Eggum, 2010; Liew, 2012).  

 Mounting evidence from studies conducted in adults suggests that 

conscientiousness plays a buffering/regulatory role against stress, possibly through better 

stress management and coping strategies, which in turn would allow an individual to be 

more tolerant to stressors (Besser & Shackelford, 2007). Indeed, conscientiousness has 

been associated with active coping strategies (Connor-Smith & Flachsbart, 2007; Penley 

& Tomaka, 2002) as well as positive reappraisals (e.g., Watson & Hubbard, 1996). 

Conscientiousness individuals also report lower levels of perceived stress and fear 

(Penley & Tomaka, 2002). Further, conscientiousness has been found to moderate a 

negative association between the appraisal of daily hassles as stressful and positive 

affectivity, such that the relationship between the two was stronger for those low or 

average in conscientiousness (Gartland, O’Connor, Lawton, & Ferguson, 2014). 

Interestingly, conscientiousness also has been negatively associated with anger, and high 

levels of conscientiousness have been found to decouple a positive link between anger 

and aggressive behaviors (Jensen-Campbell et al., 2007).  

Conscientiousness and HPA axis functioning. The majority of the 

physiologically based data also support negative associations between conscientiousness 

and measurable facets of the HPA axis, with little exception. Specifically, a negative 

association has surfaced between conscientiousness and stress sensitivity, as indexed by a 

heart rate reactivity in response to a stressor task (Brouwer, van Schaik, Korteling, van 

Erp, & Toet, 2015). In line with those findings, negative associations between stress 
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reactivity and specific facets of conscientiousness in adults also have been found 

following data aggregation (Pruessner et al., 1997). Further, a negative association also 

was uncovered between a facet of conscientiousness (i.e., self-discipline) and basal 

cortisol in adolescents (Laceulle et al., 2015). However, a positive association has 

surfaced between conscientiousness and stress reactivity in college-aged students 

following a psychosocial stressor (Garcia-Banda et al., 2011), while still others have been 

unable to link conscientiousness to stress reactivity at all (e.g., Laceulle et al., 2015; 

Oswald et al., 2006; Wirtz et al., 2007). Why these disparities may have occurred is 

largely unknown; however, it could be that some conscientiousness individuals require 

more or less active regulation of stressors, due in part to the presence or absence of other 

intrapersonal characteristics.  

Agreeableness. The personality factor of agreeableness reflects an individual’s 

tendencies toward empathetic and prosocial behaviors, and represents children’s general 

interpersonal orientation toward affiliation, nurturance, and warmth (see Shiner & 

DeYoung, 2013). Agreeableness has been related to self-regulatory abilities such as 

effortful control (Ahadi & Rothbart, 1994; Cumberland-Li, Eisenberg, & Reiser, 2004). It 

emerges from one’s early attention and self-regulatory abilities and contributes to the 

regulation of emotions and behaviors within social contexts (Caspi & Shiner, 2006). 

More specifically, agreeableness has been posited to be linked to the development of 

anger regulation (Ahadi & Rothbart, 1994), as those high in agreeableness are skilled at 

inhibiting hostile or aggressive impulses that may undermine interpersonal relationships 

(Graziano, & Tobin, 2002; Jensen-Campbell, Graziano, & Hair, 1996). Further, in 

adolescents, agreeableness has been related to aspects of self-regulation like patience and 
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flexibility, in addition to social connectedness (Farrell, Brook, Dane, Marini, & Volk, 

2015).  

When engaging with the environment, agreeable individuals are more likely to 

use active coping strategies (Hettler, 2001) and use more emotion-focused coping 

strategies such as social support seeking (Penley & Tomka, 2002). In school settings, 

agreeableness also has been positively associated with peer acceptance and friendship 

quality, and has been found to moderate an association between behavioral vulnerabilities 

and incidence of victimization, such that the association was found only in those children 

low in agreeableness (e.g., disagreeable) (Jensen-Campbell et al., 2002). To that regard, 

disagreeable children have been shown to be more angry and aggressive (Martin, Watson, 

& Wan, 2000) and to respond more negatively to interpersonal conflicts (Jensen-

Campbell et al., 1996). Thus, disagreeable children might experience more social and 

adjustment difficulties while in peer-group settings and, thus, have been characterized as 

antisocial (see Laursen & Richmond, 2014). Accordingly, disagreeable children should 

have a more difficult time adapting to school context than their more agreeable 

counterparts, who are adept at controlling negative affect and show general self-control in 

interpersonal settings (Ahadi & Rothbart, 1994; Jensen-Campbell et al., 1996).  

Agreeableness and HPA axis functioning. Agreeableness is capable of 

moderating associations between negative personality traits such as neuroticism and 

disordered behavioral outcomes that have been related to altered stress physiology (e.g., 

somatic distress [Ode & Robinson, 2009), depressive symptomatology [Ode & Robinson, 

2009]). However, in the handful of studies conducted, it has not been consistently 

associated with measurable facets of the HPA axis in adults or children; at times, no 
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associations have been found (e.g. Oswald et al., 2006; Wirtz et al., 2007), while at other 

times agreeableness has been associated with increased stress reactivity in adults 

following a psychosocial stressor (Bibbey et al., 2013). While this could have been 

indicative of active engagement with the stressor, an alternative is that agreeableness 

alone was unable to successfully manage any negative emotions triggered by the stressor. 

Indeed, highly agreeable individuals appear to experience greater distress in times of 

interpersonal conflicts (e.g., Suls, Martin, & David, 1998). Further, agreeableness has 

been associated with increased levels of anger, following a fictitious negative feedback 

paradigm (Jensen-Campbell et al., 2007). While this association was only found in those 

concomitantly low in conscientiousness, it implies agreeable individuals may be more 

vulnerable to social judgments; the presence of other self-regulatory intrapersonal 

characteristics is needed to manage this vulnerability.  

 Emotional regulation. Emotions are reactions to internal or external 

environmental perturbations that include both biological and psychological components 

(Cicchetti Ackerman, & Izard 1995; Thompson, 1994). Emotional regulation refers to the 

process of modulating these reactions via transitioning between physiological, 

behavioral, and subjective emotional responses in order to guide behavior and promote 

adaptation (Cole, Martin, & Dennis, 2004; Thompson, 1994; Vazsonyi & Huang, 2010). 

Average levels of emotional regulation denote that an individual is emotional stable and, 

while still moved by their emotions, they are able to restrain and control their feelings 

when necessary (McCrae, 1990; Ormel & Wohlfarth, 1991; Schwebel & Suls, 1999). 

Children with very high scores in this factor are said to be resistant to stress; however, 
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this extreme overregulation is not necessarily adaptive and can result in a stoic apathetic 

nature (McGhee, Ehrler, & Buckhalt, 2007).  

 Low emotional regulation and HPA axis functioning. Importantly, the 

personality dimension of emotional regulation lies on the opposite pole of neuroticism, 

which is tied most closely to temperamental negative affectivity. Those who score low in 

emotional regulation display neurotic tendencies, including increased levels of distress 

and negative affect; are emotionally overactive to their environments; and display a 

temperamental sensitivity to negative stimuli (Bradley, Mogg, White, Groom, & de 

Bono, 1999; S. Eysenck, Eysenck, & Barrett, 1985). Low levels of emotional regulation 

also reflect a decreased inability to cope with threat or challenge; thus individuals who 

are neurotic are especially sensitive to even the minor stressors encountered as a part of 

daily life (Zobel et al., 2004). This is fueled in part by their lack of emotional regulation 

and employment of ineffective coping strategies, which may increase feelings of distress. 

In the adult literature, high levels of neuroticism have been associated with both 

increased stress reactivity (Zobel et al., 2004) and blunted stress reactivity (LeBlanc & 

Ducharme, 2005; Oswald et al., 2006; Phillips, Carroll, Burns, & Drayson, 2005) as well 

as with an increased production of cortisol across the day (Nater, Hoppman, & Klumb, 

2010). However, the study of direct or interaction effects between this facet and HPA 

reactivity in typically developing children is virtually nil. 

 Openness to experience. Openness is the broadest of all five personality factors 

and represents a child’s level of imagination, curiosity, depth of feeling, receptiveness to 

new ideas, and need for variety (De Pauw & Mervielde, 2010). Openness also includes 

the facets of fantasy, aesthetics, feelings, and actions as well as ideas and values. It has 
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been posited that differences in several facets of openness to experience, including 

sensory sensitivity as well as curiosity and imagination, reflect temperamental differences 

in a biologically based system that promotes active exploration of the environment (e.g., 

approach) (Shiner & DeYoung, 2013). Indeed, highly open individuals embrace novel 

things or experiences and are very attentive to both internal and external sensory 

stimulation (e.g., enhanced perceptual sensitivity) (Caspi & Shiner, 2006). Children high 

in openness also take pleasure in creative and intellectual work, and have been said to 

readily adapt when faced with uncertainty (Abe, 2005; Shiner & Masten, 2008). 

Conversely, those low in openness tend to prefer familiarity to novelty, and are 

considered conservative and resistant to change (Costa & McCrae, 1985). Further, low 

openness also has been associated with the use more avoidant coping strategies (e.g., 

Bouchard, Guillemette, & Landry-Leger, 2004). Thus, low levels of openness may 

impede adaptation.  

When faced with stressors, individuals high in openness are able to successfully 

manage their negative reactions and, in turn, report feeling better equipped to cope with 

stressors (Leger, Charles, Turiano, & Almedia, 2016). Open individuals also have been 

found to use more problem-focused coping strategies in which they tackle the cause of 

the stressor directly in order to reduce its severity (e.g., Bouchard et al., 2004). In 

addition to problem-focused coping, open individuals also have been found to use 

positive reappraisals during stress (e.g., O’Brien & DeLongis, 1996). In fact, openness 

has been related to increases in positive affect over the course of a mathematically based 

stressor paradigm (Schneider, Rench, Lyons, Riffle, 2012).  
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Openness to experience and HPA axis functioning. In regard to the 

physiologically based findings, two studies investigating associations between 

personality traits and stress reactivity in adults found that lower levels of openness were 

associated with weaker stress reactivity following psychosocial stress paradigms (Bibbey 

et al., 2013; Oswald et al., 2006). Both studies respectively concluded that this was 

reflective of maladaptation. However, a negative association has emerged between 

openness and blood pressure reactivity (Williams, Rau, Cribbet, & Gunn 2009), and 

likewise higher levels of openness have been negatively associated with stress reactivity 

as well (Wirtz et al., 2007). Still others have found no associations (Schoofs, Hartmann, 

& Wolf, 2008). While the physiological data is somewhat mixed, overall, high levels of 

openness appear to help one cope and manage stress in an active way.  

Additional Self-Regulatory Intrapersonal Characteristics and the HPA Axis  

Trait mindfulness and HPA axis functioning. Another self-regulatory 

intrapersonal characteristic related to effortful control skills is that of trait mindfulness. 

Those high in trait mindfulness are characterized as having pronounced attentional 

awareness and a disposition toward openness and acceptance of their experiences (Bishop 

et al., 2004). Trait mindfulness has been found to predict other self-regulatory behaviors 

as well as positive emotional states (Brown & Ryan, 2003). Individuals who are higher in 

trait mindfulness also demonstrate better psychological health and well-being in their 

daily lives (Keng, Smoski, & Robins, 2011). Additionally, trait mindfulness also has been 

associated with brain regions involved in executive attention and emotion regulation (Lu 

et al., 2014). Thus, it has been postulated that, much like the way children apply effortful 

control skills, those high in trait mindfulness are able to regulate their emotions by 
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modulating reactive mind states when experiencing distress (Linehan, 1993). Trait 

mindfulness has been inversely associated with both neuroticism and anger (Feltman, 

Robinson, & Ode, 2009), in addition to being associated with lower levels of self-

reported anxiety and negative affect in young adults following a psychosocial stressor 

(Brown, Weinstein, & Creswell, 2012). Additionally, trait mindfulness has negatively 

predicted stress reactivity following a psychosocial stressor (Brown et al., 2012). Thus, it 

appears that trait mindfulness is capable of attenuating HPA axis reactivity in response to 

social evaluative threat, perhaps through the regulation of reactive states of mind.  

Self-Regulatory Intrapersonal Characteristics - Summary and Conclusions 

As reviewed, effortful control regulates the reactive facets of temperament and 

allows children to cope with stress through the regulation of emotions, thoughts, and 

actions (Derryberry et al., 2003; Rueda & Rothbart, 2009). High levels of effortful 

control have been found to decouple a positive association between parent negative 

affectivity and stress reactivity in children (Kryski et al., 2013), while low levels of 

effortful control have been associated with increased stress reactivity (e.g., Donzella et 

al., 2000; Mayer et al., 2014). However, at times increased stress reactivity also has been 

positively linked to effortful control (e.g., Blair et. al, 2008; Oldehinkel et al., 2011; 

Spinrad et al., 2009). This seems especially true when cortisol samples are taken 

following challenging tasks that measure effortful control skills (Blair et al., 2005; E. P. 

Davis et al., 2002).  

Conscientiousness and agreeableness also capture a child’s capacity for self-

regulation (Shiner & DeYoung, 2013). These intrapersonal characteristics have been 

associated with the use of active coping strategies during stressor exposure (Connor-



 

! 40 

Smith & Flachsbart, 2007; Hettler, 2001; Penley & Tomaka, 2002), and have both been 

shown to moderate links between negatively valenced behaviors that, at times, have been 

associated with altered stress reactivity in adults (e.g., anger [Jensen-Campbell et al., 

2007]. somatic distress [Ode & Robinson, 2007]). However, as with effortful control, 

findings involving direct associations between these intrapersonal characteristics and 

stress reactivity have been mixed. Specifically, conscientiousness has been both 

negatively (Laceulle et al., 2015; Pruessner et al., 1997) and positively (Garcia-Banda et 

al., 2011) associated with measurable facets of the HPA axis, while agreeableness has 

been associated with increased stress reactivity in adults (Bibbey et al., 2013). Further, 

while agreeableness has many regulatory tendencies, there is at least some evidence that 

agreeable individuals may be more vulnerable to social evaluative threat (e.g., Jensen-

Campbell et al., 2007).  

Several facets of openness are said to reflect temperamental differences in a 

biologically based system that promotes active exploration of the environment (e.g., 

approach) (Shiner & DeYoung, 2013). Open individuals are able to successfully manage 

their negative reactions during stressors (Leger et al, 2016) and use more problem-

focused coping strategies (e.g., Bouchard et al., 2004) as well as positive reappraisals 

while managing stress (e.g., O’Brien & DeLongis, 1996). Positive associations between 

openness and stress reactivity have been found following psychosocial stressor exposure, 

with those low in openness having a blunted response (Bibbey et al., 2013; Oswald et al., 

2006). However, a negative association also has emerged between openness and stress 

reactivity as well (Wirtz et al., 2007). While the physiological data is somewhat mixed, 
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overall, high levels of openness appear to help one cope and manage stress in an active 

way. 

Trait mindfulness and emotional regulation are two other self-regulatory 

intrapersonal characteristics that may moderate associations between other intrapersonal 

characteristics and stress reactivity. Individuals high in trait mindfulness regulate their 

emotions by modulating reactive mind states when experiencing distress (Linehan, 1993). 

Trait mindfulness has been associated with lower levels of self-reported anxiety and 

negative affect in young adults following a psychosocial stressor (Brown et al., 2012), 

and has negatively predicted stress reactivity also following a psychosocial stressor 

(Brown et al., 2012). Less is known about the relationship between emotional regulation 

and stress reactivity, as measured in the five-factor model. While this factor is indicative 

of emotional stability (McCrae, 1990; Ormel & Wohlfarth, 1991), it often is measured in 

the adult literature as neuroticism. Low levels of emotional regulation reflect a decreased 

inability to cope with threat or challenge (Zobel et al., 2004); however, it has been more 

consistently associated with blunted stress reactivity (LeBlanc & Ducharme, 2005; 

Oswald et al., 2006; Phillips et al., 2005) than increased stress reactivity (Zobel et al., 

2004).  

While there is at least some evidence that all the reviewed self-regulatory 

intrapersonal characteristics have the potential to help children manage stressors, the 

physiological data is a bit mixed. On one hand, several self-regulatory intrapersonal 

characteristics have been negatively associated with stress reactivity (e.g., Brown et al., 

2012; Mayer et al., 2014; Wirtz et al., 2007), while on the other several have been 

positively associated with stress reactivity (e.g., Bibbey et al., 2013; Blair et al., 2005; 
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Garcia-Banda et al., 2011). One explanation could be that various self-regulatory 

characteristics work synergistically with one another; thus their presence or absence 

would influence outcomes relating to stress reactivity. Further, different levels of reactive 

intrapersonal characteristics can influence how much energy and engagement the self-

regulatory intrapersonal characteristics need to contribute to behavioral regulation, 

differentially impacting levels of stress reactivity.  

Temperamental Ambiguous Intrapersonal Characteristics and the HPA Axis  

 Affiliativeness. In addition to the reactive and regulatory dimensions of 

temperament, Rothbart, Posner, and Kieras (2006) have posited that a biologically based 

affiliative system also exists; one that may underlie differences in both prosocial and 

aggressive behavior in children. The temperamental factor of affiliativeness represents a 

child’s desire for gratifying states of closeness with others that is independent of 

surgency/extroversion. It is comprised of three measurable facets: affiliation, perceptual 

sensitivity, and pleasure sensitivity. The facet of affiliation reflects a child’s desire for 

emotional closeness and warmth in social situations as well as their genuine concern for 

others (D. Evans & Rothbart, 2007). Perceptual sensitivity reflects a child’s ability to 

detect and respond to environmental stimuli, which are low in intensity, rate, complexity, 

novelty, and incongruity. Lastly, pleasure sensitivity measures the level of enjoyment a 

child feels as they engage in low intensity tasks and environmental stimuli (Ellis & 

Rothbart, 2001). Taken together, children who are high in affiliativeness have a strong 

desire for social contact, but, unlike surgent high-intensity pleasure seeking children, they 

are more sensitive to and take enjoyment in low-intensity stimulation. To that regard, 

affiliativeness has been positively associated with internalizing problems in childhood 
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and adolescence (Ellis, Rothbart, & Posner, 2004). An explanation for this positive 

association is that children high in affiliativeness might be more susceptible to feelings of 

depression in the face of social rejection or loss (Rothbart, 2011).  

Affiliativeness and HPA axis functioning. In adults, high trait affiliativeness has 

been shown to predict smaller cortisol and blood pressure responses following a 

psychosocial stressor (e.g., Childs, White, & de Wit, 2014). This suggests that perhaps 

affiliation provides a stress buffering effect, at least if the stressor has a social 

component. However, children high in affiliativeness may be more apt to adopt coping 

strategies that are too dependent on the help and support of their peers (e.g., befriending) 

(Taylor, 2006). As such, if peers are unsupportive or hostile, psychological distress and 

stress reactivity might increase, whereas if they are supportive and comforting, stress 

responses may decline (see Taylor, 2006).  

Present Study and Hypotheses 

The present study utilized a cross-sectional design with data collected in two 

waves (then averaged together) over a 7-week period in school-aged children to (1) 

establish and examine on average differences in self-reported intrapersonal 

characteristics, including temperament, personality, and related constructs among 

children who responded (i.e., responders) to a common school-based stressor paradigm 

(i.e., pop-quiz) and those who did not (i.e., nonresponders); (2) determine associations 

between a broad range of intrapersonal characteristics including temperament, 

personality, and related measures; (3) explore any direct associations (main effects) 

between intrapersonal characteristics and HPA axis stress reactivity; and (4) investigate 

whether unique combinations of intrapersonal characteristics interact and how these 
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interactions are associated with stress reactivity. Based upon the presented literature 

review containing theory and research from domains such as developmental psychology, 

physiology, and psychobiology, several specific study aims were generated and multiple 

hypotheses were advanced.  

General Aims and Hypotheses 

 Aim 1. To establish significant differences in intrapersonal characteristics 

between those who responded to the pop-quiz stressor paradigm with increases in stress 

reactivity and those who do not, a series of independent samples t-tests compared 

responders and nonresponders on intrapersonal characteristics. 

 Hypothesis. Past findings support that, in familiar peer group settings such as the 

classroom, children with intrapersonal characteristics related to inhibition (e.g., shy, 

fearful) continue to experience increases in stress reactivity, illustrating a failure of their 

HPA axes to habituate (e.g., Gunnar et al., 1997; Tarullo et al., 2011), while more surgent 

children do not appear to have this same challenge (e.g., Tarullo et al., 2011; Turner-

Cobb et al., 2008). Thus, it was hypothesized that due to the context in which the stressor 

paradigm was administered as well as the commonplace nature of the paradigm itself 

(e.g., pop quiz) that not all children would respond with an increase in stress reactivity. 

Specifically, it was predicted that, on average, cortisol responders would report 

significantly higher levels of reactive intrapersonal characteristics associated with 

inhibited behaviors (e.g., shyness, fear, anxiety) as well as lower levels of surgency 

compared to nonresponders. Additionally, based on prior findings (e.g., Donzella et al., 

2000), it also was predicted that, on average, cortisol responders would report lower 
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levels of intrapersonal characteristics associated with self-regulation (i.e., effortful 

control) than nonresponders.  

 Aim 2. To explore and establish associations between aspects of temperament and 

personality, a series of bivariate correlations between intrapersonal characteristics were 

conducted. 

 Hypothesis 2. It is hypothesized that significant associations will emerge among 

the temperament and personality measures. Specifically, it was predicted that measures of 

self-regulation (e.g., attention, inhibitory control) would be positively correlated. 

Measures of internalizing symptomatology (e.g., depression, trait anxiety) were expected 

to be positively correlated. Measures reflecting preference for solitude/negative social 

affect (e.g., shyness, introversion) were expected to be positively correlated. Correlations 

between measures reflecting different aspects were not expected to be significantly 

associated.  

 Aim 3. To explore and establish direct (main effect) and moderated (interaction 

effect) associations between intrapersonal characteristics (e.g., temperament, personality) 

and stress reactivity, moderated associations were investigated in four distinct but related 

combinations. The Rothbart temperament model (Rothbart & Derryberry, 1981) 

represents a type of “dual process” model of behavior in which children’s lower order 

reactive tendencies are modulated by their higher order regulatory facets of temperament. 

This model posits that physiological reactivity is the result of dynamic interactions 

between reactive (e.g., fear) and self-regulatory (e.g., attention control) components of 

temperament (i.e., lower order reactive by higher order regulatory) (Rothbart, 2011). To 

enhance the model, a variety of additional intrapersonal characteristics were tested. They 
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were categorized as reactive, regulatory, or ambiguous as based upon theory as well as 

reviewed empirical evidence. In order to expand this theoretical framework, interactions 

between lower order intrapersonal characteristics believed to promote stressor 

sensitization (i.e., lower order reactive x lower order reactive) as well as interactions 

between higher order intrapersonal characteristics believed to promote stressor resiliency 

(i.e., higher order regulatory x higher order regulatory) also were considered. 

Furthermore, intrapersonal characteristics not clearly defined by theory or empirical 

evidence as either reactive or regulatory were tested and are heretofore referred to as 

‘ambiguous’ intrapersonal characteristics. To this end, a hierarchical multiple linear 

regression was conducted to test main effects and interaction effects of intrapersonal 

characteristics on stress reactivity. All possible two-way interactions were tested.  

 Stress reactivity main effects hypotheses. Hypothesis 3a. It is hypothesized that 

a direct association would emerge between self-regulatory factors (e.g., attention control, 

inhibitory control) and HPA axis stress reactivity. However, based on the available 

empirical evidence, two competing predictions were tested. Specifically, it was predicted 

that this type of intrapersonal characteristic would be negatively associated with stress 

reactivity (e.g., Brown et al., 2012; Mayer et al., 2014; Wirtz et al., 2007). Further, it was 

predicted that type of self-regulatory intrapersonal characteristic would be positively 

associated with stress reactivity (e.g., Bibbey et al., 2013; Blair et al., 2005; E. P. Davis et 

al., 2002; Garcia-Banda et al., 2011; Oswald et al., 2006).  

 Hypothesis 3b. It is hypothesized that a direct association would emerge between 

negatively valenced reactive intrapersonal characteristics (e.g., fear, shyness) and HPA 

axis stress reactivity, as these characteristics have been associated with a lack of 
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habituation to stressors experienced in familiar environments (Granger, Stansbury et al., 

1994; Tarullo et al., 2011). Specifically, it was predicted that this type of intrapersonal 

characteristic would be positively associated with stress reactivity.  

Hypothesis 3c. It was hypothesized that a direct association would emerge 

between positively valenced reactive intrapersonal characteristics associated with 

uninhibited behaviors (e.g., surgency) and HPA axis stress reactivity. Based on previous 

findings (e.g., Blair et al., 2004; Tarullo et al., 2011; Turner-Cobb et al., 2008), it was 

predicted that this type of intrapersonal characteristic would be negatively associated 

with stress reactivity.  

Hypothesis 3d. No specific hypotheses were advanced regarding direct 

associations of the ambiguous intrapersonal characteristics on HPA axis stress reactivity 

due to a dearth of clear empirical evidence.  

 Stress reactivity interaction hypotheses. Hypothesis 3e. It was hypothesized 

that self-regulatory (e.g., agreeableness), positive reactive (e.g., surgency), negative 

reactive (e.g., negative affect), and ambiguous (e.g., affiliation) intrapersonal 

characteristics would interact in unique ways to predict HPA axis stress reactivity. Due to 

limited and inconsistent prior empirical evidence, predictions were only advanced for 

certain interactions.  

(1) Reactive by regulatory model. In peer-group settings such as the classroom, 

both negatively valenced reactive intrapersonal characteristics (e.g., shyness, 

fear) as well as positively valenced reactive intrapersonal characteristics (e.g., 

surgency) have been associated with increased (Donzella et al., 2000; 

Zimmerman, & Stansbury, 2004) and decreased (e.g., Blair et al., 2004) stress 
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reactivity, respectively. Since behaviors are not only influenced by a child’s 

reactive tendencies, but by their ability to self-regulate them (Rothbart, 2003; 

Rothbart & Bates, 1999), one explanation for these disparities is that different 

levels of self-regulation abilities (e.g., effortful control) moderate the links 

between both negatively and positively valenced reactive intrapersonal 

characteristics and stress reactivity in distinct ways. Specifically, it was 

predicted that: (A) Under conditions of low levels of self-regulatory 

intrapersonal characteristics, negatively and positively valenced reactive 

intrapersonal characteristics would be positively associated with HPA axis 

stress reactivity. (B) Under conditions of high levels of self-regulatory 

intrapersonal characteristics, negatively and positively valenced reactive 

intrapersonal characteristics would be negatively associated with HPA axis 

stress reactivity.  

(2) Regulatory by regulatory model. While interaction effects between two 

intrapersonal characteristics related to self-regulation are rarely studied, there 

is at least some evidence that self-regulatory abilities (i.e., conscientiousness) 

have been shown to moderate links between other self-regulatory variables 

(i.e., agreeableness) and behaviors associated with altered stress reactivity 

(i.e., anger) (Jensen-Campbell et al., 2007). Regulatory intrapersonal 

characteristics are anticipated to interact synergistically. Thus, it was 

predicted that: (A) Under conditions of high levels of one self-regulatory 

intrapersonal characteristic (e.g., openness), a second self-regulatory 
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intrapersonal characteristic (e.g., effortful control) would be negatively 

associated with HPA axis stress reactivity.  

(3) Reactive by reactive model. Reactivity measures (i.e., positive affectivity) 

have been shown to moderate the effects of other reactive variables (i.e., 

negative affectivity) and disordered behaviors related to altered stress 

reactivity (i.e., internalizing symptomatology) (Dinovo & Vasey, 2011). Thus, 

both negatively and positively valenced reactive intrapersonal characteristics 

were expected to interact in unique ways. Thus, it was predicted that: (A) 

Under conditions of high levels of one reactive intrapersonal characteristic, a 

second reactive intrapersonal characteristic would be positively associated 

with HPA axis stress reactivity. 

(4) Prior research is unclear on the valance of certain seemingly ambiguous 

variables and their association with stress reactivity (e.g., perceptual 

sensitivity). There is a current dearth of research investigating the moderating 

effects of these ambiguous variables, so specific hypotheses were not 

advanced. However, related evidence (e.g., Aron, Aron, & Jagiellowicz, 2012) 

suggested that the direction of the moderation for these ambiguous 

intrapersonal characteristics may correspond with the valence of its 

intrapersonal characteristic counterpart.  
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CHAPTER 3. METHOD 

Participants 

 Following approval from the FAU IRB (Appendix A), participants were drawn 

from a larger study on mindfulness meditation, which took place at Florida Atlantic 

University’s Henderson Elementary School. Of the initial 115 participants recruited, 82 

(45 boys and 37 girls) 4th and 5th grade students (n = 82, Mean age = 9.66 years) 

completed all behavioral and physiological measures. Participants were excluded from 

analyses if they did not participate at both data collection time points, or if they had an 

individualized education plan (IEP) due to learning disabilities or behavioral issues.  

Procedure 

 Children were recruited from March to August 2010 via a letter to the parents of 

all 4th and 5th grade students attending Henderson Elementary School located on the Boca 

Raton campus of Florida Atlantic University. Of the 176 letters sent out to parents, 115 

(65%) were returned granting permission for their child to participate. Prior to study 

commencement, an informational meeting was held with all of the teachers involved in 

the study, during which an instruction manual outlining the study parameters was 

thoroughly reviewed. A reminder list of rules and procedures was emailed to all teachers 

48 hours prior to data collection.  

 Data collection occurred from late September through December 2010 at 

Henderson Elementary School. Participants completed a total of four sessions, including 

two information sessions and two stressor sessions. During the first information session, 
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participants were informed about general study procedures and completed child assent 

forms in their respective classrooms. Next, participants filled out the behavioral measures 

assessing temperament, personality, affect, mindful attention, and the trait portion of the 

general anxiety measure. The following week participants experienced a stressor session 

in each of their respective classrooms. At this time, basal and reactive levels of salivary 

cortisol were collected between 1:10 pm and 1:30 pm. Basal levels of cortisol were 

obtained immediately upon classroom entrance, while stress reactivity samples were 

collected approximately 25 minutes after stressor (i.e., pop quiz) onset.  

 All cortisol samples were collected with the Salivette sampling device (Sarstedt 

Inc., Rommelsdorf, Germany), which uses cotton rolls pretreated with citric acid to 

facilitate a salivary response. During the cortisol sampling, participants were instructed to 

roll the cotton swab around their mouths and under their tongues for two minutes to allow 

for thorough saturation. After both saliva samples were collected, the remainder of the 

behavioral measures were administered, including a measure of test anxiety and the state 

portion of the general anxiety measure. Behavioral measures and cortisol samples were 

removed immediately from the classroom. Cortisol samples were labeled, frozen, and 

stored within 30 minutes at -70C for future assay. Approximately five weeks later, the 

second information session was conducted and, two weeks after that, the second stressor 

session took place.  

Measures 

 All behavioral measures were pooled and averaged across time. Prior to  

calculating final reliability alphas, scale items with an item-total correlation of less than 

.05 were removed. 
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Temperament 

 The Early Adolescent Temperament Questionnaire-Revised (EATQ-R) (Ellis & 

Rothbart, 2001) examines self-reported child temperament. Items are rated on a 5-point 

Likert scale ranging from 1 (almost always untrue of you) to 5 (almost always true of 

you). The EATQ-R consists of 10 subscales (activation control, affiliation, attention, fear, 

frustration, high intensity pleasure seeking/ surgency, inhibitory control, pleasure 

sensitivity, perceptual sensitivity, and shyness) that load onto four higher-order 

temperamental dimensions: negative affect (NA), surgency (SUR), affiliation (AFL) and 

effortful control (EC). The EATQ-R has good internal consistency, test-retest reliability, 

and validity (Capaldi & Rothbart, 1992; Ellis & Rothbart, 2001).  

 EATQ-R Subscales. The activation control subscale consists of five items that 

include statements such as “I finish my homework before the due date.” The pooled 

reliability was adequate (α = .63), and no items were removed. The affiliation subscale 

consists of five items, which include statements such as “I am quite a warm and friendly 

person.” The pooled reliability was adequate (α = .69), and no items were removed. The 

aggression subscale consists of six items, which include statements such as, “I tend to be 

rude to people I don't like.” The pooled reliability was good (α = .82), and no items were 

removed. The attention subscale consists of six items, which include statements such as, 

“It is easy for me to really concentrate on homework problems.” The pooled reliability 

was α = .53, and no items were removed. The depressive mood subscale consists of six 

items, which include statements such as, “My friends seem to enjoy themselves more than 

I do.” The pooled reliability was good (α = .74), and no items were removed. The fear 

subscale consists of six items, which include statements such as, “I worry about getting 
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into trouble.” The pooled reliability was good (α = .84), and no items were removed. The 

frustration subscale consists of seven items, which include statements such as, “I get 

upset if I’m not able to do a task really well.” The pooled reliability was good (α = .80), 

and no items were removed. The inhibitory control subscale consists of five items, which 

include statements such as, “When someone tells me to stop doing something, it is easy 

for me to stop.” The pooled reliability was adequate (α = .63), and no items were 

removed. The pleasure sensitivity subscale consists of five items, which include 

statements such as, “I like to feel a warm breeze blowing on my face.” The pooled 

reliability was α = .54, and no items were removed. The perceptual sensitivity subscale 

consists of five items, which include statements such as, “I tend to notice little changes 

that other people do not notice.” The pooled reliability was good (α = .75), and no items 

were removed. The shyness subscale consists of four items, which include statements 

such as, “I feel shy about meeting new people.” The pooled reliability was good (α = .81), 

and no items were removed. The surgency subscale consists of six items, which include 

statements such as, “I enjoy going places where there are big crowds and lots of 

excitement.” The pooled reliability was α = .53 after two items were removed, with item-

total correlations ranging from [-.09 - .02]. Thus, the final scale consisted of four items at 

each time point.  

 EATQ-R Super-scales. The effortful control super-scale was calculated by 

averaging responses from the attention, inhibitory control, and activation control 

subscales. Thus, the item total was 16 at both time points. The reliability was good (α = 

.78), and no items were removed. The surgency super-scale was created by averaging 

responses from the surgency, fear (reverse scored), and shyness (reverse scored) 
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subscales. Thus, the item total was 16 at both time points. The reliability was good (α = 

.82), and no items were removed. The negative affect super-scale was created by 

averaging the responses from the frustration, depressive mood, and aggression subscales. 

Thus, the item total was 18 at both time points. The reliability was good (α = .87), and no 

items were removed. The affiliativeness super-scale was created by averaging responses 

from the affiliation, perceptual sensitivity, and pleasure sensitivity subscales. Thus, the 

item total was 14 at both time points. The reliability was good (α = .86), and no items 

were removed. 

Personality 

 The Five Factor Personality Inventory for Children (FFPIC) McGhee et al., 2007) 

examines self-reported child personality. The FFPIC consists of 75 items, each with five 

circles between two opposing anchor statements. Participants choose the statement that 

best reflects them. The FFPIC is appropriate for children and adolescents between the 

ages of 9 and 19. The FFPIC is based on the Allport and Odbert (1936) five-factor 

theoretical model of personality, including subscales for agreeableness, extraversion, 

openness to experience, conscientiousness, and emotional regulation (formerly, 

neuroticism).  

Agreeableness. Agreeableness was measured with 15 items assessing altruism, 

modesty, tender-mindedness, trust, and straightforwardness. Opposing anchor statements 

for the agreeableness subscale include, “Sometimes you have to be tough / Sometimes you 

have to be gentle,” and “I think people usually tell the truth / I don’t think people usually 

tell the truth.” The reliability was good (α = .83), and no items were removed. 
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 Extraversion/introversion. Extraversion/introversion was measured with 15 

items assessing warmth, gregariousness, assertiveness, activity, excitement seeking, and 

positive emotions. Opposing anchor statements for the extraversion subscale include, “I 

like to work on my own / I like to work in groups” and “I will have a lot of parties when I 

get older / I will not have a lot of parties when I get older.” This scale was reverse coded 

in order to calculate levels of introversion, as opposed to extraversion. The reliability was 

good (α = .73) after five items with item-total correlations ranging from [-.13 - .04] were 

removed. Thus, the final scale consisted of 13 items at one time point and 12 items from 

the other time point.  

Openness. Openness was measured with 15 items assessing curiosity, 

imagination, interest in the arts, and empathetic feelings. Opposing anchor statements for 

the openness subscale include, “I want to know why people do things / I don't want to 

know why people do things” and “I like to play make-believe / I do not like to play make-

believe.” The reliability was good (α = .83), and no items were removed. 

Conscientiousness. Conscientiousness was measured with 15 items assessing 

competence, order, dutifulness, achievement striving, self-discipline, and deliberation. 

Opposing anchor statements for the emotional regulation subscale include, “I work hard 

in class / I don't work hard in class” and “I am good at organizing / I am not good at 

organizing.” The reliability was good (α = .82), and no items were removed. 

 Emotional regulation. Emotional regulation was measured with 15 items 

assessing anxiety, angry hostility, depression, self-consciousness, impulsiveness, and 

vulnerability. Opposing anchor statements for the emotional regulation subscale include, 

“People talk about me behind my back / People don’t talk about me behind my back” and 
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“I get confused when I am mad / I don’t get confused when I am mad.” The reliability 

was good (α = .85) after one item with an item-total correlation of -.11 was removed. 

Thus, the final scale consisted of 14 items at one time point and 15 items from the other 

time point.  

Anxiety and Affectivity 

 State and trait anxiety. State anxiety and trait anxiety were measured with the 

State-Trait Anxiety Inventory for Children (STAI-C) (Spielberger, 1973), which consists 

of two 20-item scales. State anxiety describes short-term situation specific anxiety, while 

trait anxiety assesses anxiety as a general trait. Items (e.g., I feel nervous) were rated on a 

3-point scale ranging from 1 (hardly ever) to 3 (often true). Higher scores indicate greater 

anxiety. The pooled reliability for the trait anxiety scale was good (α = .93), and no items 

were removed. The pooled reliability for the state anxiety scale was good (α = .90), after 

one item with an item-total correlation of .03 was removed. Thus, the final state anxiety 

scale consisted of 19 items at one time point and 20 items at the other time point. 

 Test anxiety. Test anxiety was measured with the Test Anxiety Scale for 

Children (TASC) (Sarason, Davidson, Lighthall, Waite, & Ruebush, 1960), a 30-item 

scale developed from the general anxiety scale for children in order to assess fears 

specifically generated in school settings. This yes/no scale is used with children in Grades 

1-9. Higher scores indicate greater test anxiety. Items included question statements such 

as, “Do you worry about passing from one grade to the next?” and “Do you worry a lot 

before taking a test?” The pooled reliability was good (α = .94), and no items were 

removed.  
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 Affectivity. Positive and negative affect each were measured with the Positive 

and Negative Affect Schedule for Children (PANAS-C) (Laurent et al., 1999). The 

PANAS-C is a 30-item self-report measure containing two subscales that assess levels of 

positive and negative affect. Items are rated on a 5-point Likert scale. Positive emotions 

are represented with such words as joyful, cheerful, happy, lively, and proud; while 

negative emotions are represented using words such as miserable, mad, afraid, scared, 

and sad. Higher scores indicate greater positive or negative affect. For positive affect, the 

pooled reliability was good (α = .87) after one item with an item-total correlation of .03 

was removed. Thus, the final positive affect scale consisted of 14 items at one time point 

and 15 items at the other time point.  

Attention 

 Mindfulness. Mindfulness was measured with the Child Acceptance and 

Mindfulness (CAMM) (Greco, Baer, & Smith, 2011), a 10-item scale that assesses the 

degree to which children and adolescents observe internal experiences, act with awareness, 

and accept internal experiences without judging them. Items are rated on a 5-point Likert 

scale ranging from 0 (never true) to 4 (always true). Higher scores indicate greater 

acceptance and mindful awareness. The pooled reliability was good (α = .81) after one item 

with an item-total correlation of -.001 was removed. Thus, the final scale consisted of 9 

items at one time point and 10 items at the other time point. 
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Stressor Paradigm (Pop Quiz) 

 Four math pop quizzes designed by the 5th grade math teacher were administered 

as the ‘stressor’ at both time points. All quizzes were created one grade level beyond the 

student’s current skill set in order for the quiz to be perceived as challenging and to 

provoke an element of failure. The quizzes were each 8 to 10 questions long. 

Participants’ scores were calculated as the percentage of questions answered correctly. In 

addition to the quiz being designed to be challenging, the quiz administration was 

designed to trigger the HPA axis (see Dickerson & Kemeny, 2004). Specifically, the quiz 

was unanticipated by participants in order to engender elements of surprise and 

uncontrollability. The teachers also emphasized the importance of the quiz and gave strict 

time constraints for completion. Lastly, students switched quizzes with classmates for 

grading, adding an element of social evaluative threat. The stressor paradigm exhibited 

adequate validity.  

 Pilot data. The quizzes for the stressor paradigm were tested on two occasions 

during a pilot study (n = 25) prior to their utilization in the current study in order to 

ensure they were created beyond students’ current mathematically abilities (i.e., designed 

for failure) as well as to assess their effectiveness in eliciting a stress response. Indeed, 

students failed the quiz at time one (M = 40.05, SD = 17.88) and at time two (M = 57.20, 

SD = 19.47). Results also indicated that the stressor paradigm engendered a physiological 

stress response at both time points. Basal rates of cortisol (M = 0.13, SD = 0.08) differed 

significantly from stress reactivity levels (M = 0.23, SD = 0.18) at time one, t(24) = -2.74, 

p = .01, and basal rates of cortisol (M = 0.13, SD = 0.08) differed significantly from stress 

reactivity levels (M = 0.24, SD = 0.16) at time two, t(24) = -3.26, p < .001. 
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Current study. In the current study, the stressor paradigm was tested once again 

in order to ensure both quizzes once again were created beyond students’ current 

mathematically abilities (i.e., designed for failure) as well as to assess their effectiveness 

in eliciting a stress response. Indeed, students failed the quiz administered at time one (M 

= 32.55, SD = 17.93) and at time two (M = 53.46, SD = 18.81). Quiz scores then were 

averaged (M = 43.01 SD = 13.23). Results also indicated that the stressor paradigm 

engendered a physiological stress response at both time points. Basal rates of cortisol (M 

= 0.12, SD = 0.05) differed significantly from stress reactivity levels (M = 0.15, SD = 

0.07) at time one, t(24) = -3.46, p =.001, and basal rates of cortisol (M = 0.13, SD = 0.05) 

differed significantly from stress reactivity levels (M = 0.16, SD = 0.07) at time two, t(81) 

= -3.82, p < .001. Measurable facets of the HPA axis then were assessed for correlations. 

A significant correlation occurred between samples of basal cortisol at time one and time 

two, r = .72, p < .001, as well as between samples of stress reactivity at time one and time 

two, r = .70, p < .001. Measurable facets then were averaged across time, and difference 

scores were calculated to quantify stress reactivity.  

Salivary Cortisol 

 Saliva was collected utilizing the Salivette sampling device (Sarstedt Inc., 

Rommelsdorf, Germany). Samples were frozen immediately after collection. Prior to 

analysis, samples were thawed and then centrifuged at 1500xg (@ 3000 rpm) for 15 

minutes to sediment particulate matter. All samples then were assayed for salivary 

cortisol in duplicate using a highly sensitive enzyme immunoassay (Salimetrics, PA). 

Samples, standards, and controls (25µl) were added to a microplate coated with 

monoclonal antibodies to cortisol. Cortisol-horseradish peroxidase conjugate was added 
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to all wells and incubated at room temperature for one hour and unbound components 

were washed using a multichannel pipette. Bound cortisol-peroxidase was measured by 

the reaction of the peroxidase enzyme on tetramethylbenzidine (TMB) substrate. The 

reaction was stopped with sulfuric acid and the resulting yellow color was read on a 

microplate reader at 450nm with a wavelength correction at 690nm. The concentrations 

of unknowns and controls were determined by using Gen5 software, which uses a 4-

parameter sigmoid minus curve fit. The amount of cortisol-peroxidase activity was 

inversely proportional to the amount of cortisol contained in the sample. This assay had a 

lower limit of sensitivity of 0.003 µg/dl, standard curve range from 0.012 to 3.0 µg/dl, 

and average intra-and inter-assay coefficients of variation 3.5 % and 5.1 %, respectively.  

Plan of Analysis 

 All statistical analyses were conducted in SPSS v22. Three different sets of 

analyses were conducted. Each set of analyses addressed one of the three study aims and 

hypotheses.  

Preliminary Analyses 

Preliminary analyses included the calculation of descriptive statistics for all study 

variables. The impact of potential confounding variables was investigated by means of 

two sets of independent samples t-tests. These explored mean-level differences between 

sex (e.g., boys and girls) and age (e.g., 4th graders and 5th graders), as previous findings 

have shown that cortisol levels may vary based upon differences in these variables (e.g., 

Gunnar et al., 2009).  

Differences between responders and nonresponders. The first set of analyses 

addressed the first hypothesis, which stated that significant differences in intrapersonal 
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characteristics exist between children who responded and children who did not respond to 

the stressor paradigm. A series of independent samples t-tests explored mean-level 

differences between responders and nonresponders. All intrapersonal characteristics were 

entered into the analyses, including all five personality factors (FFPI-C), positive affect 

(PANAS-C), all three anxiety measures (STAI-C; TAS), mindfulness (CAMM), and all 

subscales and super-scales of temperament (EATQ-R). Group affiliation (e.g., responder 

or nonresponder) was the independent variable. Individuals were classified as either 

responders or nonresponders using the recommended criterion (see Granger et al., 2012). 

Specifically, responders were defined as individuals who experienced a change in stress 

reactivity that was at least 10% and greater than 0.02ug/dL, as differences smaller than 

this may be due to variation in the measurement of cortisol. Individuals whose difference 

scores did not meet this criterion were classified as nonresponders.  

Associations between temperament and personality. The second set of 

analyses addressed the second hypothesis, that measures of temperament and personality 

are significantly correlated. A series of bivariate Pearson product-moment correlations 

were conducted between all temperament and personality measures.  

Regressions predicting HPA axis reactivity from measures of temperament 

and personality. The third set of analyses addressed the third hypothesis, which stated 

that direct (main effect) and moderated (interaction effect) associations exist between 

aspects of temperament and personality with HPA axis stress reactivity. Two sets of 

preliminary analyses were conducted. First, a series of bivariate Pearson product-moment 

correlations were conducted in order to reveal significant (p < .05) associations between 

temperament and personality measures with HPA axis stress reactivity. Second, in order 
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to reduce the number of study variables, a principal components analysis (PCA) was 

conducted to identify overarching components.  

 The PCA followed a 2-step procedure. First, all of the temperament and 

personality study variables were z-standardized and entered into the PCA. Second, 

variables were removed iteratively. Specifically, variables were removed if they did not 

strongly load onto any of the components, such that they had no loadings above .50 or 

below -.50. Variables then were removed if they cross-loaded onto multiple components, 

such that they had two or more loadings above .50. Next, variables were removed if they 

cross-loaded onto multiple components, such that they had two or more loadings that 

differ by less than .15. In order to obtain final PCA models, a component-enumeration 

process was used in which a single-component solution was tested first, followed by a 2-

component solution, and so on. Final models were chosen once (1) each of the variables 

strongly loaded onto only a single component, and (2) all of the components made 

conceptual sense and were theoretically founded (Costello & Osborne, 2005). Component 

scores then were calculated with a regression-procedure based on the final PCA solution. 

For each PCA model, a varimax (orthogonal) rotation was applied in order to optimize 

the interpretability of the components (Costello & Osborne, 2005).  

 A hierarchical multiple regression then was conducted to address the third 

hypothesis. HPA axis stress reactivity was the dependent variable. The regression 

included measures of temperament, personality, and related behavioral constructs as 

independent variables. In each regression, the first step tested the main effects of the 

intrapersonal characteristics, while the second step tested the interaction effects of all 

possible 2-way interaction terms created from the intrapersonal characteristics. Two-way 
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interaction terms were computed by multiplying two centered variables. The 

intrapersonal characteristics used in the regressions included the components created 

from the final PCA model as well as the variables that were removed from the PCA.   

 In each regression, nonsignificant interactions were removed iteratively, in order 

to identify the most parsimonious regression models. First, a regression was run with all 

of the interactions entered into the model. Interactions with p-values over .20 were 

removed and the regression was rerun. Interactions then were iteratively removed until a 

regression model was identified in which all of the interactions had p-values below .20. 

Follow-up simple slope analyses (Aiken, West, & Reno, 1991) were conducted using 

Preacher’s module (Preacher, Curran, & Bauer, 2006) in order to evaluate significant (p < 

.05) interactions between intrapersonal characteristics at multiple levels (high: +1 SD, 

low: -1 SD).  
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CHAPTER 4. RESULTS 

Preliminary Analyses 

 Independent samples t-tests revealed significant mean-level differences between 

boys (n = 45) and girls (n = 37) on mindful attention, pleasure sensitivity, and activation 

control. Specifically, boys (M = 2.29, SD = 0.53) reported less mindful attention than 

girls (M = 2.56, SD = 0.59), t(80) = -2.18, p = .03, d = 0.48. Boys (M = 2.97, SD = 0.76) 

also reported less pleasure sensitivity than girls (M = 3.34, SD = 0.80), t(80) = -2.09, p = 

.04, d = 0.48. Further, boys (M = 3.60, SD = 0.62) reported less activation control than 

girls (M = 3.87, SD = .59), t(80) = -2.06, p = .04, d = 0.45. No other significant mean-

level sex differences emerged. 

 Independent samples t-tests revealed significant mean-level differences between 

4th (n = 36) and 5th graders (n = 46) on emotional regulation, frustration, depression, and 

state anxiety. Specifically, 4th graders (M = 3.99, SD = 0.49) reported more emotional 

regulation than 5th graders (M = 3.64, SD = 0.51), t(80) = 3.12, p < .001, d = -0.70. In 

contrast, 4th graders (M = 2.32, SD = 0.63) reported less depression than 5th graders (M = 

2.63, SD = 0.72), t(80) = -2.10, p = .04, d = 0.45, as well as less frustration (M = 2.74, SD 

= 0.62) than 5th graders (M = 3.26, SD = 0.59), t(80) = -3.69, p < .001, d = 0.86, and less 

state anxiety (M = 1.43, SD = 0.26) than 5th graders (M = 1.57, SD = 0.28), t(80) = -2.27, 

p = .03, d = 0.52. No other significant mean-level differences emerged between 4th and 

5th graders.
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Differences between Responders and Nonresponders 

 The first set of analyses addressed the first hypothesis, which stated that, due to 

the commonplace nature of the stressor paradigm utilized and the familiarized context in 

which it was administered, not all children would respond with increased levels of 

cortisol. Specifically, it was predicted that, on average, cortisol responders would differ 

from nonresponders in that they would report significantly greater levels of reactive 

intrapersonal characteristics associated with behavioral inhibition (e.g., shyness, trait 

anxiety, fear) as well as decreased levels of surgency. Further, it was predicted that on 

average, cortisol responders would differ from nonresponders in that they would report 

significantly less intrapersonal characteristics associated with self-regulation (i.e., 

effortful control). Independent samples t-tests revealed significant mean-level differences 

between children who responded to the pop quiz stressor with an increase in cortisol (i.e., 

responders: n = 43) and children who did not (i.e., nonresponders: n = 39) on surgency 

(summary scale), shyness, fear, depression, trait anxiety, and state anxiety (marginal). 

Responders (M = 2.88, SD = 0.69) reported lower levels of surgency (summary scale) 

than nonresponders (M = 3.36, SD = 0.49), t(80) = - 3.55, p < .001, d = -0.81. Responders 

(M = 2.94, SD = 0.99) reported greater shyness than nonresponders (M = 2.22, SD = 

0.76), t(80) = 3.66, p < .001, d = 0.81. Responders (M = 3.32, SD = 0.92) reported greater 

fear than nonresponders (M = 2.84, SD = 0.71), t(80) = -2.60, p = .01, d = 0.59. 

Responders (M = 2.65, SD = 0.73) reported greater depression than nonresponders (M = 

2.33, SD = 0.61), t(80) = 2.14, p = .04, d = 0.47. Responders (M = 1.70, SD = 0.36) 

reported greater trait anxiety than nonresponders (M = 1.55, SD = 0.28), t(80) = 2.08, p = 

.04, d = 0.47. Responders (M = 1.57, SD = 0.31) reported marginally greater state anxiety 
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than nonresponders (M = 1.45, SD = 0.23), t(80) = 1.93, p = .06, d = 0.44. Contrary to the 

prediction, no differences between responders and nonresponders in intrapersonal 

characteristics related to self-regulatory abilities surfaced p > .05 

Associations between Temperament, Personality, and Related Constructs 

 The second set of analyses addressed the second hypothesis, which stated that 

significant associations would emerge among the temperament and personality measures. 

A series of bivariate Pearson product-moment correlations revealed significant (p < .05) 

associations between the majority (60%) of the temperament, personality, affect, anxiety, 

and mindful attention measures. In Appendix B, Table B1 presents the zero-order 

correlations between variables. The significant positive correlations ranged from r = .13 

to r = .66 (p < .05); the significant negative correlations ranged from r = -.22 to r = -.57 

(p < .05).  

Multiple Hierarchical Linear Regression Predicting HPA Axis Reactivity               

from Measures of Intrapersonal Characteristics  

 The third set of analyses addressed the third hypothesis, which stated that direct 

(main effect) and moderated (interaction effect) associations exist between intrapersonal 

characteristics (e.g., temperament, personality, anxiety) and HPA axis reactivity. Two 

sets of preliminary analyses were conducted before running the regressions: (1) variable 

correlations, and (2) variable reduction.  

Variable Correlations 

First, a series of bivariate Pearson product-moment correlations revealed 

significant (p < .05) associations between temperament and personality measures with 

stress reactivity as well as basal cortisol levels (see Appendix B, Table B1). HPA axis 
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reactivity was positively associated with shyness (r = .27, p = .01), fear (r = .25 p = .02), 

and the summary scale of negative affect (r = .25, p = .02). HPA axis reactivity was 

inversely associated with activation control (r = -.22, p = .04) and the summary scale of 

surgency (r = -.28, p = .01). Basal cortisol was positively associated with activation 

control (r = .25, p = .03) and was inversely associated with fear (r = -.23, p = .01). Basal 

cortisol and HPA axis stress reactivity also were inversely related (r = -.44, p < .001). 

Variable Reduction 

 Second, in order to reduce the number of study variables entered into the 

regression analysis, all of the 22 behavioral variables were z-standardized and entered 

into a series of principal components analyses (PCA) using a varimax rotation. A 

components-enumeration process was applied, in which a single-component solution was 

tested first, followed by a 2-component solution, and so on. For each solution, variables 

were removed iteratively, as outlined in the Plan of Analysis section. Solutions with up to 

six components were conducted and evaluated for theoretical and conceptual basis. 

Sampling adequacy was good (KMO = .76) (Hutcheson & Sofroniou, 1999), and variable 

correlations were sufficiently large for PCA to be appropriate (Bartlett’s test of 

sphericity: X2(105) = 516.33, p <.001). 

A 4-component solution that had theoretical foundation and made substantive 

sense of the variables was selected. Seven variables were removed from this solution 

because they (1) did not strongly load onto any of the components (i.e., no loadings >= 

.50), or (2) cross-loaded onto multiple components (i.e., two or more high loadings that 

differed by < .15). The four orthogonal components explained 67.09% of the total 



 

! 68 

variance. Component scores were calculated with a regression-procedure based on the 

final PCA solution.  

The four components were labeled based on the variable loadings (see Table 1 for 

the rotated component matrix). The first component was labeled internalizing 

symptomatology as it had strong positive loadings for depressive mood, fear, test anxiety, 

trait anxiety, and frustration, and a strong negative loading for mindful attention. 

Internalizing symptomatology accounted for 29.00% of the total variance. The second 

component was labeled self-regulation as it had strong positive loadings for attention, 

conscientiousness, and inhibitory control, and a strong negative loading for aggression. 

Self-regulation accounted for 18.84% of the total variance. The third component was 

labeled social inhibition as it had strong positive loadings for introversion and shyness, 

and a strong negative loading for positive emotions. Social inhibition accounted for 

12.22% of the total variance. The fourth component was labeled social sensitivity as it 

had strong positive loadings for affiliation and pleasure sensitivity. Social sensitivity 

accounted for 7.04% of the total variance. All the components as well as the remaining 

intrapersonal characteristics that did not load onto any of the components then were 

categorized (see Table 2 for the conceptual categorization). Additionally, a series of 

Pearson product-moment correlations on these variables then was conducted (see Table 3 

for reference). 
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Table 1 
 
Principal Component Analysis - Rotated Component Matrix 
 

 Component 

Intrapersonal 
Characteristic 

Internalizing 
Symptomatology 

Self-
Regulation 

Social 
Inhibition 

Social 
Sensitivity 

Mindful Attention -.79 .08 .29 -.07 
Depressive Mood .57 -.36 .40 .22 

Fear .71 -.04 .33 .31 
Test Anxiety .78 -.10 .27 -.27 

Trait Anxiety .80 .01 .33 .05 
Frustration .54 -.29 -.02 .38 

Aggression  .23 -.77 -.18 .20 
Attention -.20 .72 -.16 .34 

Conscientiousness .07 .73 -.24 .13 
Inhibitory Control -.08 .81 .05 .29 

Introversion .02 .04 .77 .02 
Positive Emotions -.12 .22 -.60 .36 

Shyness .35 -.03 .73 .04 
Affiliation .15 .16 -.07 .86 
Pleasure Sensitivity .07 .16 .01 .75 

Note. Extraction Method: Principal Component Analysis. Rotation Method: Varimax 
with Kaiser Normalization. A rotation converged in six iterations. 
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Table 2 
 
Conceptual Categorization of Intrapersonal Characteristics 
 

Intrapersonal 
Characteristic 

Categorical 
Type 

Reactive 
(Negative 
Valence) 

Reactive 
(Positive 
Valence) 

Regulatory Ambiguous 

Internalizing 
Symptomatology:       
Low Mindfulness       
High Depressed Mood 
High Fear                   
High Frustration        
High Test Anxiety     
High Trait Anxiety  

Component X    

Social Inhibition:       
Introversion                
Low Positive Affect       
High Shyness 

Component X    

Self Regulation:          
Low Aggression      
Attention           
Conscientiousness  
Inhibitory Control 

Component   X  

Social Sensitivity: 
Affiliation              
Pleasure Sensitivity 

Component    X 

Shyness Tempermental 
Facet 

X    

Surgency/High Intensity 
Pleasure Seeking 

Tempermental 
Facet 

 X   

Perceptual Sensitivity Tempermental 
Facet 

   X 

Activation Control Tempermental 
Facet 

  X  

Openness Personality 
Factor 

  X  

Emotional Regulation Personality 
Factor 

  X  

Agreeableness Personality 
Factor 

  X  

State Anxiety Affectivity X    



 

! 71 



 

! 72 

Regression 

A hierarchical multiple linear regression was conducted to address the third 

hypothesis, that different combinations of intrapersonal characteristics (e.g., reactive by 

regulatory, regulatory by regulatory, reactive by reactive) would moderate the links 

between each other and stress reactivity of the HPA axis. The four components created 

from the final PCA model and the z-scores of the variables removed from the PCA (i.e., 

activation control, perceptual sensitivity, surgency, emotional regulation, openness, 

agreeableness, and state anxiety) were used to predict HPA axis reactivity. The first step 

tested the main effects of the previously mentioned variables on HPA axis stress 

reactivity. The second step tested the interaction effects of all possible 2-way interaction 

terms created from the step one variables.   

 Nonsignificant interactions were removed iteratively in order to identify the most 

parsimonious regression model. Interactions with p-values over .20 were removed, and 

the regression was rerun. For parsimony, interactions were iteratively removed until a 

regression model was identified in which all of the interactions had p-values below .20.  

 Follow-up simple slope plots (Preacher et al., 2006) illustrated significant (p < 

.05) interactions. Separate lines describe individuals who are high (+1 SD above the 

mean), low (-1 SD below the mean), and average on a given moderating variable.  

Main effects and interactions for stress reactivity. Table 4 depicts the final 

multiple hierarchical linear regression results for stress reactivity. At Step 1, there were 

two statistically significant main effects, including self-regulation and activation control. 

In line with one competing prediction, high levels of activation control were associated 

with reduced stress reactivity (b = -.02, p =.04). Additionally, in line with the other 
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Higher levels of the regulatory intrapersonal characteristic self-regulation were associated 

with greater stress reactivity (b = .03, p =.03). 

 
Table 4 
 
Multiple Hierarchical Regression Results Predicting Stress Reactivity 

 
Note. n = 82 participants, tp < .10, *p < .05, **p < .001, two-tailed. 

 

    Stress Reactivity 

Regression 
Step Variables b SE p r-squared 

1 Internalizing Symptomatology  .01 .01 .34   

  Self -Regulation .03* .01 .03   

  Social Inhibition .01 .01 .59   

  Social Sensitivity .02 .01 .14   

  Activation Control  -.02* .01 .04   

  Emotional Regulation  -.01 .01 .39   

  Agreeableness  -.01 .01 .50   

  Openness  -.01 .01 .33   

  Perceptual Sensitivity  .00 .01 .79   

  State Anxiety .01 .01 .62   

  Surgency  .00 .01 .84 .17 

2 
Internalizing Symptomatology X Perceptual 
Sensitivity .03* .01 .01 

   Activation Control X Self Regulation -.02* .01 .05 

   Emotional Regulation X Self Regulation -.06** .01 .00 

   Openness X Self Regulation .04** .01 .00 

   State Anxiety X Self Regulation -.05** .01 .00 

   Surgency X Self Regulation -.03* .01 .03 

   Social Sensitivity X Activation Control -.02* .01 .03 

   Activation Control X Emotional Regulation .03* .01 .02 

    Surgency X Emotional Regulation  .03** .01 .00 

   Surgency X Agreeableness .04** .01 .00 

    Surgency X State Anxiety  .03* .01 .03 

    Surgency X Openness -.04** .01 .00 

   Openness X State Anxiety .01 .01 .12 

!  Perceptual Sensitivity X State Anxiety -.02t  .01 .06 .59 
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These main effects were qualified by several interactions. At Step 2, there were 

12 statistically significant interactions (p < .05) and 1 marginally significant (p = .06) 

interaction. Since a follow-up simple slope plot for the marginal interaction (i.e., 

perceptual sensitivity by state anxiety) revealed that none of the slopes reached marginal 

significance (p > .10), results are not reported here.  

Interaction effects: Reactive by regulatory. There were four statistically 

significant interactions in relation to stress reactivity involving reactive by regulatory 

intrapersonal characteristics. Specifically, surgency was involved in three of these in 

which its association with stress reactivity was moderated by levels of emotional 

regulation, agreeableness, self-regulation, and openness. Contrary to the prediction, for 

children reporting low levels (-1 SD below the mean) of emotional regulation, surgency 

was negatively associated with stress reactivity (b = -0.03, SEb = 0.01, p = .02), while for 

those reporting high levels (+1 SD) of emotional regulation, surgency was associated 

with greater stress reactivity (b = 0.04, SEb = 0.01, p = .01) (Figure 1). Similarly, for 

children reporting low levels (-1 SD) of agreeableness, surgency was negatively 

associated stress reactivity (b = -0.04, SEb = 0.01, p = .01), whereas for those reporting 

high levels (+1 SD) of agreeableness, surgency was positively associated with stress 

reactivity (b = 0.04, SEb = 0.02, p = .02) (Figure 2).  
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Figure 1. Simple slopes follow-up analyses of the association between surgency and 
stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) levels of 
emotional regulation for children. 
 
 

Figure 2. Simple slopes follow-up analyses of the association between surgency and 
stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) levels of 
agreeableness for children.       
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In line with the predictions, for children reporting low levels (-1 SD) of openness, 

surgency was positively associated with stress reactivity (b = 0.04, SEb = 0.02, p = .02), 

whereas for those children reporting high levels (+1 SD) of openness, surgency was 

negatively associated with stress reactivity (b = -0.04, SEb = 0.01, p = .01) (Figure 3). 

Similarly, for those children reporting low levels (-1 SD) of self-regulation, surgency was 

positively associated with stress reactivity (b = 0.03, SEb = 0.02, p = .05), while for 

children reporting high levels (+1 SD above the mean) of self-regulation, surgency was 

marginally negatively associated with stress reactivity (b = -0.03, SEb = 0.01, p = .09) 

(Figure 4).  

 

 
Figure 3. Simple slopes follow-up analyses of the association between surgency and 
stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) levels of 
openness for children.  
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Figure 4. Simple slopes follow-up analyses of the association between surgency and 
surgency at low (-1SD below the mean) and high (+1SD above the mean) levels of self-
regulation for children.  
 
 
 The final reactive by regulatory interaction in relation to stress reactivity was 

between state anxiety and self-regulation. As predicted, for those reporting low levels (-1 

SD) of self-regulation, state anxiety was positively associated with stress reactivity (b = 

0.05, SEb = 0.02, p = .003), while for individuals reporting high levels (+1 SD) of self-

regulation, state anxiety was negatively associated with stress reactivity (b = -0.04, SEb = 

0.02, p = .04) (Figure 5).  

-0.06 

-0.04 

-0.02 

0.00 

0.02 

0.04 

0.06 

0.08 

0.10 

0.12 

Low Surgency High Surgency 

R
ea

ct
iv

e 
C

or
tis

ol
 (µ

g/
dL

) 

Average Self 
Regulation 

Low Self Regulation 

High Self Regulation  0.03* 

 - 0.03t 



 

! 78 

 
Figure 5. Simple slopes follow-up analyses of the association between state anxiety and 
stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) levels of 
self-regulation for children.  
 

 Interaction effects: Reactive by reactive. There was one statistically significant 

interaction in relation to stress reactivity involving reactive by reactive intrapersonal 

characteristics of different valences. In line with the prediction, for children reporting low 

levels (-1 SD) of state anxiety, surgency was negatively associated with stress reactivity 

(b = -0.02, SEb = 0.01, p = .08), while for those reporting high levels (+1 SD) of state 

anxiety, surgency was positively associated with stress reactivity (b = 0.03, SEb = 0.02, p 

= .08). However, it should be denoted that follow-up plots revealed that the slopes of this 

interaction only reached marginal significance (Figure 6).  
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Figure 6. Simple slopes follow-up analyses of the association between surgency and 
stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) levels of 
state anxiety for children.  
 
 
 Reactive by ambiguous. While no predictions were advanced for the reactive by 

ambiguous category of interactions, one statistically significant interaction in relation to 

stress reactivity surfaced between internalizing symptomatology and perceptual 

sensitivity. For children reporting high levels (+1 SD) of perceptual sensitivity, 

internalizing symptomatology was positively associated with stress reactivity (b = 0.05, 

SEb = 0.01, p < .001) (Figure 7). The follow-up analyses revealed no other significant 

associations for these interactions.
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Figure 7. Simple slopes follow-up analyses of the association between internalizing 
symptomatology and stress reactivity at low (-1SD below the mean) and high (+1SD 
above the mean) levels of perceptual sensitivity for children.  
 

Interaction effects: Regulatory by regulatory. There were four statistically 

significant interactions in relation to stress reactivity involving regulatory by regulatory 

intrapersonal characteristics, including openness by self-regulation, emotional regulation 

by self-regulation, activation control by self-regulation, and activation control by 

emotional regulation. Contrary to the prediction, for children reporting high levels (+1 

SD) of self-regulation, openness was positively associated with stress reactivity (b = 0.03, 

SEb = 0.02, p = .04). While no prediction was advanced for low levels of self-regulatory 

intrapersonal characteristics, a significant finding did surface. For children reporting low 

levels (-1 SD) of self-regulation, openness was negatively associated with stressor 

reactivity (b = -0.05, SEb = -0.02, p = .001) (Figure 8).  

-0.06 

-0.04 

-0.02 

0.00 

0.02 

0.04 

0.06 

0.08 

0.10 

0.12 

Low Internalizing 
Symptomatology 

High Internalizing 
Symptomatology 

R
ea

ct
iv

e 
C

or
tis

ol
 (µ

g/
dL

) 

Average Perceptual 
Sensitivity 
Low Perceptual Sensitivity 

High Perceptual Sensitivity 

 0.05** 



 

! 81 

Figure 8. Simple slopes follow-up analyses of the association between openness and 
stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) levels of 
self-regulation for children.  
 

Contrary to the prediction, for children reporting low levels (-1 SD) of self-regulation, 

emotional regulation was negatively associated with stress reactivity (b = -0.05, SEb = 

0.01, p = .002) (Figure 9).  
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Figure 9. Simple slopes follow-up analyses of the association between emotional 
regulation and stress reactivity at low (-1SD below the mean) and high (+1SD above the 
mean) levels of self-regulation for children.  
 
 
 

In line with the prediction, for children reporting high levels (+1 SD) of self-regulation, 

activation control was negatively associated with stress reactivity (b = 0.04, SEb = 0.01, p 

= .01) (Figure 10).  
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Figure 10. Simple slopes follow-up analyses of the association between activation control 
and stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) 
levels of self-regulation for children. 
 
 
 
Contrary to the prediction, for children reporting low levels (-1 SD) of emotional 

regulation, activation control was negatively associated with less stress reactivity (b = -

0.05, SEb = 0.02, p = .002) (Figure 11). The follow-up analyses revealed no other 

significant associations for these interactions. 
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Figure 11. Simple slopes follow-up analyses of the association between activation control 
and stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) 
levels of emotional regulation for children.  
 
 
 

Interaction effects: Regulatory by ambiguous. The only statistically significant 

interaction in relation to stress reactivity for the regulatory by ambiguous category was 

social sensitivity by activation control. For children reporting high levels (+1 SD) of 

activation control, social sensitivity was negatively associated with stress reactivity (b = -

0.04, SEb = 0.01, p = .01) (Figure 12). The follow-up analyses revealed no other 

significant associations for these interactions. 
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Figure 12. Simple slopes follow-up analyses of the association between social sensitivity 
and stress reactivity at low (-1SD below the mean) and high (+1SD above the mean) 
levels of activation control for children.  
 

Supplemental Analyses 

The final hierarchical multiple linear regression was rerun to ensure that the 

pattern of results was not an artifact of the calculation method of stress reactivity. First, 

the final regression model was run with the addition of basal cortisol levels at T1 in block 

1, predicting stress cortisol levels at T1. Second, the final regression model was run with 

the addition of basal cortisol levels at T2 in block 1, predicting stress cortisol levels at T2. 

In each case, the same pattern of effects emerged. 

-0.06 

-0.04 

-0.02 

0.00 

0.02 

0.04 

0.06 

0.08 

0.10 

0.12 

Low Social     
Sensitivity 

High Social     
Sensitivity 

R
ea

ct
iv

e 
C

or
tis

ol
 (µ

g/
dL

) 

Average Activation Control 

Low Activation Control 

High Activation Control 

 0.04** 



 

! 86 

CHAPTER 5. DISCUSSION 

 The main goal of the current research was to investigate and establish if 

interactions between multiple combinations of intrapersonal characteristics (trait by trait 

interactions) could serve as an explanation for the mixed findings in the extant literature 

regarding direct associations between intrapersonal characteristics and stress reactivity of 

the HPA axis. This also would allow for a better understanding of which children may be 

more vulnerable or resistant to the impact of stressors they may encounter as a part of 

everyday life. While these interaction effects were of main interest, the data also were 

assessed for direct associations (i.e., main effects) as well as on average differences 

between children who did and did not physiologically respond to the stressor paradigm 

utilized.  

Differences between Responders and Nonresponders 

 It was hypothesized that, on average, differences would exist between cortisol 

responders and nonresponders in intrapersonal characteristics relating to both reactivity 

and self-regulation. In line with the predictions, responders reported greater levels of 

shyness, fear, depression, trait anxiety, and marginally more state anxiety. This cluster of 

intrapersonal characteristics is representative of a child with a more inhibited behavioral 

style, and, on average, the differences in these intrapersonal characteristics found 

between responders and nonresponders are in line with others that have shown that the 

HPA axes of more reactive inhibited children do not readily habituate to familiar contexts 

(e.g., Granger, Stansbury et al., 1994; Groeneveld et al., 2013; Gunnar et al., 1997; 



 

! 87 

Tarullo et al., 2011). Also, in line with the predictions, responders reported significantly 

less surgency. Once again, this prediction was put forth based upon contextual 

differences in the reactivity of inhibited and more uninhibited children. Particularly, more 

surgent children tend to display increased stress reactivity during acclimation periods in 

novel contexts (e.g., Legendre & Trudel, 1996), but then are able to habituate. Thus, their 

stress reactivity has been found to decrease in habituated contexts (e.g., Tarullo et al., 

2011; Turner-Cobb et al., 2008), a finding that the current results support as well.  

Some previous work has shown that some children who respond to stressors in 

peer group settings are those lower in self-regulatory abilities such as effortful control 

skills (e.g., Donzella et al., 2000; Gunnar et al., 2003). However, the current results did 

not find any of the predicted differences between responders and nonresponders in any of 

the self-regulatory intrapersonal characteristics nonresponders. While the current findings 

were contrary to the predictions, in light of the fact that the previous findings were found 

specifically in more surgent children, the null results are not completely surprising. While 

it has been argued that capturing self-regulatory abilities proves to be methodologically 

challenging (see Cole, Martin, & Dennis, 2004), since various self-regulatory abilities 

were involved in many of the current interactions, this does not appear to the case in this 

instance. However this speaks to the fact that multiple types of analyses should be 

conducted when assessing interpersonal characteristics and stress reactivity.  

Associations Between Stress Reactivity and Intrapersonal Characteristics  

As predicted, significant associations surfaced between stress reactivity and 

intrapersonal characteristics related to a more inhibited behavioral style. Specifically, 

shyness, fear, and negative affect were positively associated with stress reactivity. This 
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again supports that shyer, more inhibited children have difficulties habituating to their 

surroundings, which is in line with the previously mentioned findings. Additionally, a 

negative association between stress reactivity and surgency surfaced. This finding is in 

line with Blair et al. (2004) and B. Evans et al. (2016). Lastly, a negative association 

between activation control and stress reactivity surfaced. While in line with other 

findings that measured effortful control as a higher order factor (Mayer et al., 2014), this 

appears to be the first finding in relation to stress reactivity for activation control when 

measured as a single facet of self-regulation.  

 Main effects also emerged for activation control as well as for self-regulation. In 

line with one of the predictions, self-regulation was positively related to stress reactivity. 

While this association is in line with several others found in the developmental literature 

(e.g., Blair et al., 2005; 2008; E. P. Davis et al., 2002; Oldehinkel et al., 2011), this main 

effect was qualified by five interactions. Additionally, in line with the competing 

prediction, a main effect for activation control (a lower order facet of effortful control) 

was found, such that it was negatively associated with stress reactivity. Again, this 

appears to be the first time this facet of effortful control ever has had any association with 

stress reactivity. That said, this main effect also was qualified by three interactions.  

Interaction Effects 

As hypothesized, unique pairs of intrapersonal characteristics were differentially 

associated with stress reactivity. However, as reported in the results, several of the 

interaction effects were not in the predicted directions, or only exerted effects at one end 

of the focal predictor. Since the intrapersonal characteristics surgency and self-regulation 
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were involved in 9 of the 12 interactions, those interactions are discussed first, followed 

by a discussion of the remaining 3 interactions.  

Surgency and Self-Regulatory Intrapersonal Characteristics (Reactive by 

Regulatory Model) 

Surgency was involved in a total of five interactions. Four of these interactions 

involved the self-regulatory intrapersonal characteristics agreeableness, emotional 

regulation, and openness, and the component self-regulation (Appendix C, Figure C1).  

In younger children, surgency has been associated with increased stress reactivity 

during tasks that block goals and, subsequently, result in frustration or tense angry affect 

(Donzella et al., 2000). Since the current stressor paradigm was designed for failure, it 

could have elicited similar negative emotions, which would need to be managed 

accordingly. As such, the presence of self-regulatory intrapersonal characteristics 

including agreeableness and emotional regulation in a surgent child could aid in the 

management of their behavior while encountering a stressor, and consequently result in 

reduced stress reactivity. However, contrary to the reactive by regulatory predictions 

when under conditions of high levels of agreeableness or emotional regulation, 

respectively, surgency was associated with an increase in stress reactivity, while a 

decrease in stress reactivity was seen for surgent children when levels of these 

intrapersonal characteristics were low.  

A possible explanation for the positive association found between surgency and 

stress reactivity at high levels of agreeableness is that the active management of emotions 

and behavior during stressor exposure requires energy. Thus, the increase in cortisol 

simply could be a marker of actively coping, as agreeableness has been related to such 
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coping strategies (Hettler, 2001; Medvedova, 1998). Individuals high in agreeableness 

also report having to exude more effort in order to regulate negative affective states when 

compared to those low in agreeableness (Tobin, Graziano, Vanman, & Tassinary, 2000). 

This added effort could trigger the physiological recruitment of additional resources, as 

indexed by increases in stress reactivity. Further, there also is evidence that agreeable 

children may be especially concerned over social evaluations and mistakes (e.g., 

Santesso, Segalowitz, & Schmidt, 2005). As such, agreeableness has been associated 

directly with increased stress reactivity while engaging in tasks within evaluative 

contexts (Tops et al., 2006). Thus, whether high levels of agreeableness denote the active 

regulation of negative emotions characteristic of surgent children during stressor 

exposure, a greater sensitivity to evaluations leading to distress, or even a combination of 

both, all of these scenarios could result in measurable increases in stress reactivity. 

Similarly, the positive association found between surgency and stress reactivity for 

children high in emotional regulation also could be reflective of the energy needed for the 

active management of emotions during stressor exposure. As measured in the current 

dissertation, emotional regulation reflects a mature-minded child who is slow to anger, 

has good ego resiliency, and is emotionally stable (McGhee et al., 2007). Thus, surgent 

children who also are high in emotional regulation might be more apt to actively cope 

when facing a stressor (e.g., Zalewski, Lengua, Wilson, Trancik, & Bazinet, 2011), which 

again would require the mobilization of resources.  

While in contrast to the prediction, the negative associations found between 

surgency and stress reactivity that occurred under low levels of agreeableness and 

emotional regulation are somewhat in line with past findings, which have illustrated that 
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unregulated surgency is negatively associated with cortisol levels (e.g., Gunnar et al., 

2003). Importantly, low levels of emotional regulation and agreeableness do not simply 

denote inadequate levels of self-regulatory abilities, but may reflect the presence of 

disordered behaviors. Specifically, children low in emotional regulation are characterized 

as more neurotic (McGhee et al., 2007), and an adult’s neuroticism has been associated 

with blunted stress reactivity (Bibbey et al., 2013; Oswald et al., 2006). Further, children 

who are less agreeable (i.e., disagreeable) display unconstrained irritable behaviors, 

including anger and aggression (Martin et al., 2000), and low levels of agreeableness in 

adults have been associated with blunted stress reactivity as well (Bibbey et al., 2013). 

Taken together, this may explain the negative associations found when surgency is paired 

with low levels of these two intrapersonal characteristics.  

Contrary to the findings discussed previously, the interaction effects involving 

surgency and openness were in the predicted directions, in that surgency was negatively 

associated with stress reactivity when levels of openness were high and positively 

associated with stress reactivity when levels of openness were low. Thus, for this 

interaction, when surgency seemingly was left unregulated, the HPA axis became 

activated, which is supported by findings in the literature (e.g., Donzella et al., 2000). 

When paired with high levels of openness, however, as surgency increased, children 

appear less responsive to the stressor paradigm, as indexed by a negative change in stress 

reactivity. This could be because elements of these two intrapersonal characteristics work 

synergistically with one another. Specifically, surgency and openness both are 

characterized by a desire to seek out novelty, challenge, or rewarding situations in the 

surrounding environment (Rothbart, 2011). Further, open children enjoy partaking in 
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intellectual work and adapt easily in uncertain situations (Abe, 2005; DeYoung, Peterson, 

& Higgins, 2005; Shiner & Masten, 2008), while more surgent children need stimuli of 

higher intensities in order for them to physiologically respond (Raine, 2002). Taking the 

various elements of these intrapersonal characteristics into account, the current findings 

imply that the stressor paradigm may not have been appraised as a threat, or at least one 

large enough to elicit an increase in stress reactivity.  

The final interaction from the reactive by regulatory model involved the 

component of self-regulation. In line with the predictions, surgent children displayed 

greater stress reactivity when levels of self-regulation were low and reduced stress 

reactivity when levels of self-regulation were high. However, while the direction of 

associations fit with the hypothesis, the shape of the interaction illustrates that levels of 

self-regulation mattered more for those children who scored low in surgency (e.g., shyer). 

That is, for highly surgent children, differing levels of self-regulation had a negligible 

impact on stress reactivity, but as levels of surgency decreased, stress reactivity increased 

for those children high in self-regulation and decreased for those children low in self-

regulation. In contrast to surgent children, it has been suggested that shyer, more reactive 

children have a lower threshold for physiological reactivity (Kagan et al., 1987) and are 

more apt to use avoidant coping strategies when faced with challenge (Lengua & Long, 

2002; Lengua, et al.,1999). As such, at times, shyer children have been found to have 

lower cortisol levels than other children (E. P. Davis et al., 1999), perhaps reflecting their 

avoidant withdrawn behaviors in the face of psychosocial stressors (Coplan et al., 2013; 

Fox, Henderson, Marshall, Nichols, & Ghera, 2005; Lopez, Vazquez, & Olson, 2004). 

The current results seem to lend support to this, as those shyer children low in self-
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regulation showed reduced stress reactivity. In contrast, when high levels of self-

regulation are present, which would foster more active coping and stressor engagement 

(e.g., E. P. Davis et al., 1999), stressor reactivity increased for shyer children. These 

types of interactions could shed light on why intrapersonal characteristics like shyness are 

associated with both increased and decreased cortisol levels (e.g., E.P. Davis et al., 1999; 

Schmidt et al., 2007).  

Surgency and Reactive Intrapersonal Characteristics (Reactive by Reactive     

Model) 

The finding for surgency by state anxiety was in line with the reactive by reactive 

prediction in that surgency was positively associated with stress reactivity when state 

anxiety was concomitantly high. State anxiety is experienced as a state of unpleasant 

emotional arousal that occurs in the face of threat or challenge (Lazarus, 1991), and both 

state anxiety and stress reactivity have been shown to increase during evaluation periods 

in college-aged students (Merz & Wolf, 2015). Since surgent children are especially 

sociable and their social rank appears to be of importance to them (e.g., Gunnar, et al., 

1997), the social evaluative component of the stressor paradigm might have been 

especially salient for some surgent children. Indeed, as current finding indicate, as levels 

of surgency increased, those children high in state anxiety experienced increases in stress 

reactivity. Importantly, this finding lends support to others, who have found positive 

associations between surgency and stress reactivity in young children when solidifying 

their social ranking in peer group settings (e.g., Gunnar et al., 1997) and in competitive 

contexts (e.g., Donzella et al., 2000). While predictions were not made for children with 

low levels of state anxiety, a negative association between surgency and stress reactivity 
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surfaced when state anxiety was low. Thus, if the stressor was not perceived as aversive, 

stress reactivity decreased for these surgent children. This finding is in line with others 

who have uncovered negative associations between surgency and stress reactivity (e.g., 

Blair et al., 2004; B. Evans et al., 2016). Overall, this interaction indicates that, while in 

past studies surgent children generally have been found to be less physiologically 

responsive in familiar contexts (e.g., Tarullo et al., 2011; Turner-Cobb et al., 2008), some 

are more vulnerable to feelings of distress than others.  

Self-Regulation and Reactive Intrapersonal Characteristics (Reactive by Regulatory 

Model)  

State anxiety was involved in an additional interaction with self-regulation. In line 

with the reactive by regulatory predictions, children who experienced state anxiety in 

response to the stressor paradigm also displayed an increase in stress reactivity when 

their levels of self-regulation were low and a decrease in stress reactivity when their 

levels of self-regulation were high. These findings indicate that unregulated states of 

anxiety are positively associated with stress reactivity. However, the shape of the 

interaction indicates that levels of self-regulation mattered more for children low in state 

anxiety, which was an unexpected finding. As such, as levels of state anxiety decreased, 

stress reactivity increased for those children concomitantly high in self-regulation, while 

it decreased for those low in self-regulation. Further, those children with low levels of 

state anxiety and self-regulation appeared physiologically unresponsive to the stressor 

paradigm. Low levels of state anxiety imply that, overall, these children did not find the 

stressor paradigm to be stressful enough to trigger any significant level of psychological 

distress that needed to be managed. However, regardless of children’s appraisal of the 
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stressor paradigm, the task still was one that required completion. The presence of high or 

low levels of self-regulation would suggest that the tools necessary to successfully 

complete the challenging task either were sufficient or inadequate, and, subsequently, the 

child’s ability to either engage or disengage from the stressor paradigm may have been 

influenced as well. As previously mentioned, increased cortisol levels have been 

associated with task engagement and self-regulatory abilities such as effortful control 

skills (e.g., Blair et al., 2005; E. P. Davis et al., 2002). Thus, when state anxiety is low, 

the differing trends seen for those high and low in self-regulation could be reflecting 

differences in the ability to adaptively engage with and complete a challenging task.  

Self-Regulation and Self-Regulatory Intrapersonal Characteristics (Regulatory by 

Regulatory Model) 

Specifically, the first finding that was contrary to the prediction involved 

openness and self-regulation. openness was positively related to stress reactivity when 

self-regulation was high, and negatively related to stress reactivity when self-regulation 

was low. Since the shape of the interaction indicated that levels of self-regulation 

mattered more for children high in openness, those findings are discussed. While 

openness is the broadest of the five personality factors (De Pauw & Mervielde, 2010), 

differences in many of its facets are said to reflect temperamental differences in a 

biologically based system that promotes active exploration of the environment (e.g., 

approach) (Shiner & De Young, 2013). This implies that children high in openness have 

strong approach tendencies, which may facilitate how readily open children embrace 

novelty (Caspi & Shiner, 2006) and easily adapt when circumstances are uncertain (Abe, 

2005). As such, it is plausible that children high in openness did not find the current 
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stressor paradigm to be threatening, and the increases and decreases seen in stress 

reactivity in open children at high and low levels of self-regulation, respectively, once 

again could reflect differences in engagement / disengagement with the stressor. Overall, 

while the findings for this interaction were in unexpected directions, they do illustrate 

that stress reactivity in children high in openness is influenced by additional factors, 

providing possible insight as to why openness has been both positively (e.g., Bibbey et 

al., 2013; Oswald et al., 2006) and negatively associated (e.g., Wirtz et al., 2007) with 

stress reactivity in the adult literature.  

The second finding that diverged from the original prediction involved emotional 

regulation and self-regulation. Particularly for children reporting low levels of self-

regulation, emotional regulation was negatively associated with stress reactivity. As 

aforementioned, higher levels of emotional regulation are indicative of emotional 

stability, while lower levels indicate the presence of more neurotic tendencies (McGhee 

et al., 2007). Further the absence of sufficient levels of self-regulation illustrates that the 

cognitive wherewithal to cope actively with the stressor likewise might be inadequate. As 

such, children low in self-regulation who also are emotionally stable might have 

employed more passive coping strategies (Zeidner & Endler, 1996) to manage the 

stressor paradigm. This certainly could have resulted in the observed decrease in stress 

reactivity.  

The finding for activation control by self-regulation was the only regulatory by 

regulatory interaction involving self-regulation that was in the predicted direction. 

Specifically, activation control was negatively associated with stress reactivity for 

children concomitantly high in self-regulation. The presence of activation control denotes 
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a child’s ability to initiate behaviors (e.g., approach) or actions when there is a strong 

desire against doing so (see D. Evans & Rothbart, 2007; Rothbart et al., 1994). Thus, this 

skill can be exceptionally useful when children must engage with stressors or other 

challenging tasks they may rather avoid. Indeed, this current finding illustrates that when 

this skill is paired with self-regulation, they synergistically result in a decrease in stress 

reactivity. This decrease in stress reactivity further suggests that under conditions of high 

levels of self-regulation, possessing the ability to initiate contextually appropriate 

behaviors might help a child more readily adapt, and, as such, require less effort.  

Additional Interactions between Self-Regulatory Intrapersonal Characteristics 

(Regulatory by Regulatory Model) 

Contrary to the prediction, activation control was negatively associated with stress 

reactivity for children low in emotional regulation. Specifically, as levels of activation 

control increased, stress reactivity decreased for children who were less emotionally 

regulated (i.e., neurotic). Thus, in children with more neurotic inclinations, higher levels 

of activation control may enable them to suppress their natural tendency to withdraw and, 

instead, activate approach behaviors in response to the stressor paradigm. Thus, like other 

children high in approach (e.g., Blair et al., 2004), neurotic children who possess 

activation control skills have reduced stress reactivity; whereas if these skills are lacking, 

increased stress reactivity is seen.  

Interactions Involving Ambiguous Intrapersonal Characteristics  

The exploration of ambiguous intrapersonal characteristics in the current 

dissertation was done to discover if the inclusion of these undefined elements of 

temperament could be meaningful in regard to stress reactivity. Indeed, two interactions 



 

! 98 

surfaced including internalizing symptomatology by perceptual sensitivity and social 

sensitivity by activation control. The first interaction revealed that internalizing 

symptomatology was positively related to stress reactivity only for those children high in 

perceptual sensitivity. While past research has uncovered direct associations between 

increased stress reactivity and internalizing problems (e.g., Gunnar & Vazquez, 2006), 

the current findings imply that, at least in this relatively low-risk sample, high levels of 

perceptual sensitivity also may play a role. By definition, perceptual sensitivity is closely 

related to the concept of sensory-processing sensitivity (see D. Evans & Rothbart, 2008), 

which is a general trait characterized by the ability to detect subtle, low intensity stimuli; 

thorough processing of environmental contexts; and higher emotional and physiological 

reactivity (Aron & Aron, 1997; Aron et al., 2012). While further work is warranted, these 

findings suggest that being more in tune to environmental stimuli during stressor 

exposure might contribute to increased stress reactivity in children with high levels of 

anxiety-related traits.  

The second interaction revealed that social sensitivity was positively related to 

stress reactivity only for those children low in activation control. In the current 

dissertation, the intrapersonal characteristic social sensitivity was made up of two facets 

of affiliativeness (i.e., affiliation, pleasure sensitivity) from the Rothbart model (Rothbart 

& Derryberry, 1981). Thus, these children can be described as having a strong desire to 

be close to their peers and do not enjoy high-intensity stimulation. As such, the 

challenging nature of the stressor paradigm and the possibility of negative social 

evaluations from their peers could have made the stressor paradigm especially aversive 

for these children. Further, since activation control reflects a child’s capacity to perform 
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an action when there is a strong tendency to avoid it (see D. Evans & Rothbart, 2007), a 

lack of this skill in socially sensitive children certainly could have contributed to the 

observed increase in stress reactivity. This supposition is supported further by the fact 

that high levels of activation control were able to decouple the link between social 

sensitivity and stress reactivity.  

Noteworthy Interactions  

 Overall there were several interesting findings. There were a plethora of 

interactions involving the reactive intrapersonal characteristic of surgency. Children high 

in surgency have been characterized as highly active, with a tendency to constantly 

explore the surrounding environment with a disregard for rules and regulation of their 

behavior (Berdan, Keane, & Calkins, 2008). Unexpectedly, surgency was positively 

related to stress reactivity when agreeableness and emotional regulation were high. Thus, 

when surgency was paired with high levels of intrapersonal characteristics that could 

facilitate behavioral regulation in the face of a stressor, stress reactivity increased, 

perhaps, in part, to manage the dissonance between the desire not to regulate with the 

presence of available regulation. Further, it could be argued that a regulatory variable 

such as openness, which is more akin to surgency in that they both facilitate approach and 

active exploration of a child’s surroundings, would result in the opposite pattern. That is 

precisely what occurred. This illustrates when a pairing between two intrapersonal 

characteristics is synergistic in nature, managing a stressor appears to not require 

increased energy and, as such, any increase in stress reactivity.  

The findings also imply that self-regulation seems to contribute an energetic 

component to the interactions in which it was involved, in that when high levels of self-



 

! 100 

regulation were present, the remaining intrapersonal characteristic was positively 

associated with stress reactivity. This finding furthers the results of others who found that 

increased levels of stress reactivity are not necessarily indicative of distress or of a failure 

to cope, but rather these observed increases may reflect the active management of a 

stressor in some children (e.g., E. P. Davis et al., 1999). One exception to this was when 

high levels of self-regulation were paired with the regulatory intrapersonal characteristic 

of activation control, where the resultant interaction between activation control and stress 

reactivity was negative. Activation control also was negatively related to stress reactivity 

for those children low in emotional regulation, while social sensitivity was positively 

related to stress reactivity when activation control was low. Taken together, activation 

control, or rather the ability to activate behaviors a child would rather avoid, appears 

related to reduced levels of stress reactivity under several different conditions. This is a 

finding that had not been uncovered previously.  

Strengths and Limitations 

Strengths  

The current study has several strengths. While the Rothbart model (Rothbart & 

Derryberry, 1981) emphasizes that interactions between children’s lower order reactive 

tendencies and higher order self-regulatory aspects of temperament occur to inform and 

guide behaviors, the current dissertation enhanced and expanded the model in key ways. 

Specifically, the model was enhanced with the addition of intrapersonal characteristics 

from the personality tradition as well as measures related to affectivity. Further, the 

model was expanded to include testing between intrapersonal characteristics within the 

same category (e.g., reactive by reactive). Both the enhancement and expansion of the 
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Rothbart model (Rothbart & Derryberry, 1981) allowed for a more comprehensive 

picture to surface in regard to which intrapersonal characteristics interact with one other 

to influence stress reactivity of the HPA axis.  

Another strength of the current dissertation is that it took place in a naturalistic 

setting. It has been argued that laboratory-based stressor paradigms may have limited 

ecological validity due to constraints imposed by operating in controlled environments 

(e.g., Zanstra & Johnston, 2011). Further, partaking in a laboratory-based stressor 

paradigm might not reflect fully how a child might respond to a real world stressor, as 

they might not find the consequences personally relevant and, thus, not distressing or 

engaging enough to mount an increase in stress reactivity. Further laboratory-based 

paradigms oftentimes result in an observed decrease in stress reactivity in children in 

relation to their baseline levels (i.e., basal) (e.g., Dougherty, Klein, Congdon, Canli, & 

Hayden, 2010; Kryski et al., 2013; Talge, Bruce, Donzella, & Gunnar, 2003). It has been 

posited that this could be due to elevated anticipatory cortisol that occurs in response to 

laboratory visits (see Gunnar et al., 2009). Thus, the current study took place in children’s 

respective classrooms, as basal cortisol samples between home and school are not 

significantly different from one another after a brief acclimation period (e.g., E. P. Davis 

et al., 1999).  

An additional reason data were collected well after children had time to acclimate 

to their classrooms was that prior experience is considered to be a form of habituation 

and has been shown to attenuate stress reactivity in some children (e.g., Zimmerman & 

Stansbury, 2004), while possibly prompting increased stress reactivity in other children 

who have more inhibited behavioral tendencies (e.g., fear) (Groeneveld et al. 2013). 
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Since it is not the reactivity of the HPA axis, per se, that contributes to poor outcomes but 

rather its chronic reactivity, sampling cortisol in a habituated context was done in an 

effort to unveil those children who might be more vulnerable to the impact of common 

real-life stressors.  

Further, prior investigations of intrapersonal characteristics have provided 

evidence that task novelty may conceal the influence of intrapersonal characteristics on 

stress reactivity, in that stress reactivity during initial stressor exposure may reflect a 

more state-like characteristic of the HPA axis, while variation in stress reactivity after a 

habituation period may reflect more trait-like characteristics (e.g., Federenko, Nagamine, 

Hellhammer, Wadhwa, & Wüst, 2004). Indeed, intrapersonal characteristics appear 

associated more strongly with stress reactivity upon repeated exposure to stressor 

paradigms in both adults (e.g., Pruessner et al., 1997) and children (e.g., Granger, 

Stansbury et al., 1994). Therefore, the current study employed a stressor paradigm that 

would be a salient, but commonly encountered, stressor to which children should have 

been previously habituated.  

Limitations 

 There are several limitations to be considered when interpreting the current 

findings. First, due to the cross-sectional nature of this dissertation, no conclusions can be 

inferred regarding causality or directionality of effects. In order to elucidate the specific 

ways these intrapersonal characteristics influence one another and the HPA axis, 

longitudinal studies will be necessary. Second, all the intrapersonal characteristics were 

obtained by self-report. While, self-reported traits have proved to be strong predictors of 

actual behavior and have shown high correlations with personality ratings provided by 
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spouses, peers, and experts (Fleeson & Gallagher, 2009; McCrae, 1991), complementing 

such measures with behavioral tasks that measure skills such as EC might help enrich 

future findings.  

  Third, in the present dissertation, in order to overcome the limitations of the 

modest sample size, the number of variables tested was reduced through the application 

of a PCA. While this accomplished the task, there still were several variables given the 

sample size. Moreover, evidence from the extant literature as well as findings from this 

current dissertation illustrate that the sub-facets of temperamental factors can be 

associated directly with stress reactivity and also are capable of moderating associations 

between reactive characteristics and stress reactivity in children (e.g., Kryski et al., 2013). 

However, the variable reduction techniques applied, while necessary, might have 

occluded other associations involving the sub-facets of the temperamental factors. Thus, 

future studies would be wise to consider using larger sample sizes in order to investigate 

these.  

Lastly, it is possible that engaging in mathematics could have caused the observed 

increase in cortisol for some children, as several of the same executive functions that 

underlie self-regulation also underlie mathematical abilities (for a review, see Cragg & 

Gilmore, 2014). To that regard, it is important to note that the most widely used 

standardized stressor paradigm also has a mathematical component in which participants 

must partake in five minutes of mental arithmetic following a speech task (Trier Social 

Stress Test) (Kirschbaum, Pirke, & Hellhammer, 1993). Nonetheless, it could be argued 

that it was not possible to parcel apart to which element of the stressor paradigm children 

were responding, the mathematics, the social evaluation, or perhaps both. Further, while 
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the stressor paradigm was designed carefully to present as a real-world stressor, it also 

incorporated elements most likely to engender stress reactivity (uncontrollability, social 

evaluative threat) (see Dickerson & Kemeny, 2004). Thus, due to the fact that stress 

reactivity was, in effect, manipulated, it is unlikely that this many interactions would 

surface in future studies that are more observational in nature.  

Future Directions  

While the current paradigm resembles a task in which children would engage 

within the school contexts, it is possible that a different pattern of results would emerge 

with a different type of paradigm or within a different context (e.g., home). Further, 

coping is tied closely to intrapersonal characteristics, and, while there is some evidence 

that coping strategies are consistent over time (Skinner & Zimmer-Gembeck, 2007), a 

child’s temperamental dispositions might lead them to employ coping strategies that are 

adaptive in one context while maladaptive in another. Thus, future studies should 

measure stress reactivity across multiple tasks and contexts and incorporate measures of 

coping into the study design in order to paint a more comprehensive picture of which 

intrapersonal characteristics under which conditions may contribute to stress reactivity of 

the HPA axis.  

The current investigation also was done in a relatively low-risk group of children 

attending a university lab school. Future studies should be conducted in children who 

attend the main public school system, which will better allow the inclusion of children 

who come from families of varied socio-economic statuses. This would improve the 

generalizability of the findings. Moreover, longitudinal investigations would need to be 

conducted on a much larger scale then the present study, with the goal of establishing 
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directionality of effects. To that end, data would need to be collected repeatedly over 

several waves so a path analysis can be conducted. Additionally, in order to gain a more 

comprehensive understanding of direct associations or interactions that can predict stress 

reactivity, additional cortisol samples would need to be taken during each wave.  

Final Conclusions  

As can be deduced from the current findings, the consideration of trait by trait 

interactions in regard to stress reactivity offers a much more detailed story than assessing, 

on average, differences or testing for direct associations. Further, the current results 

provide evidence that, indeed, these trait by trait interactions may serve as a possible 

explanation for the mixed results found in the extant literature when investigating direct 

associations between intrapersonal characteristics and stress reactivity. Importantly, 

several of the interaction effects found were crossover effects, which indicate that the 

interactions involved two intrapersonal characteristics that did not have any significant 

main effects. This suggests that data should be examined in multiple ways, and when 

theoretically sound, even in the absence of main effects, interaction models should be 

tested when attempting to uncover factors that may influence stress reactivity. Further, 

while the reactive by regulatory model yielded the most significant results, findings 

surfaced for almost all combinations of characteristics, except for an ambiguous by 

ambiguous model. This emphasizes that intrapersonal characteristics not previously 

considered relevant to stress reactivity outcomes may be interacting with more 

traditionally studied characteristics and should continue to be considered. Taken together, 

investigating trait by trait interactions in regard to stress reactivity should continue in 
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order to provide a more nuanced understanding of how these factors influence the stress 

reactivity of children in late middle childhood. 
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Appendix C. Surgency and Its Moderators 

 

 
 
Figure C1. Surgency and its moderators. 
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