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ABSTRACT 

 

 

Previous examinations of the temperamental trait surgency have largely focused 

on single facets of the global construct rather than attempting to identify how- or if- 

individual facets truly converge to comprise a global trait. The current project tested a 

holistic model of surgency based on temperament theory (Rothbart & Derryberry, 1981) 

that used a multi-trait multimethod approach to integrate multiple domains of regulation 

and reacitivity. Four models were tested that included measures of physiological 

regulation, behavioral regulation, emotion regulation, and parent-reported temperament. 

A single model emerged that accounted for biological, behavioral, affective, and parent-

reported, domains of surgency in 3.5 year old children. This model comprised high levels 

of positive affect, fidgeting, impulsivity, and RSA suppression loading onto a single 

latent factor of high surgency. This work contributes to the temperament literature by 

providing initial evidence for a holistic composite of surgency during early childhood that 

is consistent with classic temperament definitions of surgency.  
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SURGENCY: A HOLISTIC MODEL 

 

 

Introduction 

 

 

The developmental trajectories of traits such as aggression or shyness in early life 

are putatively important markers for determining which individuals are at risk for later 

externalizing or internalizing behavior problems, respectively (Schwartz, Snidman, & 

Kagan, 1996; Kagan, 1988). A significant step in establishing risk for later disorders is 

the use of theoretically informed models to fully characterize dimensions of early risk. 

Temperament theory (Goldsmith et al., 1987) provides just such a theoretical framework. 

Traditionally, temperament has been viewed as individual differences in behavioral styles 

(Thomas & Chess, 1977), especially those behavioral propensities that are genetically 

based, present in early childhood, and generally stable across the lifespan (Buss & 

Plomin, 1975). More recent perspectives depict temperament as a reflection of individual 

differences in propensities for experiencing and expressing the basic emotions 

(Goldsmith & Campos, 1982), which comprise the early form of developing personality 

(Rothbart, Ellis, & Posner, 2004). Most theoretical perspectives agree that temperament 

involves individual differences in reactivity and regulation (Goldsmith et al., 1987: 

Rothbart & Derryberry, 1981; Rubin, Coplan, Fox, & Calkins 1995), particularly those 

that are rooted in biological function (Goldsmith et al., 1987; Rothbart & Derryberry, 

1981). Given general agreement upon this definition, it is the definition of temperament 

adopted in the current work.  
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Much effort has been placed into identifying how temperament traits may put 

children at risk for anxiety and internalizing problems, with the majority of work 

focusing on a link between excessive temperamental inhibitions (Chronis-Tuscano, 

Degnan, & Pine, 2009; Fox, Henderson, Rubin, Calkins, & Schmidt, 2001; Kagan, 

Reznick, Snidman, Gibbons, & Johnson, 1988). Less work has attempted to delineate the 

ways that temperamental traits may comprise early risk factors for the development of 

externalizing problems. A temperament trait that may be of particular relevance for risk 

for externalizing problems is surgency, also referred to as exuberance (Putnam & Stifter, 

2005). Surgency in children has been abstracted as a combination of multiple processes, 

though these vary somewhat across development. In children, surgency includes the 

domains of impulsivity, marked by frequently acting or speaking without forethought; 

high-intensity pleasure, commonly conceptualized as high sensation seeking; high 

activity level compared to typically developing peers; and a lack of shyness to novelty or 

danger (Putnam, Ellis, & Rothbart, 2001). Surgency in early and middle childhood also 

involves high levels of approach behavior (particularly to novelty), positive affect, and 

positive anticipation (Putnam & Rothbart, 2006; Putnam & Stifter, 2005). In infants, 

surgency additionally comprises greater vocal reactivity, greater levels of smiling and 

laughter, and more perceptual sensitivity compared to other infants (Garstein & Rothbart, 

2003). 

A simplified depiction of surgency describes surgent individuals as low in 

baseline levels of reactivity and underregulated during stimulating interactions with the 

environment. Namely, the four major facets of surgency (impulsivity, high intensity 
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pleasure, high activity level, and lack of shyness), are believed to result from low levels 

of baseline reactivity that lead to a higher threshold for stimulation (Zentall & Zentall, 

1983). This propensity motivates children high in surgency to seek out more active, 

intense experiences (Kafry, 1982; Zentall & Zentall, 1983). An important consequence of 

this may be that high levels of impulsivity coupled with greater sensation seeking result 

in the child being unable to downregulate high-intensity experiences, even when they are 

misattuned to the environment (Schachar & Logan, 1990).  

Surgent behaviors are observable within the first year of life and remain visible 

well into early childhood and adolescence (Kagan, Reznick & Snidman, 1987), though 

the dimensions of surgency that are most prominent may shift with development. There 

are two schools of thought when discussing children with surgent tendencies. Per 

traditional views about temperament, as described above, surgency can be parsed into 

domains that reflect specific propensities for reactivity and regulation (Rothbart & 

Derryberry, 1981). A second view, which is related to but distinct from a traditional 

temperament perspective, suggests that surgency itself is a facet of a larger construct, 

disinhibition (Kagan, Reznick, & Gibbons, 1989). This view focuses most heavily on 

observable child behaviors, wherein a disinhibited child portrays mannerisms and 

characteristics that contrast those of an inhibited child, such as greater approach to 

novelty or more positive affect. Notably, this perspective adheres to a categorical rather 

than continuous view of temperament styles and suggests that disinhibited children are 

qualitatively distinct from other children. Because there is some behavioral overlap, 

disinhibition is related to, but distinct from both lack of inhibition and surgency.   



4 

 

 

 

For example, infant assessments of disinhibition (Kagan, Reznick, & Gibbons, 

1989) overlap with domains of surgency (Garstein & Rothbart 2003), such as approach to 

novel or unfamiliar objects and people, proximity to caregiver during play episodes, 

latencies to touch new and unfamiliar toys, and motor reactivity to novel stimuli 

(Schwartz et al., 1996). Similarly, assessments of disinhibition in toddlerhood both 

overlap with measures of surgency (e.g. approach to unfamiliar peers or adults, motor 

activity when presented with novel toys) and also assess unique behaviors, such as risk 

taking (Schwartz, et al., 1996), vocalizations, and displays of aggression (Kagan et al., 

1987).  

When assessments are developmentally sensitive, surgency shows moderate 

stability across infancy and toddlerhood. Specifically, children who are more approach 

oriented to high- intensity objects at 12 months of age aew also more likely to be high in 

approach and positivity at age 2 (Putnam & Stifter, 2005). Similarly, infants high in 

positivity and reactivity at 4 months of age are more likely to show greater approach 

behavior at 9 months of age, and 9 month behaviors are associated with greater overall 

surgency at 24 months. Stability in surgency is also shown from toddlerhood to early 

childhood with overall surgency at 24 months predicting surgency through 5 years of age 

(Degnan et al., 2011). Infants who are classified as disinhibited at 4 months show 

moderate stability in these traits for over 4 years (Fox, Henderson, Rubin, Calkins, & 

Schmidt, 2001.) To date, the longest period of stability suggested for disinhibition is 5 

years. After being classified as either inhibited or uninhibited at 32 months of age, 17% 
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of children who are re-assessed at 8 years of age remain uninhibited (Pfeifer, Goldsmith, 

Davidson, & Rickman, 2002).  

Early surgent tendencies are also linked to early behavior problems, underscoring 

the potential utility of surgency as a marker of early risk. For example, children who are 

classified as exuberant at age 2 not only show more responsiveness to novelty and less 

shyness to strangers than other toddlers at age 4.5, but also show less delay of 

gratification, more externalizing behaviors, and more conflict with peers during preschool 

(Stifter, Putnam, & Jahromi, 2008). Infants initially categorized as uninhibited at 21 

months are reported by parents to be less likely to be subdued by novelty and more likely 

to show aggressive or externalizing behaviors at 12 years of age (Schwartz et al., 1996). 

Greater exuberance is also positively associated with direct assessments of externalizing 

problems in 4.5 year olds (Stifter et al., 2008). Not all of the characteristics of surgency 

are inherently negative; however, this work suggests that a greater propensity for 

surgency can place children at heightened long-term risk for externalizing problems later 

in life (Stifter et al., 2008). 

While the associations described above are important in identifying surgency as a 

putative marker of early risk, studies markedly differ in the specific behaviors that may 

be used to quantify surgency. In particular, most work on surgency focuses on a single 

aspect, most frequently approach or positivity (Degnan et al., 2011; Magnusson, 1998; 

Majdandzic & van den Boom, 2007), rather than adopting a multi-trait approach that 

would holistically reflect the domains described by temperament theory. Further, it is not 

uncommon for studies of temperament to ignore the potential mutual influences of facets 
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of surgency, disregarding the possibility that these offer new meaning when assessed in 

tandem as opposed to in isolation (Janson & Mathiesen, 2008; Magnusson, 

1998).Ignoring the complex, multi-faceted nature of surgency as defined by temperament 

theory may lead to problems understanding the degree to which the global construct of 

surgency, rather than individual behaviors can be empirically defined, precisely 

measured, and linked to childhood outcomes. Identifying convergence across the 

numerous dimensions of surgency is important for (1) overlaying the construct with its 

basis in temperament theory, (2) accurately defining surgent behavior, and (3) developing 

the ability to distinguish potentially problematic levels of surgency from typical child 

development. To address this gap in the literature, I will test putative behavioral and 

biological dimensions as facets of a holistic construct of surgency derived though a multi-

trait, multimethod approach.  

 

Self-Regulatory Domains of Surgency: 

Behavioral and Emotional Regulation 

 

Temperament theory offers a rich foundation from which to characterize 

dimensions of surgency through assessments of individual differences in reactivity and 

regulation. In a typically developing system, systems of reactivity are offset by systems 

of self-regulation (Frick & Morris, 2004; Rothbart & Derryberry, 1981), resulting in 

balanced and adaptive behaviors. Self-regulation refers to the functioning of multilevel 

processes to increase, decrease, maintain, and/or restructure patterns of reactivity in either 

an anticipatory or correctional manner (Rothbart & Derryberry, 1981). Regulatory 

processes include, but are not limited to the modulation of reactivity through attention 
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and behavioral approach or avoidance (Rubin et al., 1995), and frequently stress a critical 

role of executive attention (Rothbart & Derryberry, 1981).  

Temperament theory depicts self-regulation as comprising at least three 

cognitively-based systems that control behavior: inhibitory control, defined as the ability 

to subdue a predominant behavior and employ a subdominant response (Rothbart et al., 

2004); attentional control, defined as the ability to efficiently shift attention and focus on 

the task at hand; and activation control, defined as the ability to perform an action when 

one desires to avoid it, or to continue a type of undesirable task (Rothbart et al., 2004). 

Self-regulation also encompasses more specific regulatory processes, including emotion 

regulation, or the ability to initiate, maintain, and modulate the occurrence, intensity, and 

expression of emotion (Eisenberg et al., 1996).  

Self-regulation and emotion regulation develop later in life than do reactive or 

excitatory tendencies (Posner & Rothbart, 2000). For example, during the first 3 months 

of life, infants rely on physiological mechanisms, such as the orienting response (Posner 

& Rothbart, 2000), to help regulate emotional distress (Kopp, 1982). Between 3 and 9 

months, infants use sensorimotor activity to begin to regulate themselves; for example, 

behaviors such as kicking and babbling help to downregulate intense emotions and 

sensations (Kopp, 1982). It is also during this time that approach tendencies become 

largely apparent (Lewis, 1993), preceding the development of inhibitory skills. From 9 to 

12 months of age, infants are able to interact with others and engage in goal-directed 

action, which includes the rudimentary engagement of consciously-selected, higher order 

self-regulatory behavior (Kopp, 1982). During the second year of life, toddlers develop 
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impulse control abilities, but continue to lack advanced cognitive self-regulatory skills 

such as inhibitory control. These skills do not develop until 4 years of age, enabling 

children to control behavior in the absence of their caregiver (Kopp, 1982).  

Given its foundational place as a dimension of temperament (Rothbart & 

Derryberry, 1981), it is perhaps not surprising that self-regulation plays an important role 

in the development of surgency. Children high in surgent traits appear to be less 

proficient at emotion regulation compared to children not high in those traits. Observed 

surgency in toddlerhood is positively associated with parent-reported anger and 

frustration (Putnam & Stifter, 2005) and aggressive and externalizing problems later in 

life (Polak-Toste & Gunnar, 2006; Putnam & Stifter, 2005). The combination of surgency 

and poor regulation of both positive and negative emotions is associated with greater 

externalizing problem behaviors in 5 to 8 year old children (Stifter et al., 2008; Rydell, 

Berlin, & Bohlin, 2003). Evidence for regulatory difficulties in children with more 

surgent tendencies is particularly salient during periods of challenge. High levels of 

unregulated emotion during periods of disappointment and frustration in surgent children 

is posited as a risk factor for externalizing problems later in childhood (Stifter et al., 

2008). An inability to self-regulate is further evidenced by these children seeking aid 

from their parents in regulating their frustration (Dollar & Stifter, 2012). Specifically, 

children with high surgent tendencies are more likely to seek help from a parent during a 

frustration task relative to nonsurgent peers. Unregulated levels of positive emotion may 

be particularly problematic for children high in surgency. The characteristic of high 

positive affect is associated with greater levels of impulsivity, less shyness to novelty 
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(Putnam & Stifter, 2005), and more primitive regulation strategies (Mangelsdorf, 

Shapiro, & Marsolff, 1995), which appear to depict a child low in baseline levels of 

reactivity and low in self-regulation, and underscores the importance of assessing this 

domain. 

Children with greater propensities for surgent traits may exhibit problems with 

self-regulation and emotion because they persist in relying on ineffective, rudimentary 

regulatory strategies. This is most apparent in relation to distraction or fidgeting, two 

regulatory behaviors that develop in sequence for most children (Mangelsdorf et al., 

1995). These two strategies appear to reflect the maturation of executive abilities, with 

the developmental sequence typically showing an early reliance on fidgeting that shifts to 

an increasing use of distraction during the second year of life (Magnelsdorf et al., 1995). 

Distraction is conceptualized as a more effortful and more complex function relative to 

fidgeting (Neuenschwander & Blair, 2017). In contrast, the persistent use of fidgeting 

may indicate an increasing of baseline arousal, which allows the child to remain alert to 

the task if they become bored or are having difficulty remaining focused, but does not 

necessarily predict task completion (Neuenschwander & Blair, 2017; Zentall & Zentall, 

1983). A persistent reliance on fidgeting during middle childhood, long after distraction 

emerges as the preferred regulatory strategy for most children, is linked to less inhibitory 

control and activational control. Perhaps not surprising, fidgeting has been recognized as 

the strategy of choice for children that show surgent tendencies, such as increased 

impulsivity and less effortful control (Neuenschwander & Blair, 2017).  
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A reliance on fidgeting, a regulatory strategy that functions to maintain arousal 

levels, supports the postulate that children evidencing greater surgent traits may be 

hyporeactive at baseline (Neuenschwander & Blair, 2017; Zentall & Zentall, 1983). This 

idea is further supported by research assessing basal arousal rates of children who are 

defined as impulsive, active, of short attention span, aggressive, and spontaneous (Zentall 

& Zentall, 1983). Such children, whose behaviors clearly overlap with those of surgent 

children, are described as underaroused at baseline and prone to seek out environments 

with greater stimulation. Underaroused, low-reactive children commonly exhibit 

sensation-seeking behaviors, such as fidgeting, to increase their sensory stimulation 

(Zentall & Zentall, 1983). Similarly, underarousal leads to seeking out more intense 

stimuli, risky situations, or heightened impulsive behaviors intended to increase arousal 

levels. A related viewpoint suggests that underaroused children are engaging in 

compensatory behaviors to self-stimulate, because they are trying to reach a point of 

“optimum arousal” for functioning (Zuckerman, 1971). This proposition suggests that 

children with extremely surgent tendencies may be more inclined to upregulate physical 

or emotional arousal in order to maintain an optimal level of arousal. 

In summary, extremely children with higher levels of surgent behaviors appear to 

regulate differently than their low-surgent peers. Consistent with temperament theory, 

research suggests that, at baseline, these children are hyporeactive and thus rely on active, 

impulsive behaviors to increase arousal. Perhaps related to this, children with greater 

propensities for surgent behavior appear to be less effective at downregulating emotions, 

such as aggression and intense positivity, perhaps due to their reliance on more 
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rudimentary (i.e., fidgeting) rather than complex (i.e., distraction) regulatory strategies. 

Based on the scope of evidence presented above, I propose that behavioral and emotional 

facets of self-regulation are critical aspects of the global construct of surgency and that 

these behaviors can be composited into a multi-trait measure of surgency that accurately 

reflects the temperament-based construct. 

 

Biological Facets of Surgency:  

Physiological Reactivity and Regulation 

 

Temperament theory posits that individual differences in reactivity and regulation 

are biologically based (Goldsmith et al., 1987). Accordingly, surgent behaviors are 

believed to be rooted in biological systems that underlie individual differences in 

reactivity and regulation (Rothbart & Derryberry, 1981). An index of one of the earliest 

abilities to self-regulate reflects the influence of the parasympathetic nervous system on 

sympathetic reactivity (Porges & Furman, 2011). Activity in this regulatory system is 

assessed as respiratory sinus arrhythmia (RSA), a measure of naturally occurring beat -to- 

beat variability in heart rate that occurs at the frequency of respiration (Porges, 1995; 

2001).  

 The use of RSA as an index of regulation is rooted in the notion that mammals 

have a unique vagal system (named as such for its origin in the 10
th

 cranial nerve, or 

vagus) that allows for biological regulation in contexts of stress, novelty, and/or social 

challenges (Porges, 1995; 1997). Specifically, Polyvagal theory (Porges, 1995; 1997) 

describes a system that places physiological limits on behavior and psychological 

experience through its determination of the availability of metabolic resources (Porges, 
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1997). In this system, input from the motor cortex is projected through the vagus nerve, 

which exerts tonic influences on the sinoatrial node (i.e., the heart’s pacemaker). When 

tonic influences are high (i.e., high RSA or high variability in heart rate), the system acts 

as a “brake” on heart rate. When tonic influences are low (i.e., low RSA or low 

variability in heart rate), the “brake” is essentially removed, resulting in little to no 

inhibition on the rhythmic firing of the pacemaker. In this way, measures of RSA are 

used to assess biological support for engaging and disengaging from stimuli in the 

environment, or individual differences in regulating behavior to meet environmental 

demands (Porges, 1995; 1997; 2001). Given its origins in neural function, RSA has also 

been used to reflect the engagement of attentional and emotional states (Beauchaine et 

al., 2008) suggesting its utility as a marker of activity in both behavioral and cognitive 

systems of regulation.  

The measurement of RSA is used to index individual differences in regulation in 

two primary ways. Measures of RSA during a resting baseline provide an index of 

homeostasis. Baseline RSA is also referred to as a “readiness to respond” measure, 

reflecting greater parasympathetic activity that can be withdrawn during periods of 

challenge (Porges, 2011). Conversely, RSA measured during cognitive or emotional 

challenges indexes regulation at the biological level in response to an unpredictable or 

potentially dangerous alteration of their environment. 

Baseline RSA is greater for children compared to adults, and tends to decrease 

with age (Beauchaine et al., 2008). Higher heart rate variability in childhood reflects both 

the lack of maturation in the parasympathetic system and also the lack of stable 
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regulatory abilities. As the child develops, RSA decreases, and self-regulation matures. 

Lower resting RSA relative to one’s peers can be indicative of less readiness to engage 

with one’s environment, whereas a higher resting RSA can be indicative of more 

readiness to react to changes in the environment (Porges, 2011).  

Given that both baseline and task RSA evidence broad individual variability, real-

time efforts at regulating in response to the environment may be best indexed though a 

comparison of the two measures (Burt & Obradović, 2013). Decreases in RSA from 

baseline to task, known as RSA suppression, are believed to reflect parasympathetic-

derived regulation that allows for task completion (Porges, 1995; 2011). Similar to 

baseline measurements, RSA suppression in response to challenge decreases with age, 

potentially reflecting both the maturation of parasympathetic systems (Porges, 1996) and 

increases in the ease with which an individual adapts to his/her environment (Beauchaine 

et al., 2008). In this way, RSA, traditionally depicted as a regulatory measure, truly 

reflects both a reactive and regulatory response given that shifts in parasympathetic 

arousal occur in response to shifting environmental demands. 

Surgency is negatively associated with children’s ability to regulate at a 

behavioral and physiological level. Children with greater surgent tendencies, such as high 

levels of activity and positive affect, present with low baseline RSA (Calkins & Dedmon, 

2000)  and significantly less RSA suppression during an emotionally challenging task 

relative to low-risk peers (Calkins & Dedmon, 2000).  

Taken together, previous work suggests that children that are more likely to 

exhibit surgent traits are either over-reactive to environmental challenge or not as adept at 
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self-regulation as are low-surgent peers. Remarkably, the evidence is visible at both the 

behavioral and biological level. Thus, in summary, RSA suppression provides a useful 

index of biological reactivity and regulation in the face of challenge. Previous work has 

highlighted that surgent children show dysregulation both at the biological level, 

evidenced as less suppression during a challenge, and at the behavioral level, evidenced 

as inappropriate affect during a disappointment task (Calkins & Dedmon, 2000). Thus I 

propose to include RSA suppression as an index of reactive and regulatory tendencies as 

a facet of a global composite of surgency. 

Another biological measure that highlights the physiological underpinnings of 

self-regulation comes from recordings of naturally occurring neural activity. Event 

related potentials (ERPs) can be used to differentiate neural processes that occur on the 

order of milliseconds in both adults and young children. Perhaps most relevant for 

surgency, one well established ERP, the N2 is believed to index inhibitory control at the 

neurological level ((Falkenstein, Hohnsbein, Hoormann, & Blanke, 1991); Satterfield, 

Schell, Macks, & Hidaka, 1984). The N2 appears as a negative deflection in neurological 

recordings between 200 and 500 milliseconds after a stimulus representing inhibition of a 

response is presented. It is observed at medial-frontal recording sites (Jonkman, 2006). 

The N2 is classically associated with inhibitory motor control (Falkenstein, Hoormann, & 

Hohnsbein, 1999), such that N2 amplitudes are greater (i.e., more negative) when 

inhibitory control is needed. The N2 is also useful for discerning differences in the 

amount of neural effort that is being utilized to perform a task. Specifically, greater 
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neural effort is indexed by greater (more negative) N2 amplitudes (Botvinick, Braver, 

Barch, Carter, & Cohen, 2001).  

 Although ERP studies with young children are rare, the N2 has been established 

as a reliable marker of inhibitory control in developing populations. In fact, N2s have 

been elicited in children as young as 4 years of age (Buss, Dennis, Brooker, & Sippel, 

2011). Studies of the N2 in children displaying high surgent tendencies support the 

position that they differ from nonsurgent children in self-regulatory processing even at 

the neural level. For example, smaller (less negative) N2 amplitudes are associated with 

greater parent-reported surgency during preschool (Buss et al., 2011). Similarly, children 

with greater propensity for surgency between the ages of 6 and 7.5 years, showed 

significantly smaller N2 amplitudes relative to their peers (Satterfield et al., 1984). This 

trend reverses later in development; children with greater surgency behaviors between 

ages 9 and 12 had larger N2 amplitudes than their peers, for whom amplitudes had 

declined as inhibitory processing became less effortful and more automatic. Even four 

years later, the children who had greater surgent behaviors’ N2 amplitudes declined more 

slowly than those of typically-developing peers. This evidence suggests that the 

development of neural mechanisms underlying inhibitory processing may be delayed for 

children with more surgent traits, relative to nonsurgent children (Satterfield et al., 1984).  

Thus, previous work has shown that compared to their peers, children with more 

surgent tendencies require more neural effort to deploy inhibitory processes and are 

developing inhibitory control more slowly than their peers. Given its association with 
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inhibitory control, a primary facet of surgency I propose to include is the amplitude of the 

N2 as a neural marker in a global construct of surgency. 

 

Current Study 

 

In sum, despite strong theoretical support that surgency reflects a complex, multi-

faceted temperamental trait previous empirical work has tended to focus on singular 

surgent traits (Degnan et al., 2011; Janson & Mathiessen, 2008; Majdandzic & van den 

Boom, 2007). Thus, the goal for the current project is to establish, through a multi-trait 

multimethod approach, a holistic composite of surgency based in temperament theory. To 

do this, I will use factor analysis to test the degree to which behavioral regulation, 

emotion regulation, parent-reported surgency, and markers of physiological regulation 

truly reflect a single construct consistent with temperamental surgency. I hypothesize that 

low levels of emotional regulation, physiological regulation, behavioral regulation, and 

greater parent-reported measures of surgency will merge into a single, holistic composite 

of temperamental surgency. By addressing each aspect of the classic definition (Putnam 

et al., 2001) and investigating the mutual influences of each facet (Janson & Mathiesen, 

2008) this model has the potential to help promote a better understanding of the 

convergent processes that have been previously associated with surgent behavior in 

children. Importantly, this work will be done in a sample of 3-year-old children, for 

whom regulatory behaviors are undergoing rapid development. This age reflects a critical 

period for the development of regulatory processes and thus an important time at which 

to study links between regulatory difficulties and the emergence of surgency. 
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Method 

 

 

Participants and Design 

 

 

Participants (N=119) were recruited when children were 3 years old (M= 3.56, 

SD=0.35; 60% female) as a part of a larger study on preschoolers’ emotional and 

cognitive development. Eligible families were invited to participate via mailings based on 

local birth records (n=60), flyers (n=13), and in-person recruitment at public events 

(n=46). Families who agreed to participate were mailed questionnaire packets two weeks 

prior to a scheduled laboratory visit. The questionnaires included surveys of parent and 

child information ranging from emotion and coping measures to the child’s physical 

health. Questionnaires were returned upon arrival to the laboratory. 

All children came to the laboratory accompanied by their primary caregiver. After 

consent was obtained, participants were escorted to a room where physiological data 

were collected during a resting state and during a cognitively challenging task. Following 

this, children participated in a series of behavioral episodes designed to assess child 

temperament (Goldsmith, Reilly, Lemery, Longley, & Prescott, 1999). Parents were 

present, but uninvolved, for all data collection procedures except for a parent-child 

interaction task that occurred at the end of the laboratory visit. Families received $30-$40 

for their time and each child was given a small gift as a token of appreciation. On 

average, families spent a total of 90 minutes in the laboratory.  
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Measures 

  

Self-Regulation. Self-regulation was assessed using the Snack Delay episode from 

the Lab-TAB (Goldsmith et al., 1999). During this procedure an attractive treat was 

placed under a clear plastic cup. The child was instructed that there was a single rule to 

the game: s/he was not to take the treat from under the cup until the experimenter rang a 

hand bell. The full episode comprised six trials, with wait times varying from 0 to 60 

seconds.  

Videos of the snack delay were coded offline. Scored behaviors included the 

child’s ability to wait to eat the snack (0 = no wait, 1 = wait), fidgeting, defined as visible 

and distinct movements such as kicking legs, clapping hands, or unable to sit still in the 

chair (1 = no fidgeting, 4 = strong fidgeting), and distracting, defined as orienting body 

away from treat and looking around the room, avoiding looking at the treat or 

experimenter (1 = oriented toward treat for the entire trial; distraction not sustained, 3 = 

oriented away from the treat and distraction is definite). Coder reliabilities were high 

(Fidgeting κ= 0.740; Distraction κ =0.775). Scores for each epoch were mean composited 

and standardized (e.g., M = 0, SD = 1). Behaviors were coded such that negative values 

indicate higher levels of behavior. 

Almost all children (n = 110) were able to wait the full trial before eating the 

snack, resulting in little variability in this variable; thus it is not considered further. The 

behaviors Fidgeting and Distracting were not significantly correlated (r = 0.016, p > .05), 

and so were not composited. These behaviors were considered as two different aspects of 

inhibitory control; distraction has been posited to be a more adaptive regulative strategy, 
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and also linked to more effective emotion regulation (Raver, Blackburn, Bancroft, & 

Torp, 1999), whereas fidgeting has been considered to be a more rudimentary, arousing 

strategy (Neuenschwander & Blair, 2017).Thus, fidgeting was considered a more basic 

regulatory strategy, whereas distraction was considered to be a more complex form of 

regulation. The behaviors observed here were reflective of self-regulation strategies 

employed to complete the task. 

 

Emotion Regulation. Levels of positive affect were assessed during a Puppet 

Show episode designed to elicit positive affect in toddlers and preschoolers (Goldsmith et 

al., 1999). During this, the child and his/her parent were seated in the experimental room 

across from a puppet show theater, from which a female experimenter conducted a 3 

minute puppet show. The puppets attempted to engage the child through a series of three 

games: fishing (catching magnetic fish with a fishing pole), catch (playing catch with a 

foam ball), and sticker (the child is offered a sticker as a “gift” from the puppets).  

Video of the Puppet Show were coded offline in roughly 1 minute epochs for 

displays of smiling and laughter signifying the presence of positive affect. Intensity of 

smiling was rated on a 4-point scale indicating the highest intensity observed for each 

epoch (0 = no smiling, 3 = large smile with lips stretched broadly, bulging cheeks, and 

upturned, crinkle around the eyes), while laughter was coded for each epoch as present or 

absent (0 = not present, 1 = present). Coder reliabilities were high (Smiling κ= 0.877; 

Laughter κ= 0.856). Ratings were averaged across epochs within behavior. Because they 

were coded on different scales, ratings of smiling and laughter were also standardized and 

mean composited. 
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Parent-reported Surgency. The Child Behavior Questionnaire-Short is a 94-item 

parent-report measure for children ages 3 to 8 (Putnam & Rothbart, 2006; Rothbart et al., 

2001) that asks parents to rate (1= not true at all, 7= very true) how true a given 

statement is for their child. The scale Surgency was the focus for the current study. The 

Surgency scale comprises 5 subscales including Activity Level, Approach/Positive 

Anticipation, High Intensity Pleasure, Impulsivity, and Shyness. Shyness scores were 

reversed in order to capture the inverse behaviors associated with shyness. Each subscale 

included 6 statements such as, “Likes to play so wild and recklessly that s/he might get 

hurt”, or “Seems to be at ease with almost any person.” Reliability for the Surgency scale 

was high (α=.75). Maternal and paternal rating of the surgency scale were significantly 

correlated (r=0.573, p < 0.01), and thus composited into a single variable of Surgency. 

 

RSA suppression. Continuous electrocardiogram (ECG) data were collected 

through BioSemi’s Active 2 system during a baseline and Go/No-Go task. The ECG 

signal was recorded through two flat Ag/Cl tipped electrodes placed on the inside of the 

child’s wrists. All data were referenced to CMS/DRL during recording.  Data were 

sampled at a rate of 2048 Hz. For the baseline episode, children watched 5 minutes of an 

emotionally neutral clip from the children’s show, the Magic School Bus
TM

.  Following 

this, children completed a modified Go/No-Go task (Torpey, Hajcak, & Klein, 2009). For 

this, children were told that they were a captain who was going on a trip into outer space, 

where they would see both asteroids and spaceships, which served as the visual stimuli 

for the task. Children were told that when they saw the asteroids (go stimuli) they should 

press a response button as fast as possible so that the asteroids would not damage their 
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captain’s ship. However, they were told not to press the button when they saw spaceships 

(no-go stimuli) so that they did not damage other captains’ ships. Each child completed 

20 practice trials to ensure s/he understood the task instructions. When it was clear the 

children understood the task they completed 2 blocks of 40 experimental trials. Each 

block primed a “go” response through a 60:40 ratio of Go to No-Go trials. Similar to 

previous work in developmental samples (Steiben, Lewis, Granic, Zelazo, Segalowitz, & 

Pepler, 2007) performance was held constant (~50%) via an algorithm that adjusted as 

difficulty as the child progressed through the task.  

Data were scored offline using Mindware HRV analysis software. Heart rate data 

that fell above 200 beats per minute or below 40 beats per minute were excluded 

automatically based on a validated algorithm that detects improbable intervals based on 

the overall distribution (Berntson, Quigley, Jang, & Boysen, 1990). Data were bandpass 

filtered at 40 Hz and 250 Hz to remove muscle noise and low-frequency drift and notch 

filtered at 60 Hz to remove electrical noise. Data were then detrended using a first-order 

polynomial, cosine tapered, and submitted to fast Fourier transformation (FFT). Similar 

to previous approaches (Brooker & Buss, 2010) RSA was defined as the natural log 

integral of the 0.24 to 1.04 Hz power band and calculated in 30 second epochs. 

Mean levels of RSA were derived by averaging across epochs within episodes for 

each participant, resulting into an average RSA value for the baseline RSA episode and 

an average RSA value during the Go/No-Go episode. The average number of epochs for 

baseline was 8.000 per participant (SD = 2.637) and the average number of epochs for the 

task was 6.968 per participant (SD = 1.631).  
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RSA suppression scores were computed by subtracting baseline RSA values from 

task RSA values for each participant (RSAGNG-RSABaseline= ∆RSA). Values were coded 

such that negative values reflect higher levels of suppression, and positive values reflect 

lower levels of suppression. 

 

N2. EEG data were acquired during a Go/No-Go task using BioSemi Active 2 

recording system. Continuous EEG was recorded through a 64 channel cap using 

Ag/AgCl tipped electrodes arranged according to the American Electroencephalographic 

Society 10-20 labeling system. Children were capped and conductive gel applied to each 

individual electrode site. Flat electrodes were also placed at the outer canthi of the left 

and right eye to collect vertical eye movement. Two flat electrodes were also placed on 

the mastoids for later re-referencing. Data were sampled at a rate of 512 Hz and 

processed offline by re-referencing all electrodes to the mastoids. A high pass filter of 0.1 

Hz was applied to remove slow-wave artifacts, and eye movements and blinks were 

corrected (Gratton, Coles, & Donchin, 1983). Following this, data were segmented into 

Correct and Incorrect trials, which were baseline corrected for 200 milliseconds before 

stimulus onset. Artifacts were removed with a semi-automatic filter, and visually 

inspected for residual eye movement, muscle movement, or other type of artifact. Clean 

segments were averaged and low pass filtered at 30 Hz. N2 peaks were marked at four 

electrode sites (Fz, FCz, Cz, Pz), as the most negative point in the waveform between 200 

and 500 milliseconds. The difference wave was computed by subtracting Correct peaks 

from Incorrect peaks (N2Incorrect –N2Correct = ∆N2). Similar to RSA suppression, negative 

values reflect greater amplitudes and positive values reflect smaller amplitudes. The use 
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of a difference wave allows for the statistical elimination of neural activity that reflects 

processing that is common to both incorrect and correct trials (Luck, 2014).  Only 

participants that had six or more of each trial type were included for analysis. 

 

Missing Data.  Nine participants did not have available parent reported CBQ data 

due to parents not completing the questionnaire. Fifteen participants were missing RSA 

suppression scores because they did not complete either the baseline or Go/No-Go task, 

or had unresolvable artifacts in the ECG. Seven participants did not have observable data 

for the Snack Delay task, and 9 participants did not have observable data for the Puppet 

Show task. Thus, the final sample included complete data for 114 children. Full 

information maximum likelihood (FIML) procedure was used on the missing data 

(Graham, 2009) The FIML method allows the model to use all data that contribute a 

portion of the data, thus it denotes data to be missing at random and is preferable to 

accommodate missing data (Little & Rubin, 1987). Little’s MCAR (χ
2
 = 19.032, df = 24, 

p = 0.750) was not significant, thus data were assumed to be missing completely a 

random; this procedure ensured the use of 94% of the sample. 

 

Plan for analysis 

  

Analyses proceeded in a series of three steps. First, I conducted preliminary 

analyses to examine bivariate correlations that would support the inclusion of each 

measure of surgency into a global composite. Second, using a theory-driven approach, I 

conducted a confirmatory factor analysis to test the convergence of the proposed facets of 
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surgency onto a single multi-trait, multimethod latent factor. Finally, this model was 

trimmed and refined using a data driven approach until a final global factor was obtained.  

 

Results 

 

Preliminary Analyses 

 

Descriptive statistics and bivariate associations among primary variables are 

presented in Table 1. A Principle Component Analysis (PCA) verified that N2 amplitudes 

did not converge with any other putatively surgent behaviors; thus, the N2 measure is not 

considered further. Observed distraction was uncorrelated with other study variables, 

though a PCA suggested some covariation with other measures. Thus, distraction was 

retained and tested as part of the holistic composite. 

Levels of RSA suppression were comparable to those observed in previous work 

with children (Calkins & Keane, 2004). Scores for fidgeting, distraction, and positivity 

included the full range of the scales for observed behaviors. All variables were normally 

distributed. 

Because fidgeting and distraction were uncorrelated, these behaviors served as 

measures of self-regulation in separate models. That is, all models were run in duplicate: 

once with observed self-regulation represented as fidgeting (labeled Model A) and once 

with self-regulation represented as distraction (labeled Model B). 
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Table 1 Correlations and Descriptives 

  M SD 1   2   3     4     5     6 7 

1 Parent R. 4.493 0.598 -       

2 Imp. 4.366 0.899 0.807* -      

3 ∆RSA  -0.159 0.899 -0.146 -0.251* -     

4 Fid. 0.009 0.894 -0.064 -0.104 0.161 -    

5 Dist. 0.010 0.875 -0.010 0.032 0.037  0.016  -  

6 P.A. 1.006 0.475 0.130 0.167 -0.080 -0.261* -0.059    -  

7 ∆N2 -13.964 11.260 0.024 -0.053 0.109 0.254* -0.019 -0.247 - 

Note. N = 114, * = p < .05. Parent R. = Parent Report scores from the CBQ-short 

Surgency scale; Imp. = Impulsivity; ∆RSA = RSA Suppression; Fid. = Fidgeting; Dist. = 

Distraction; P.A. = Positive Affect; ∆N2 = N2 amplitude difference scores  

 

 

Model Identification 

 

Structural equation models (SEMs) were used to test the study hypotheses. Four 

models were tested using MPlus Version 7 (Muthen & Muthen, 2007). All models were 

overidentified (15 data points and 5 parameters to be estimated) and had a minimum 

covariance coverage of 0.702. In all cases, 4 separate indexes were utilized to determine 

model fit. These included the chi-square statistic (χ
2
), root mean square error of 

approximation (RMSEA), comparative fit index (CFI), and Tucker Lewis index (TLI). 

The chi-square tests the given model against a null model for goodness of fit by looking 

for discrepancies between the given data and the proposed model (Kenny, 2015). A 

nonsignificant result is desired for χ
2
 as it indicates a lack of difference between the fit of 
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the proposed and ideal models. RMSEA scores range from 0 to 1 and utilizes a 90% 

confidence interval, with 0 suggesting a perfect fit for the model (Kenny, 2015).Finally, 

the comparative fit index (CFI) and Tucker Lewis index (TLI, also NonNormed Fit 

Index) compare the theoretical model to that of an independent model where variables are 

assumed to be uncorrelated. CFI and TLI scores range from 0 to 1, with 1 suggesting a 

perfect fit, or that the theoretical model surpasses the fit of the independent model 

(Kenny, 2015). 

 

Measurement Models 

 

Model 1. Model 1A included RSA suppression, fidgeting, positive affect, and the 

parent-reported surgency as manifest variables loading onto an overall Surgency factor 

(Figure1). The χ
2
 test was not significant (χ

2 
= 1.538, df = 2, p = 0.463), and all other fit 

indices indicated a good model fit (RMSEA = 0.000 [90% CI = 0.000-0.172]; CFI = 

1.000; TLI = 1.254). 

For this model, the latent factor reflected low levels of fidgeting and low levels of 

positive affect. RSA suppression and parent-reported surgency did not significantly load 

onto the latent variable. 
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Figure 1. SEM measurement Model 1A * = p < .05 

 

 

Model1B was identical to Model 1A except that distraction replaced fidgeting as 

an observed component of behavioral regulation (Figure 2). The χ
2 

for Model 1B was not 

significant (χ
2 

= 0.259, df = 2, p = 0.878), and all other fit indices indicated a good model 

fit (RMSEA = 0.000 [90% CI = 0.000-0.091]; CFI = 1.000; TLI = 1.000). In this model, 

none of the factors significantly loaded on the latent variable. 

 

 

 

 

 

 

 

Figure 2. SEM measurement Model 1B  
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Model 2. It was unexpected that, for Model 1, parent reported Surgency did not 

load significantly on a putative global factor of surgency. Rather than exclude parent-

report from the overall model, I decomposed this scale into its constituent subscales to 

investigate whether a specific facet of surgency might best converge with other measures. 

As shown in Table 2, impulsivity, a common proxy for surgency (Fox et a., 2001; 

Rothbart & Bates, 1998) was the only variable that related to other measures of surgency. 

For this reason, impulsivity replaced the global surgency measure and models were rerun. 

As shown in Table 1, impulsivity was relatively high in this sample. This may reflect a 

developmental phase; children at this age are typically more impulsive than older 

children (Schachar & Logan, 1990). 

 

   Table 2   Child Behavior Questionnaire Subscale Correlations 

 CBQ 

Activity 

Level 

CBQ 

Approach/Positive 

Anticipation 

CBQ High 

Intensity 

Pleasure 

CBQ 

Impulsivity 

Impulsivity  0.657* 0.389*  0.467*  -  

∆RSA -0.124 -0.077  -0.021  -0.225*  

Fidgeting -0.084 0.039  -0.042  -0.129  

Distraction -0.111 -0.169  0.005  -0.001  

Positive Affect 0.187 0.104  0.030  0.167  

Note. N = 114, * = p < 0.05 

 

 

Model 2A included the manifest variables RSA suppression, fidgeting, positive 

affect, and impulsivity that loaded onto an overall Surgency factor (Figure 3).The χ
2
 for 

the model was not significant, (χ
2 

= 2.471, df = 2, p = 0.291) and additional fit indices 
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indicated a good model fit (RMSEA = 0.045 [90% CI = 0.000-0.197]; CFI = 0.94;9 TLI 

= 0.847). All four factors loaded significantly onto a single latent variable. Loadings 

indicated that high scores on the latent variable reflected less RSA suppression, less 

fidgeting, less positive affect, and less impulsivity. Conversely, high surgency would be 

characterized by greater levels of RSA suppression, more fidgeting, greater positive 

affect, and higher levels of impulsivity. 

 

 

 

 

 

Figure 3. SEM measurement Model 2A * = p = 0.06, ** = p < .05 

 

Model 2B was identical to Model 2A except that distraction replaced fidgeting as 

an observed component of behavioral regulation (Figure 4). The χ
2
 for the model was not 

significant, (χ
2 

= 0.459, df = 2, p = 0.794), and the fit indices indicated a good model fit 

(RMSEA = 0.000 [90% CI = 0.000 - 0.118]; CFI = 1.000; TLI =4.765). However, similar 

to model 1B, none of the manifest variables loaded significantly onto a latent surgency 

factor. 
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Figure 4. SEM measurement Model 2B  

   

 

Discussion 

 

 

For the present study, I tested for the presence of a holistic, global composite of 

surgency. Results suggested that a global construct of surgency is not equally plausible 

from any combination of measures of surgency. That is, only one model returned a latent 

variable with significant loadings for measures of behavioral regulation, emotion 

regulation, parent-reported surgency, and physiological regulation. These results and their 

implication are discussed below.  

Preliminary results revealed that a neural measure of inhibitory control, a facet of 

surgency identified by temperament theory (Rothbart & Derryberry, 1981) was unrelated 

to cardiac, observed, and parent-reported measures of surgency. It is possible that this 

lack of convergence reflected differences in the timing of each of these domains of 

surgency. Neuroimaging work has shown that 3-year-old children are still undergoing 

extensive neural pruning (Casey et al., 1997), a process that affects the maturation of 

inhibitory processes reflected by N2. Thus, it is possible that this neural network was too 

immature for all children at this age, not just those high in surgency. This is consistent 
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with other developmental theories that have suggested during the preschool years systems 

supporting self-regulatory processes, like inhibitory control, are undergoing rapid 

developmental change (Kopp, 1982). Thus, the current sample may have been too 

developmentally immature for N2 to reliably index inhibitory control at the level of 

neural processing. Indeed, this would represent the youngest sample to date in which N2 

has been used as an index of inhibitory control.  

Another possibility for the lack of observed convergence of N2 with other 

measures is that neural mechanisms may simply function at a level of behavior that is 

further removed from a global surgency construct than are our other measures. Thus, the 

N2 may have been assessing a level of regulatory processing that is too distal from 

observed behaviors to be reliably associated with these types of measures. Consistent 

with this possibility, previous work has described neural signatures, such as the N2, as 

occurring at a pre-motor, rather than motor level (Falkenstein et al., 1999). 

Preliminary analyses also revealed a lack of association between two measures of 

behavioral regulation- distraction and fidgeting- suggesting that these are qualitatively 

distinct regulatory behaviors. A nonconvergence of these measures may suggest broad 

individual differences in the use of these regulatory behaviors (Neuenschwander & Blair, 

2017). That is, it may be the case that children at this age are not showing a preference 

for either regulatory strategy, at least in a way that is consistently associated with other 

modes of regulation. Interestingly, only fidgeting was associated with other traits 

reflecting surgency in the presented model. As will be discussed further, this may be 
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indicative that fidgeting is a more typical surgent tendency, whereas distraction may be 

unrelated to the construct of surgency holistically. 

 The initial model tested included observed behavioral and emotion regulation and 

parent-reported behaviors along with physiological facets of surgency identified by the 

temperament literature. The latent variable in this model primarily reflected the co-

occurrence of fidgeting and positive affect such that low levels of fidgeting and low 

levels of positive affect tended to occur together. Whether or not this factor reflects 

surgency is difficult to say; typically developing children may also be likely to show a 

co-occurrence of positive affect and fidgeting in this pattern. The co-occurrence of 

positive affect and fidgeting is consistent with a greater propensity for approach and 

positive anticipation, traits of surgency (Stifter & Putnam, 2005), but the lack of other 

domains of function does not suggest a multi-trait, complex structure of global surgency.  

Further, the presence of these behaviors in the absence of other domains, such as 

evidence for altered physiological regulation or reactivity, does not denote an individual 

with distinct patterns of reactivity or regulation consistent with surgency as defined by 

temperament theory. Without additional evidence for patterns of reactivity and regulation 

that are consistent with a theoretically-based definition of surgency, this factor should be 

considered to be an unlikely composite of surgency in early childhood. 

A second notable characteristic of the first model was that only behavioral 

measures loaded significantly onto the latent factor. More specifically, the results from 

this model do not reflect more than one domain of assessment. This is important given 

that an essential aspect of this project is to test the plausibility of delineating a complex, 
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multi-trait index of surgency that reflects multiple domains of function. One reason for 

this finding may be that the composites, though justified by temperament theory 

(Rothbart et al., 2001) included individual measures that may have been too distinct from 

a global measure of surgency (i.e., behavioral approach tendencies, parent perceptions, 

biological reactivity, and observed affective displays). 

It is also possible that a lack of convergence resulted from constituent pieces of 

the proposed composite measuring aspects that were less appropriate for surgency at this 

age. Developmentally, children at 3.5 years of age are more active, more impulsive, and 

more prone to loud vocalizations and laughter relative to older children (Schachar & 

Logan, 1990). Without the explicit understanding that surgency is reflected in behavior 

above and beyond that of typical development, these questions may have simply been 

capturing typical child development, and not tapping into the more extreme behaviors of 

surgency. That is, greater levels of some behaviors outlined in this composite (e.g., 

impulsivity) are normative in children at this age, and would not alert parents to non-

typical behaviors that would be associated with greater surgent traits (Schachar & Logan, 

1990). More importantly, the lack of observed convergence could suggest that these 

composite measures are tapping into a different domain of function apart from the other 

measures. Similarly, the laboratory observations may provide insight into only a subset of 

children’s behavioral traits. Because they focus on short-term reactions, they may be less 

reliable for compositing children’s global behavioral tendencies (Zentner & Bates, 2008), 

and thus less sensitive for compositing into a single, converging factor that is 

representative of overall behavior. Temperament theory posits that everyone has a 
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spectrum of surgent traits (Rothbart & Bates, 1998), and that these vary based on the 

individual expression due to biological and behavioral propensities in reactivity and 

regulation. Thus, the small snap shots of behavior that were recorded from the laboratory, 

like the parent-reported measures, may have limitations in reflecting extreme surgent 

traits in children this age. 

There was one model that returned a composite consistent with the temperament 

based construct of surgency. Specifically, the latent factor in this model reflected greater 

efforts at biological reactivity to environmental challenge, reflected in increased efforts at 

regulation, more positive affect, greater fidgeting, and greater impulsivity. This factor is 

consistent with expectations for a holistic representation of surgency that accounts for 

constituent domains described in the literature (Putnam et al., 2001). 

The factor derived from Model 2 suggested that individual facets of surgency can 

and do covary together in specific ways. Loadings for measures of emotional and 

behavioral regulation were consistent with the notion of surgency as associated with 

hyporeactivity at baseline levels and having poor regulation, which is consistent with 

temperament theory (Rothbart & Derryberry, 1981). Specifically, the latent factor 

reflected high levels of fidgeting, a relatively immature strategy that has been previously 

associated with surgent traits (Neuenschwander & Blair, 2017) and supports the assertion 

that children who are more likely to present with surgent tendencies may be using this 

strategy to increase baseline levels of reactivity, despite difficulties in later 

downregulating this arousal. This may suggest that self-regulation is occurring at a 

rudimentary level, consistent with previous findings with surgent children (Dollar & 
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Stifter, 2012). Importantly, a negative loading for RSA suppression, putatively reflecting 

enhanced attempts at regulation, indicated that regulation is not simply absent for 

children evidencing more surgency related traits. Rather, it is more likely that regulation 

is occurring in an ineffective manner or is otherwise not “carried through” to the level of 

observed behavior. That is, despite attempts at regulation on a biological level, impulsive 

behaviors and levels of positive affect are still remaining high. 

Thus, the latent composite derived in Model 2 suggests a profile in which children 

engage in fidgeting in order to raise low baseline levels of arousal, show increased 

physiological effort to downregulate arousal, and become unable to control emotional 

(positivity) and behavioral (positive affect) responses. Children with more surgent traits 

may be in a “vicious cycle” of simultaneously attempting to increase baseline arousal and 

downregulate reactivity, ultimately falling prey to impulsive behaviors, as would be 

expected from a temperamental perspective. Importantly, this overall depiction of an 

extremely surgent child is incomplete when only individual measures are used. That is, 

there is little existing evidence that these tendencies co-occur in the ways described here. 

Thus, the current project offers a clearer, potentially more precise depiction of how 

individual facets of reactivity and regulation converge in a way that is consistent with the 

theoretical definition of temperamental “surgency”.  

For both models, distraction appeared to be unrelated to other putative indices of 

surgency. If distraction is conceptualized as a more complex strategy of self-regulation 

relative to fidgeting (Mangelsdorf, Shapiro, & Marzolff, 1995), based on previous work 

showing children with surgent propensity to use fidgeting as a form of self-regulation 
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(Neuenschwander & Blair,2017), it is reasonable to expect children exhibiting more 

surgent tendencies to be less likely to adopt distraction. It is also possible that the 

selection of distraction as a regulatory mechanism is simply unrelated to surgent traits in 

children at this age. Specifically, whether a child decides to adopt distraction as a 

regulatory mechanism may not be contingent on their degree of surgency. Rather, 

fidgeting, in addition to or in absence of distraction, emerges as a more prototypical 

surgent tendency that would be more likely to co-occur with other typical surgent traits. 

Temperament theory depicts surgency as comprising, in part, impaired regulatory 

function (Rothbart & Derryberry, 1981). Previous work on emotion regulation in 

childhood depicts distraction as a more complex, more effective higher-order cognitive 

strategy for regulation relative to fidgeting (Mangelsdorf etal., 1995; Neuenschwander & 

Blair, 2017; Raver et al., 1999). The data here suggest that surgent tendencies are 

associated with a preference for the use of more rudimentary regulatory behaviors during 

a time delayed task, but are not associated with behaviors such as distraction. Although 

these are both are considered regulatory strategies (Neueschwander & Blair, 2017; Raver 

et al., 1990), it is clear their implications for surgency are not equal. This distinction 

between fidgeting and distraction further highlights the importance of careful scrutiny of 

the factors chosen for modeling; simply replacing one behavior with another changed 

results quite drastically 

Given that all of the selected behaviors and ratings have been previously 

identified as facets of surgency, it is important that some showed high levels of 

convergence and some showed no convergence. As suggested above, one possible reason 
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for this is that some measures occurred on the same, or at least proximal, levels of 

function (i.e., observed positivity and observed regulatory behaviors), while other 

function as more distal precursors to behavior (e.g., N2). Further, it is possible that 

developmental differences exist in the value of observations and ratings across childhood. 

For example, parent ratings of impulsivity may be highly valuable during this period 

because of its salience during preschool (Shachar & Logan, 1990). Other domains may be 

less visible and thus less reliable, though they may become more relevant when capturing 

extreme surgency at older developmental stages. Thus, while results suggest an ability to 

identify a holistic composite of surgency during early childhood, the degree to which this 

capability extends to subsequent developmental periods in unknown. Similarly, the 

degree to which composites would be expected to be comprised of similar behaviors may 

be low in a developmentally sensitive approach. 

The current study offers clear support for the definition of a global surgency 

construct based in temperament theory. Adhering to the definition of temperament 

including individual differences in levels of reactivity and regulation (Rothbart & 

Derryberry, 1981),  particularly those rooted in biological function (Goldsmith & 

Campos,1982) extreme surgent traits have been associated with hyporeactive baseline 

arousal in children (Rothbart & Derryberry, 1981; Zentall & Zentall, 1983) and a 

perceived lack of self-regulation during frustrating tasks (Dollar & Stifter, 2012). This 

work provides evidence that surgent traits are, in fact, associated with behaviors 

indicative of low baseline arousal and more effortful attempts at regulation. These are 

evidenced as increased levels of fidgeting employed to complete a time delay task, and 
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increased physiological regulation (RSA suppression) in the face of cognitive challenge. 

These facets, coupled with prototypical behaviors associated with surgency such as 

increased positive affect and impulsivity, paint a picture of surgency through the lens of 

temperament theory that is consistent with previous work. 

 

Limitations 

 

While the current study offers an explanation of the individual contributing facets 

of surgency and how they are interacting in concert, there are specific limitations that 

must be addressed. One such limitation is that the sample was relatively small (n =119); 

it has been suggested that SEM requires at least 200 participants to return stable 

parameter estimates (Barrret, 2007). In addition, due to its size and the area from which 

participants were recruited, this sample may not be representative and/or lack 

generalizability. Moreover, it is not clear whether this population offers a representative 

sample of extremely surgent children. 

 

Future Directions 

 

Previous work has shown surgency to have connection to later externalizing. 

From a temperamental view, this is reasonable. If children have propensities for seeking 

out highly stimulating, risky environments (Lahat et al., 2012) but also show difficulties 

with self-regulation, they may find themselves unable to regulate intense, high risk 

activities. The results of the present study corroborate this possibility by providing 

evidence that global surgency may reflect impulsivity and difficulties with regulation on 

multiple levels, and externalizing as well. Together, these tendencies are likely to lead to 
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more negative consequences later childhood, including aggression towards peers (Stifter 

et al., 2008), and externalizing symptoms (Berdan, Keane, & Calkins, 2008). Future work 

should investigate the value of a global surgency construct for predicting levels of risk for 

externalizing problems. To the degree that a more holistic composite may be more 

valuable for identifying surgent propensities, this approach offers a potential tool  for 

improving methods for identifying targets for programs of prevention and intervention. 

 

Conclusions 

 

Surgency is a multi-faceted, complex trait that encompasses biological, 

behavioral, affective, and regulatory characteristics. The dimensions of these 

characteristics are often viewed as single facets that may misinterpret the true nature of 

surgent temperament. In this work, evidence that surgency can be characterized using a 

theory-based, multi-trait, multi-method measure is offered. These results offer a novel 

approach for measuring surgency in a way that is aligned with theory and provides a 

foundation for understanding the global construct.  
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