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ABSTRACT 
 

Disruptive behavior problems are among the most commonly occurring forms of 

childhood psychopathology and show considerable stability beginning in early childhood.  

Investigations of the biological underpinnings of behavior problems have revealed that 

the influences of the parasympathetic branch of the autonomic nervous system on cardiac 

functions are central to self-regulation. Parasympathetic regulation of heart rate is 

indexed via respiratory sinus arrhythmia (RSA). Suppression of RSA during challenging 

emotional and cognitive tasks is associated with better emotional and behavioral 

functioning in preschoolers.  However, the relationship between RSA suppression and 

preschool social functioning is still unclear. Further, direct relationships between 

behavior problems and RSA reactivity within command-based play tasks (i.e., child 

instructed to build 3 towers) with parents and other adults have yet to be examined. The 

present study experimentally evaluated the relationship between child RSA reactivity and 

adult (mother vs. staff) commands requiring child compliance during command-based 
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play tasks in children ages 3-8 with and without disruptive behavior disorders (N=43). 

Child RSA suppression in response to commands was examined as a predictor of child 

command compliance during experimental play tasks and of general child behavior 

problems, and was compared across command-based interactions with mothers versus 

staff. Less RSA suppression in the context of mothers’ play-based commands was 

associated with more severe behavioral problems (p=.046). In the context of staff play-

based commands, more RSA suppression was associated with more severe behavior 

problems (p=.009), an effect that was significant only among boys (p<.000).  Further, 

greater child RSA suppression predicted greater compliance with mother-given 

commands (p=.017), but was unrelated to compliance with staff-given commands. The 

relationship between child RSA suppression and compliance with mother-given 

commands was moderated by child age, such that the effect of RSA suppression on child 

compliance was stronger for younger children than older children. Findings suggest that 

RSA reactivity to social demands, and the functional association between RSA 

suppression and behavioral compliance, vary by social context (i.e., mother vs. other 

adult command-givers) and identify child factors (i.e., age, gender) that influence these 

associations.  This work may inform efforts to identify a biomarker of early childhood 

behavior problems.  
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Introduction 

Disruptive Behavior Disorders 

Disruptive behavior disorders (DBD) are among the most commonly occurring 

disorders in childhood, affecting approximately 1 in 5 children by adolescence (Costello, 

Mustillo, Erkanli, Keeler, & Angold, 2003; Merikangas et al., 2010). DBDs include 

diagnoses of Oppositional Defiant Disorder (ODD) and Conduct Disorder (CD) which 

are characterized by difficulties with emotional and behavioral self-control resulting in 

oppositional and rule-breaking behavior (APA, 2013). Disruptive behavior disorders can 

be reliably assessed as early as 3 years of age and affect up to 7% of preschool children 

(Egger & Angold, 2006; Ezpeleta, Granero, de la Osa, Penelo, & Domenech, 2012). 

Although commonly found to occur more often in boys (See Loeber, Burke, Lahey, 

Winters, & Zera, 2000 for a review), evidence has emerged suggesting more even 

distribution of disruptive behavior problems between males and females across the 

lifespan (Nock, Kazdin, Hiripi, & Kessler, 2007; Rowe, Maughan, Pickles, Costello, & 

Angold, 2002). 

Early-onset problems of oppositionality and non-compliance show considerable 

stability and do not simply constitute normative transient behavioral difficulties (Briggs-

Gowan, Carter, Bosson-Heenan, Guyer, & Horwitz, 2006; Keenan, Shaw, Delliquadri, 

Guivannelli, & Walsh 1998; Keenan et al., 2011; Lavigne, Arend, Rosenbaum, Binns, 

Christoffel, & Gibbons, 1998; Shaw, Gilliom, Ingoldsby, & Nagin, 2003; Tremblay et al., 

2004).  Further, childhood DBDs confer significant risk for depressive, anxiety, and 

substance abuse disorders, and often precede the onset of mood and substance use 
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disorders (Boylan, Georgiades, & Szatmari, 2010; Boylan, Vaillancourt, Boyle, & 

Szatmari, 2007; Nock et al., 2007). Children affected by DBDs experience impairment in 

academic, social and family functioning, and are at higher risk for later life criminality 

(Copeland, Miller-Johnson, Keeler, Angold, & Costello, 2007; Ezpeleta, Keeler, Erkanli, 

Costello, & Angold, 2001; Gau et al., 2007; Kim-Cohen et al., 2003; Lahey, Loeber, 

Burke, & Applegate, 2005). Given the significant prevalence, stability, and impairment 

associated with these disorders, early identification and intervention to mitigate the 

deleterious course of these problems are essential.  

 Early childhood temperamental traits have been identified that are associated with 

later diagnosis of a DBD. Temperamental traits—including negative emotionality, 

intense and reactive responding, low persistence, and inflexibility—have been associated 

with later development of DBDs (Kim et al., 2010; Paterson & Sanson, 1999; Stringaris, 

Maughan, & Goodman, 2010).  Evidence suggests that autonomic nervous system (ANS) 

functioning may underlie such early temperamental difficulties and interact with other 

environmental risks, such as parenting environment, to further contribute to the 

development of DBDs early in childhood (Blandon, Calkins, Keane, & O’Brien, 2010; 

Morales, Beekman, Blandon, Stifter, & Buss, 2015).  Before considering how ANS 

functioning may meaningfully relate to child behavior problems, it is first critical to more 

fully consider basic ANS functioning and its component systems. 

Autonomic Nervous System 

The ANS is comprised of the sympathetic (SNS) and parasympathetic nervous 

systems (PNS), which regulate an individual’s response to internal and external 
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environmental changes and demands. Broadly speaking, the SNS allocates the body’s 

metabolic energy to respond to challenges and threats (i.e., “fight or flight” response), 

whereas the PNS redistributes metabolic energy towards restoration and maintenance of 

homeostasis after threat has passed. The ANS exerts these regulatory functions upon 

multiple organ systems, including the heart. Cardiac activity is regulated by the dynamic 

interplay of the SNS and PNS. Both parasympathetic motor neurons of the X cranial 

nerve (i.e., the vagal nerve) and sympathetic motor neurons act on the sinoatrial node of 

the heart—the heart’s “pacemaker” (Berntson, Cacioppo, & Quigley, 1993). Acceleration 

of heart rate is achieved by the excitatory impulse of the SNS, while deceleration in heart 

rate and return to homeostasis is achieved through PNS inhibition of sympathetic 

activation. Importantly, these influences do not always act opposite one another, and have 

been found to covary reciprocally, independently, and nonreciprocally (Berntson, 

Cacioppo, & Quigley, 1991). 

As both sympathetic and parasympathetic influences contribute to changes in 

heart rate, examination of overall heart rate variability does not provide insight into the 

unique regulatory contributions of sympathetic and parasympathetic influences. The 

unique contributions of the PNS and SNS can be better understood by examining changes 

in heart rate associated with respiration. During the breath cycle, the influences of the 

PNS and SNS vary as a function of respiration phase. During inspiration, the vagal nerve 

is inhibited and sympathetic cardiomotor neurons are activated, leading to increases in 

heart rate. During expiration the vagal nerve is activated, restoring the inhibitory effect of 

the vagal nerve and decreasing heart rate. Importantly, the parasympathetic influences on 
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heart rate occur quickly (i.e., 500 milliseconds) and decay rapidly (i.e., 1 second). 

Sympathetic effects occur more slowly (i.e., 1,200-2,000 milliseconds) and are longer 

lasting (i.e., 15 seconds). Due to the slower and more prolonged impact of sympathetic 

cardiac influences, high frequency changes in heart rate within a respiration cycle (i.e., 

modulations >0.12 Hz) are attributed primarily to parasympathetic control via the vagal 

nerve. Thus, high frequency (>0.12 Hz) rhythmic variation in heart rate that occurs within 

a respiration cycle is termed Respiratory Sinus Arrhythmia (RSA). RSA is considered to 

be a non-invasive index of parasympathetic cardiac influence (Appelhans & Luecken, 

2006; Berntson et al., 1993; Berntson et al., 1997).  

There is currently no gold standard methodology for assessing RSA. However, 

frequency-based methods, including spectral analysis, are widely used to calculate RSA 

(Allen, Chambers, & Towers, 2006; Mendes, 2013). Through spectral analysis, the total 

variance of an electrocardiogram (ECG) data series is broken down into its frequency 

components, and then expressed as a spectral density function—i.e., spectral power as a 

function of frequency (Berntson et al., 1997). Such a process allows for the evaluation of 

data within the specified high frequency band. Autoregressive techniques and the fast 

Fourier transformation are both widely used approaches to spectral analysis, which yield 

similar results (Allen et al., 2007).   

Resting RSA and Self-Regulation 

Organisms at rest conserve energy through slowing heart rate via parasympathetic 

inhibition. Therefore, organisms with strong parasympathetic cardiac control in a resting 

state (i.e., high resting RSA) are thought to have greater reserve energy. This reserve can 
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then be drawn upon when transitioning to an activated state to most flexibly respond to 

demands (Beauchaine, 2001; Grossman & Taylor, 2007; Thayer & Lane, 2000). As 

resting RSA has been conceptualized as an index of coping resources, resting RSA has 

been investigated as a biomarker of youth psychopathology.  

The current literature, however, yields mixed findings regarding resting RSA as a 

biomarker of youth externalizing psychopathology. Lower resting RSA has been linked 

to the presence of externalizing and aggressive behaviors (Beauchaine, 2001; Calkins & 

Keane, 2004; Musser, Galloway-Long, Frick, & Nigg, 2013), but other work does not 

find such a relationship (Crowell, et al., 2006; Hinnant & El-Sheikh, 2009). Given varied 

results regarding resting RSA and child behavior problems, low resting RSA may be 

most usefully conceptualized as a vulnerability factor that can enhance the impact of 

stressors and psychosocial influences, such as parenting (Hastings & De, 2008; Hinnant, 

Erath, & El-Sheikh, 2015; McLaughlin, Alves, & Sheridan, 2014). Beginning in 

preschool, the emotional adjustment of children with low resting RSA is more highly 

influenced by their parents’ socialization behaviors, with higher resting RSA even 

buffering against the effects of parental psychopathology (Blandon et al., 2008; Hastings 

& De, 2008). Later in childhood, low resting RSA has been shown to contribute to the 

development of delinquent behavior under the influences of harsh parenting (Hinnant et 

al., 2015). Given the higher rates of harsh and inconsistent parenting observed in parents 

of children with disruptive behavior problems (Harvey, Metcalfe, Herbert, & Fanton, 

2011; Pfiffner, McBurnett, Rathouz, & Judice, 2005; Rowe et al., 2002), the 

identification of underlying biological vulnerabilities that enhance the influence of 
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parenting practices—positive or negative—has important clinical implications for early 

intervention with at-risk youth. 

RSA Reactivity and Self-Regulation 

RSA reactivity to challenge has been identified as a marker of self-regulation 

processes (Beauchaine, 2001; Porges, 2007; Thayer & Lane, 2000). Prominent theoretical 

perspectives conceptualize the suppression of RSA in response to challenges or threats as 

the allocation of metabolic resources away from maintenance of internal homeostasis and 

towards mobilization of resources for active coping to meet environmental demands 

(Porges, 2007; Grossman & Taylor, 2007; Thayer & Lane, 2000). In the instance of RSA 

suppression, the inhibitory influence of the vagal nerve is decreased, allowing for more 

activation from SNS influences.  

Lower RSA suppression in response to a variety of stressor tasks has been linked 

to poor self-regulation in childhood and adolescence, as well as the broad presence of 

externalizing psychopathology (Blair, 2003; Boyce et al., 2001; Calkins, 1997; Calkins & 

Keane, 2004; Calkins, Smith, Gill, & Johnson, 1998; El-Sheikh, Harger, and Whitson, 

2001; Gentzler, Santucci, Kovacs, & Fox, 2009). However, such patterns are not 

consistently found when characterizing behavior problems by diagnostic status or when 

investigating these patterns within clinical samples of preschoolers (Beauchaine et all, 

2013; Crowell et al., 2006). Overall, recent meta-analytic findings do indicate that greater 

RSA suppression is linked with lower levels of externalizing problems, although the main 

effect of this relationship is small (Graziano & Derefinko, 2013). Importantly, the 

relationship between RSA reactivity and externalizing psychopathology can be 
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influenced by variations in assessment procedures including type of challenge task, social 

context of assessment, and the child’s broader social environment.  

The role of task type. RSA reactivity in early childhood has been assessed as 

change in RSA from resting baseline to engagement in a challenging task, including 

emotional, physical, and cognitive challenges (Blair, 2003; Boyce et al., 2001; Calkins, 

1997; Calkins & Keane, 2004; Calkins et al., 1998; El-Sheikh et al., 2001; Gentzler et al., 

2009). Emotionally challenging tasks are assessed with the induction of emotional states 

via audio and/or video clips (Calkins & Keane, 2004; Gatzke-Kopp, Greenberg, & 

Bierman, 2015), as well as the elicitation of frustration by delaying or eliminating access 

to a pleasurable toy or food (e.g., Calkins & Keane, 2004; Calkins et al., 1998). Cognitive 

challenges are typically presented in tasks requiring sustained attention (e.g., sorting of 

beads by color) or inhibitory control (Calkins & Keane, 2004; Utendale et al., 2014). 

Challenging play tasks have also been utilized (e.g., block-building, puzzle solving, 

origami folding, and toy cleanup), and present cognitive and emotional challenges within 

an interpersonal interaction (Beauchaine et al., 2013; Calkins & Keane, 2004; Graziano, 

Bagner, Sheinkopf, Vohr, & Lester, 2012).  

During frustration-inducing and cognitively demanding tasks, greater RSA 

suppression among young children has often been linked to better child compliance, 

fewer behavior problems, and active engagement in emotion regulation strategies 

(Calkins, 1997; Calkins & Dedmon, 2000; Calkins, Graziano, & Keane, 2007; Calkins & 

Keane, 2004; Calkins et al., 1998; Perry, Calkins, Nelson, Leerkes, & Marcovitch, 2012). 

Meta-analytic findings also indicate that the extent of suppression elicited varies by type 
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of task, with frustrating and negative mood inducing tasks eliciting greater suppression 

than cognitively demanding tasks (Graziano & Derefinko, 2013). However, it is 

important to note that greater, and potentially excessive, suppression of RSA in response 

to anger induction and inhibitory control tasks has been linked to more severe 

externalizing psychopathology and diminished inhibitory control in samples including 

clinical and at-risk youth (Beauchaine et al., 2013; Gatzke-Kopp et al., 2015; Utendale et 

al., 2014). 

These findings provide important insight into patterns of autonomic self-

regulation associated with discrete stressors that predict adaptive outcomes in early 

childhood. However, the majority of these tasks offer limited ecological validity relative 

to the settings in which disruptive behavior problems typically occur (i.e., interpersonal 

interactions with parents and peers). Evaluations of RSA reactivity that have utilized 

dyadic play-based tasks (i.e., block building, puzzle building and cleanup) yield 

somewhat conflicting findings. In this work both greater RSA suppression and less RSA 

suppression have been linked to behavioral and social problems (Beauchaine et al., 2013; 

Calkins & Keane, 2004; Calkins et al., 2008; Graziano et al., 2012). As such, it remains 

unclear what signature of RSA reactivity is indicative of adaptive interpersonal 

behavioral functioning in young children.  Further, the relationship between RSA 

suppression during a most ecologically valid task specifically requiring child compliance 

with adult commands has yet to be evaluated in regard to the child’s behavioral 

compliance during the task, limiting our understanding of the function of RSA 

suppression during challenging interpersonal interactions and its influence on subsequent 
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child behavior. Further, inconsistencies in the relationship between RSA reactivity and 

behavioral outcomes across tasks requiring varied levels of interpersonal interaction point 

to the importance of considering interpersonal context when evaluating functional 

relationships between RSA reactivity and child behavior.  

The role of social context. Theoretical underpinnings of the influence of RSA on 

social functioning are grounded in Polyvagal Theory (Porges, 2007). This theory posits 

that regulation of vagal output and behaviors necessary for social engagement are linked 

via the social engagement system. Porges asserts that the social engagement system is 

comprised of several cranial nerves connected to the myelinated vagus nerve (i.e., cranial 

nerve X) that regulate the muscle movements of the face and head, and control social 

functions including eye contact and listening. Within this system, maintenance or 

increase of the vagal inhibition on heart rate—which results in maintained or slowed 

heart rate—is necessary to support social engagement behaviors such as eye contact and 

smiling (Porges, 2007).  Therefore, successful engagement in social tasks should 

theoretically be promoted by the maintenance of or increases in RSA from a resting 

baseline.  

When assessing RSA reactivity in young children, most tasks are delivered in an 

interpersonal context to provide developmentally appropriate supervision. Greater child 

RSA suppression has been linked to fewer behavior problems during challenging tasks, 

completed with assessors as well as parents (Blair, 2003; Calkins et al., 1997; Calkins, 

Graziano, & Keane, 2007; Graziano, Keane, & Calkins, 2007). However, effects in the 

opposite direction have also been observed (Beauchaine et al., 2013; Utendale et al., 
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2014). When child RSA is compared across tasks with different types of adults, it is 

found that children tend to engage in greater RSA suppression when completing a task 

with their mother versus with an assessor or independently (Calkins & Keane, 2004; 

Calkins Graziano, Berdan, Keane, & Degnan, 2008). This finding holds true among 

higher stress parent-child dyads but not among maltreating dyads, suggesting that the 

presence of a parent may not facilitate autonomic self-regulation in the most severely 

dysfunctional families (Calkins et al., 2008; Skowron, Cipriano-Essel, Gatzke-Kopp, 

Teti, & Ammerman, 2014). These findings have important implications for children with 

disruptive behavior problems. As these children are more likely to experience 

inconsistent and harsh parenting, their potential to autonomically benefit from parental 

presence when responding to a challenge could be impacted, and in turn differentially 

influence the expression of behavior problems in parent-child interactions relative to 

interactions with other adults (Harvey et al., 2011; Pfiffner et al., 2005; Rowe et al., 

2002).   

Evidence also suggests that children who engage in RSA suppression in the 

presence of an assessor not only utilize emotion regulation strategies (e.g., distracting 

one’s self and orienting towards the assessor to cope with a frustrating stimuli), but are 

also better able to utilize social support provided by the assessor (Calkins, 1997; Perry et 

al., 2012; Wolff, Wadsworth, Wilhelm, & Mauss, 2012). These findings suggest that 

RSA suppression in the presence of a non-parental adult is associated with better 

behavioral functioning as well as use of socially based coping.  However, it should be 

noted that the assessment methods used in these studies employed a range of various 
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tasks, including cognitive, frustration, interpersonal, and physical challenges.  

Importantly, an opposite pattern emerges when RSA reactivity is examined in 

more ecologically valid social interaction paradigms and in regard to the child’s social 

functioning. During play activities with parents and peers, less suppression of RSA has 

been linked to fewer externalizing behavior problems (Beauchaine et al., 2013; Hastings, 

Nuselovici et al., 2008). Similarly, lower RSA suppression is linked to elicitation of 

empathy and better social competence in clinical and at-risk children (Blair & Peters, 

2003; Calkins & Keane, 2004; Graziano & Derefinko, 2013).  

Though these findings support Polyvagal Theory’s proposed need for maintained 

RSA to promote social awareness and engagement, they are at odds with work linking 

limited RSA suppression to externalizing behavior problems, which typically occur 

within interpersonal contexts. Additionally, in community samples, more RSA 

suppression is linked to better social skills and social status (Graziano et al., 2007; 

Graziano & Derefinko, 2013).  These findings highlight the complexities of RSA 

reactivity in response to environmental challenges that occur within a social context. 

Though greater RSA suppression in many cases is associated with better behavioral 

regulation, social engagement during a child’s everyday activities (e.g., play) may be best 

supported via maintenance of RSA. Consequently, it remains unclear what pattern of 

autonomic self-regulation in response to social interaction challenges is most adaptive. 

Optimal autonomic regulation may vary across interpersonal tasks characterized by play 

versus interpersonal tasks requiring behavioral compliance from the child. 

Importantly, RSA reactivity has yet to be experimentally evaluated across 
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interpersonal contexts (e.g., parent versus other adult) within an ecologically valid 

paradigm.  Therefore, it has not been possible to determine whether variability in the 

direction and magnitude to the relationship between RSA reactivity and behavior 

problems are a result of varying task demands or social context.  

Taken together, these findings suggest that RSA suppression serves as a 

biological marker for behavioral self-regulation in response to environmental challenge. 

However, several important questions central to understanding the self-regulatory 

challenges of behavior problems in young children remain. First, the majority of 

assessment tasks used are lab-bound procedures lacking a social emphasis and 

administered by an evaluator. Consequently, they have limited ecological validity with 

regard to the contexts in which a large proportion of behavioral problems occur (i.e., 

following commands from parents or teachers). Second, the few evaluations that utilized 

more ecologically valid assessment procedures (e.g., toy cleanup and peer play; Calkins 

et al., 1998; Hastings, Nuselovici et al, 2008), have not evaluated child compliance with 

commands, preventing a direct examination of links between parasympathetic self-

regulation and actual child compliance, a core feature of disruptive behavior disorder 

pathology (Keenan & Wakschlag, 2004).  

Further, RSA suppression has consistently been measured from a resting baseline 

to task, confounding suppression scores with the effects of attentional deployment and 

increased motor demands of engaging in the social experimental task (Bush, Alkon, 

Obradovic, Stamperdahl, & Boyce, 2011). Therefore, the extent of RSA change uniquely 

associated with the stimuli in question—relative to co-occurring attentional and motor 
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demands—is obscured. When seeking to clarify the autonomic underpinnings of early 

childhood oppositionality and non-compliance, it is essential to specifically evaluate 

parasympathetic responses to adult commands to better understand how noncompliant 

children experience commands and the factors that drive their responses to commands. 

To most accurately assess these processes, commands must be delivered in ecologically 

valid paradigms (e.g., interactive play-task) that also control for the attentional and motor 

demands of the task. 

 Lastly, as no studies to date have systematically varied the social context of an 

assessment task, it remains unknown whether the function of RSA reactivity (suppression 

or maintenance) varies based on the adult with which children are interacting. To inform 

the autonomic underpinnings of behavior problems across contexts (with parents, 

teachers, and childcare providers) experimental manipulation of adult-type across a single 

interpersonal task is needed. Specifically, research is needed to assess RSA reactivity to 

adult-given commands, in which the effect of the adult command-giver can be isolated 

and evaluated in relation to child behavioral compliance to clarify factors driving 

behavioral inconsistencies across settings in behavior-disordered youth. 

RSA Reactivity and Parenting Interventions 

Autonomic self-regulation in young children is also influenced by the 

characteristics of the child’s social context, including parenting environment. In early 

childhood, children receiving non-supportive parenting experience delays in development 

of RSA suppression abilities and are more vulnerable to the effects of non-supportive 

parenting when they are only capable of engaging in low levels of RSA suppression 
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(Perry et al., 2012; Perry et al., 2013). Longitudinal investigations also reveal reciprocal 

relationships between parenting environment and RSA reactivity. Early hostile and high 

stress parent-child relationships predict decreases in children’s RSA suppression across 

childhood (Calkins et al., 2008; Hinnant et al., 2015). These findings suggest that lower 

RSA suppression can increase child vulnerability to the influences of negative parenting, 

and parenting environment can in turn impact the child’s parasympathetic regulatory 

capabilities. 

Given the role of RSA suppression in emotional and behavioral regulation in early 

childhood and the developmental influences of parenting environment, parasympathetic 

regulation may also play an important role in outcomes of interventions designed to 

address child behavioral problems through the modification of parent behavior. 

Behavioral parent training programs have shown considerable efficacy in the treatment of 

child behavior problems (Comer, Chow, Chan, Cooper-Vince, & Wilson, 2013), and one 

such well-supported treatment protocol is Parent-Child Interaction Therapy (PCIT).  

PCIT is an evidenced-based treatment for disruptive behavior problems in preschool aged 

children that aims to modify child behavior through coaching parents in the use of 

positive attending and effective parenting skills in order to reinforce appropriate child 

behavior and apply consistent discipline strategies for noncompliance (Eyberg et al., 

2001; Hood & Eyberg, 2003; Schuhmann, Foote, Eyberg, Boggs, & Algina, 1998).  

Although originally developed for use with preschool children with oppositional 

behavior, PCIT has been successfully adapted for use with a variety of new populations 

including premature children with behavioral problems (Bagner, Sheinkopf, Vohr, & 
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Lester, 2010).  

In the treatment of preschool behavioral problems, a small body of recent work 

has yielded inconsistent findings regarding the utility of resting RSA and RSA reactivity 

as predictors of treatment outcome (Bagner et al., 2012; Beauchaine et al., 2013; 

Graziano et al., 2012).  Among prematurely born children with behavior problems, lower 

resting RSA at baseline predicted a longer length of treatment that resulted in greater 

reductions in child behavior problems (Bagner et al., 2012). In this trial, child RSA 

suppression increases across treatment were associated with mother’s use of positive 

attention, suggesting that physiological processes underlying child behavioral 

dysregulation are sensitive to behavioral intervention (Graziano et al., 2012). However, in 

a behavioral parent training intervention (Incredible Years) targeting preschool ADHD, 

child resting RSA and RSA reactivity did not predict behavioral outcomes despite 

improvements in behavior and emotion regulation (Beuachaine et al., 2013). 

Though this work provides important insight into the roles of child RSA and 

parenting in the development of externalizing psychopathology, it remains unclear how 

child behavior problems relate to RSA reactivity in the specific context of command-

based interactions with adults. Indeed, child oppositionality and non-compliance 

following adult-given commands are central features of child disruptive behavior 

problems. Understanding children’s parasympathetic self-regulatory processes in the 

specific context of adult-given commands and expectations of compliance, and linking 

those processes with observed child compliance, is critical for elucidating biological 

mechanisms that may underlie early disruptive behavior problems to enhance targeting of 
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treatment methods. Moreover, given that patterns of oppositionality and noncompliance 

among youth with behavior problems vary considerably across settings (i.e., school vs. 

home), research examining the influence of interpersonal context on child autonomic 

self-regulation and behavioral compliance will clarify biological underpinnings of 

behavioral inconsistencies across settings and inform intervention design to enhance 

generalization of treatment effects across settings. The present study is an experimental 

evaluation examining associations between child parasympathetic self-regulation (resting 

RSA and RSA reactivity), child behavior problems, and patterns of child behavioral non-

compliance in the context of command-based interactions with children’s mothers and 

with non-parental adults.  

Hypotheses 

1. Children with disruptive behavior problems will demonstrate lower resting 

RSA. Disruptive behavior problems will be measured in two ways: 

dichotomously via diagnostic status and continuously. 

2. Children with disruptive behavior problems will show less RSA suppression 

during adult-led play tasks. Disruptive behavior problems will be measured in 

two ways: dichotomously via diagnostic status and continuously. 

3. Child compliance will be positively associated with child RSA suppression 

during adult-led play in all children.  

4. The relationships between child RSA suppression during adult-led play and 

child compliance will vary as a function of adult type (i.e., mother vs. staff). 
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Method  

Participants  

 The sample (NTotal=43) was comprised of children between the ages of 3-8 years 

(MAge=4.60; SD=1.47) with and without disruptive behavior disorders (NDBD=21; 

NControl=22). The DBD group included children (ages 3-8), with a diagnosis of ODD, CD, 

and/or DBD NOS, and their mothers.  These children were recruited from a university-

based child clinic specializing in the treatment of externalizing disorders in Miami, 

Florida.  Control children were recruited from community ads placed in the Greater 

Miami area and did not meet criteria for ODD, CD, and ADHD, or have a history of 

mental disorder. Children were excluded from study participation if they had a history of 

pervasive developmental disorder, a history of cardiac illness (because of the 

psychophysiological data collection), if they could not speak and understand English 

(because the interaction tasks were conducted in English), or if their mother was the 

under the age of 18 or could not read and speak English. The sample was predominantly 

male, Caucasian, and Hispanic. See Table 1 for demographic characteristics broken down 

by diagnostic group. 

Procedures  

 Diagnostic assessment. All mothers first completed the structured diagnostic 

parent interview. Children who met criteria for a diagnosis of ODD, CD or DBD NOS 

were included in the DBD group; children who did not meet diagnostic criteria for these 

disorders and had no history of mental disorder were included in the community control 

group.  Mothers were also sent questionnaires to complete at home. 
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Physiological assessment. Table 2 presents the sequence of assessment 

procedures completed by all participants during the lab visit. After applying the ECG and 

ICG electrodes the child was seated in a booster seat at the play table, the assessor left the 

room and conducted the assessment from a mirrored observation room, while the child, 

mother, and a female staff member remained in the assessment room throughout the 

entire assessment. Throughout the assessment the assessor unobtrusively provided 

instructions to both the mother and staff via bug-in-the-ear devices. The order in which 

the mother and staff participated in the child interaction tasks was counterbalanced to 

protect against order effects. When the mother or staff member were not actively 

participating in the current child-interaction task, she was instructed to remain seated at 

the other end of the room completing paperwork, but was allowed to respond naturally if 

the child addressed her directly, to limit the potential influence of child stress responses 

associated with active ignoring. 

The physiological assessment began with an assessment of resting RSA while the 

child watched a 3-minute cartoon (Spot the Dog) seated at the table with Adult 1 (i.e., 

mother or staff, depending on counterbalance ordering).  Children next completed 5 

minutes of child-directed interaction (CDI), during which the child remained seated at 

the table and was provided with markers and paper, building blocks, and a pair of Mr. 

Potato Heads. Adult 1 was instructed to follow the child’s lead in playing a game of the 

child’s choosing. Following this, children watched a second 3-minute cartoon (Spot the 

Dog) to serve as a physiological washout period to prevent carry over effects into the 

next play task. Then, children remained seated at the table and completed the adult-
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directed interaction (ADI) task with Adult 1. During this task all of the toys (i.e., markers 

and paper, building blocks, and a pair of Mr. Potato Heads) were put back on the table, 

and Adult 1 was instructed to tell the child that it was the adult’s turn to choose the game 

and then lead the child in a building activity to achieve a specified goal. Goals were 

matched to child age to be challenging yet developmentally appropriate. Adults 

interacting with 3-5 year-olds instructed children to build 3 different color towers and 

adults interacting with 6-8 year-olds were told to build a four-walled structure with color-

patterned walls.  

Following the completion of Adult 1-directed play, Adult 1 was seated away from 

the play table, while the child was joined at the play table by Adult 2 (i.e., mother or 

staff, depending on counterbalance ordering).  Adult 2 then repeated the same assessment 

steps completed by Adult 1, with modified goals for the adult-led play task (See Table 2, 

Steps 6-9). To protect against practice effects, Adult 2 was instructed to lead the child in 

achieving a drawing goal. Three to five year olds were instructed to draw a house, a 

yellow sun, and a green tree. Six to eight year olds were instructed to draw 4 houses, a 

yellow sun and 3 green trees. 

Upon completion of all adult-child play tasks, electrodes were removed from the 

child. The child was allowed to select a small toy to take home and the mother was given 

a $50 gift card for participation. 

Measures 

Child diagnostic status was assessed via a structured diagnostic interview with the 

child’s mother. For developmental compatibility, the structured diagnostic interview used 
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was matched to child age.  Children ages 3-5 were assessed with the Kiddie-Disruptive 

Behavior Disorders Schedule (K-DBDS; Keenan et al., 2007), a structured parent 

interview that evaluates the presence of ODD, CD, and ADHD in preschool-aged 

children.  The K-DBDS has been shown to be a reliable tool for the assessment of 

disruptive behavior disorders in preschool aged children (Bunte, Schoemaker, Hessen, 

Heijden, & Matthys, 2013).  Children ages 6-8 were assessed with the ODD, CD, and 

ADHD modules of the Diagnostic Interview Schedule for Children (DICS-IV), parent 

interview. The DISC-IV has shown strong reliability and validity in the assessment of 

externalizing disorders in children 6-17 (Shaffer, Fisher, Lucas, Dulcan, & Schwab-

Stone, 2000). 

Child behavior problems were assessed via mother-report on the Eyberg Child 

Behavior Inventory (ECBI; Eyberg & Pincus, 1990). The ECBI is a well-supported 36-

item parent-report questionnaire measuring the frequency of child behavior problems in 

young children. Internal consistency of the ECBI was strong in the present sample 

(Cronbach α=.978). Clinician-rated severity of child behavior problems was also 

measured via the Clinical Global Impression Scale-Severity (CGI-S; Guy, 1976), based 

on information obtained in the diagnostic interview. The CGI-S is a widely used generic 

measure of global clinical severity that reflects the clinician’s global impression of 

subject severity. Clinician’s rate global severity on a 7 point Likert scale ranging from 1, 

normal, not at all ill to 7, among the most extremely ill. 

Adult commands were coded during adult-child play tasks using the Dyadic 

Parent-child Interaction Coding System-4th Ed (DPICS-IV; Eyberg, Nelson, Ginn, 
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Bhuilyan, & Boggs, 2013). The DPICS-IV is a structured behavioral observation coding 

system, with strong psychometric properties, that is used to assess adult behaviors during 

parent-child interactions (i.e., commands, questions, and negative talk; labeled praise, 

reflections, and behavior descriptions) as well as child compliance in response to adult-

given commands. Adult commands are “statements directing the child to preform vocal 

or motor behaviors, as well as internal, unobservable actions (e.g., think, decide)” 

(Eyberg et al., 2013, p. 43). Commands were coded as direct (i.e., a declarative statement 

containing an order or direction that indicates the child is to preform the behavior) or 

indirect (i.e., a suggestion for a behavior to be preforms that is unclear if the child must 

preform the behavior). Three trained coders completed the DPICS-IV coding. Inter-rater 

reliability was established in the present sample on 20% of cases, indicating acceptable 

inter-rater agreement (71% agreement).    

Child behavioral compliance during the adult-child play tasks was also assessed 

via the DPICS-IV (Eyberg et al., 2013). As per the DPICS-IV guidelines, child 

compliance with each command was coded as comply (i.e., child performed, or 

reasonably attempted to perform, the prompted behavior within 5 seconds of the stated 

command), non-comply (i.e., child did not perform, or reasonably attempt to perform, the 

prompted behavior within 5 seconds), or no opportunity to comply (the child did not have 

the opportunity to comply with the command because another interfering command was 

given immediately following the command). To afford a standardized measure of 

compliance across youth that accounted for differences in commands given during 

various interactions, a compliance ratio was generated by dividing the number of given 
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commands with which the child complied by the total number of given commands with 

which the child had an opportunity to comply. In accordance with gold standard child 

compliance rates within the behavioral parent training literature that require child 

compliance with 75% of parental commands for treatment graduation, children were 

rated within each adult-led interaction dichotomously as either compliant (> 75% 

compliance) or non-compliant (<75% compliance). 

Parasympathetic influences were measured with Mindware Technologies 

psychophysiological recording equipment (Mindware Technologies, Ltd., Gahanna OH). 

Electrocardiogram (ECG) and impedance cardiography (ICG) were recorded 

continuously throughout the adult-child interaction procedures (See Table 2) and the R-R 

series was sampled at a rate of 1,000 Hz. ECG electrodes were placed on the child in a 

modified Lead II configuration (i.e., right clavicle, left lower torso, right lower torso). For 

impedance cardiography (ICG), the two voltage electrodes were placed on the child’s 

chest one below and to the right of the suprasternal notch and one below the xiphoid 

process, while the current electrodes were placed on the child’s back approximately 1 

inch outside of the voltage electrodes (see Figure 1). This electrode configuration allows 

the child to move all limbs during play, while also minimizing artifacts due to muscle 

movement and speech. A respiration signal was derived from ICG.  

RSA was calculated from the high frequency component (>0.15Hz) of the R-R 

time series in 60-second epochs using spectral analysis implemented in Mindware Heart 

Rate Variability Software V.3.1.0F (Mindware Technologies, 2014). Using the HRV 

software, ECG signals were visually inspected and artifacts were removed. Based on 
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evidence suggesting that controlling for respiration rate is necessary in order for RSA to 

represent a measure of purely parasympathetic cardiac control (Grossman, Karemaker, & 

Wieling, 1991; Grossman & Taylor, 2007), the high frequency band was set over the 

respiration band of 0.24 to 1.040Hz to account for respiration in young children (Calkins 

et al., 2008; Musser al., 2013). 

Physiological Measures Derived 

 PNS cardiac influences were indexed via children’s resting baseline RSA, and by 

RSA reactivity during command-based interactions with mothers and staff.  Resting RSA 

[RSAR] was measured twice: once while watching a neutral 3-minute video with their 

mother [RSAR(M)] and once while watching a neutral 3-minute video with the female staff 

member [RSAR(S)]. Although the attentional deployment required to attend to a video 

does impact RSA values, resting RSA in early childhood is typically assessed while the 

child is sitting quietly watching a calm movie or listening to a story, as such methods are 

necessary to limit stress, movement, and speech for a several minute period in young 

children (Bagner et al., 2012; Blair & Peters, 2003; Calkins & Keane, 2004). Active RSA 

baselines [RSAB] were measured twice: once during the 5-minute period of child-directed 

play completed with the child’s mother [RSAB(M)], and once with the female staff 

member [RSAB(S)]. Lastly, RSA was also measured across two 5 minute periods of 

command-based play: one in which mothers directed the child in play [RSAC(M)] and one 

in which a female staff member directed the child in play [RSAC(S)]. During resting, play 

baselines, and command-based tasks, RSA values were calculated for 60-second epochs, 

and values were average across epochs to obtain mean RSA scores for the task.   
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RSA suppression can be calculated by either subtracting the child’s baseline RSA 

from RSA obtained during a challenge task, or by statistically controlling for baseline 

RSA. Although resting RSA values often serve as baseline values in such analyses, recent 

recommendations point to the use of active baselines that are matched to experimental 

task for motor and cognitive demands, to more effectively isolate vagal regulatory actions 

linked to the stimulus of investigation (Bush et al., 2011). 

For the present study, RSA reactivity scores were obtained by co-varying RSAB 

in the prediction of RSAC in analyses. As such, RSA reactivity [RSAReactivty] scores 

represent mean RSA during command-based tasks controlling for mean RSA during 

child-led play tasks (RSAB). RSAB scores were used as the baseline measures of RSA, 

rather than RSAR, to control for physical and attentional demands of adult-child play that 

can influence RSA scores, affording a more conservative measure of RSA reactivity 

specific to command-based interactions and not simply adult-child play in general (Bush 

et al., 2011). 

Data Analysis 

First DBD and community youth were compared on demographic group 

differences using Chi Square and T-tests. Prior to beginning parametric analyses, all 

continuous variables were also examined for normality of residuals. Those violating the 

assumptions of normality were log10-transformed. Next repeated measures ANOVA was 

used to test the change in command frequency from CDI to ADI to confirm experimental 

manipulation of command frequency during adult-directed play. Additionally, the 

counterbalancing of the order of adult-type in play (i.e., mother vs. staff) was examined 
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in relation to child diagnostic status and sex using Chi Square tests. Differences in RSAR 

and RSAC associated with diagnostic status were then evaluated using ANCOVA 

controlling for child age.  

Following diagnostic group comparisons, both groups were pooled into one 

sample to examine relationships when considering disruptive behavior problems 

dimensionally across youth. Specifically, relationships between RSAR and continuous 

measures of disruptive behavior problems and child behavioral compliance were 

evaluated, as well as partial correlations between RSAC and continuous measures of 

disruptive behavior problems and child behavioral compliance that controlled for RSAB 

in order to assess links with RSAReactivity. Child age and sex were also evaluated as 

potential moderators of relationships via multiple regression. Bias-corrected bootstrapped 

95% confidence intervals with 1,000 bootstrapped samples were generated to assess 

significance of interaction effects. Significant interactions with child sex were followed 

up by comparing simple slope conditional effects between boys and girls. Significant 

interactions with child age were followed up by comparing simple slope conditional 

effects between youth 1 SD above the sample mean age (i.e., youth age 6) and youth 1 

SD below the sample mean age (i.e., youth age 3). 

Results 

Preliminary Analyses 

 All continuous measures to be used in parametric analyses were first evaluated for 

outliers and normality. All RSA data fell within the expected range and were found to 

have normal distributions of residuals (Bar-Haim, Marshall & Fox, 2000; Byrne, Fleg, 
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Vaitkevicius, Wright, & Porges, 1996; see Table 3).  Both continuous measures of child 

behavior problems, ECBI and CGI-S, were found to have non-normal distributions of 

residuals and were therefore log10 transformed. Parametric analyses including the ECBI 

and CGI-S were conducted once with log-transformed values and again with the original 

values. As all tests yielded identical findings in regard to significance, analyses using 

non-transformed values are reported to enhance interpretability.   

Overall, the sample was predominantly male. Regarding ethnicity most youth 

were Hispanic, and regarding race most youth were Caucasian (see Table 1). Chi Square 

and T-tests were used to evaluate diagnostic group differences in categorical and 

continuous variables, respectively. There were no differences between diagnostic groups 

in child race, ethnicity, sex, or family financial means (i.e., annual income/number of 

dependents). Children with DBDs were on average slightly younger (1.09 years) than 

control children. Accordingly, all analyses comparing diagnostic groups included child 

age as a covariate. Additionally, the order of adult-type in play (i.e., mother vs. staff) was 

successfully counterbalanced within diagnostic groups (χ2=.020, p=.887). The order in 

which adults completed play with children was found to vary in relation to child sex, such 

that, 63% of boys vs. 27% of girls completed play tasks with a staff member first 

(χ2=4.083, p=.043). 

Manipulation Check  

 Changes in command frequency from child-directed (CDI) to adult-directed 

(ADI) interactions were evaluated to confirm that adult command use significantly 

increased from CDI to ADI (see Table 4 for means and standard deviations).  Across the 
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full sample, repeated measures ANOVA revealed a significant increase in maternal 

commands from CDI to ADI (F(1,37)=56.94, p<.000), with an average increase of 10.8 

maternal commands during mother ADI. Repeated measures ANOVA also revealed a 

significant increase in staff-given commands from CDI to ADI (F(1,37)=52.24, p<.000), 

with an average increase of 10.3 staff-given commands during staff ADI. Findings 

indicate a successful experimental manipulation, with ADI indeed showing significantly 

greater numbers of adult commands given to children.  

Parasympathetic Influences and Diagnostic Status 

 Diagnostic group differences in RSAR were evaluated with ANCOVA, controlling 

for child age. Children diagnosed with a DBD did not significantly differ from control 

children with regard to their resting RSA in the presence of their mother (RSAR(M)) or the 

staff member (RSAR(S); see Table 5). RSAReactivity(M) and RSAReactivity(S) also did not differ 

as a function of child diagnostic status (see Table 5).  

As dichotomous diagnostic conceptualization failed to capture the continuum of 

severity within which behavioral problems naturally occur, all further analyses evaluated 

relationships between continuous measures of child behavioral problems and 

parasympathetic influences across the full sample (N=43).  

Parasympathetic Influences and Child Behavior Problems   

Bivariate correlations between study variables and RSAR were used to evaluate 

relationships between severity of child behavior problems and resting RSA. RSAR(M) was 

not correlated with child behavior problems (ECBI or CGI-S) or child compliance with 

mother-given commands (see Table 6). RSAR(S) was not correlated with child behavior 
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problems (ECBI or CGI-S) or child compliance with staff-given commands (see Table 6).  

Partial correlations between study variables and RSAC, controlling for RSAB were 

used to evaluate relationships between severity of child behavior problems and RSA 

reactivity to command-based play (RSAReactivity). When interpreting correlation effects, 

lower RSAReactivity values represent greater suppression of RSA in response to command-

based play and higher ECBI values representing greater behavior problems. 

RSAReactivity(M) was positively correlated with ECBI score, while RSAReactivity(S) was 

negatively correlated with ECBI score. That is, more severe behavioral problems were 

associated with less RSA suppression in the context of maternal commands, but with 

greater RSA suppression in the context of staff commands. Both associations reflected 

medium-sized effects (see Table 6).  In contrast, clinician-rated severity of behavior 

problems (as measured via the CGI-S) was not significantly correlated with RSAC during 

mother- or staff-led play after controlling for RSAB.  

Greater child RSAReactivity(M) was positively correlated with observed child 

compliance with mother’s commands. This association reflected a medium-sized effect 

(see Table 6).  Child RSAReactivity(S) was not correlated with staff command compliance 

(see Table 6).  

Examining the Moderating Roles of Child Age and Sex 

Further analyses examined the extent to which child age and sex moderated 

relationships between RSAReactivity and behavior problems (RSAC values were entered as 

the independent variable, with RSAB variables entered as covariates).  All variables were 

mean centered before generating interaction terms. The relationship between child 
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RSAReactivity(M) and behavior problems (i.e., ECBI) was not moderated by child age or sex. 

In contrast, the relationship between RSAReactivity(S) and behavior problems was moderated 

by child sex, but not child age (see Table 7). An evaluation of simple slope conditional 

effects revealed that in the context of staff commands, the association between 

RSAReactivity and behavior problems was significant among boys (β=-62.554, t=-3.866, 

p<.000) but not girls (β=-24.314, t=-1.447, p=.156; see Figure 2). Neither child age nor 

child sex moderated associations between RSAReactivity and clinician-rated symptom 

severity (i.e., CGI-S) (see Table 8).  

Child age moderated the link between RSAReactivity(M) and child compliance with 

mother-given commands (see Table 9). Specifically, the effect of RSAReactivity(M) on child 

compliance was significant among younger children (β=-5.005, z=-2.922, p=.004), but 

not older children  (β=-1.020, z=-.705, p=.481; see Figure 3). In contrast, child age and 

sex did not moderate an association between RSAReactivity(S) and compliance with staff-

given commands. 

Discussion 

The present findings add to a growing body of research examining 

parasympathetic influences that may underlie child behavioral self-regulation and 

maladaptation (Beauchaine, 2001; Graziano, & Derefinko, 2013; Calkins & Keane, 2004; 

Miller et al., 2013; Musser et al., 2013) by clarifying the role of interpersonal context in 

determining key relationships between child RSA reactivity, behavior problems, and 

noncompliance in response to adult commands.  Children participated in an experimental 

paradigm in which the specific adult giving them commands was systematically varied 
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from their mother to a female staff member while cardiac data were collected. Findings 

revealed that the relationship between RSA reactivity and child behavior problems indeed 

varies by interpersonal context.  Specifically, less child RSA suppression in the context 

of mothers’ commands was associated with more severe child behavioral problems and 

poorer in-task compliance. In contrast, greater child RSA suppression in the context of 

female staff-members’ commands was associated with more severe behavior problems, 

particularly among boys.  

These findings underscore the importance of interpersonal context in determining 

the relationship between child autonomic self-regulation and behavioral functioning. The 

present finding that less RSA suppression specifically in response to maternal commands 

is associated with more severe child behavior problems is consistent with previous work 

linking less RSA suppression during challenging tasks to higher levels of externalizing 

child psychopathology (Blair, 2003; Calkins, Graziano, & Keane, 2007; Graziano & 

Derefinko, 2013; Perry et al., 2012). Whereas these previous studies examined child RSA 

suppression in the context of frustrating and challenging tasks, the present study was 

novel in its specific manipulation of mother commands during play as the challenge 

task—while also controlling for the cognitive and motor demands of play—and thus 

speaks directly to problems of family-based oppositionality and non-compliance that are 

commonly at the center of clinical presentations among children with behavior problems 

referred for treatment (Keenan & Wakschlag, 2004). Accordingly, the present study was 

able to go beyond previous work in the area by directly linking parasympathetic self-

regulation during maternal commands with actual child compliance with those very same 
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commands and found that less RSA suppression during mother-given commands was 

associated with reduced in-task compliance. This finding suggests that RSA suppression 

specifically in response to mother-given commands may be a biomarker of adaptive 

behavioral regulation. Further, RSA suppression in response to maternal commands also 

demonstrated a small but non-significant correlation with child compliance to staff-given 

commands. Indeed, RSA suppression in response to maternal commands could 

potentially be indicative of better behavioral regulation across other contexts as well, but 

this hypothesis warrants further investigation in a larger sample.  

When the interpersonal context of the command-based task was manipulated such 

that staff members gave commands to children rather than mothers, the relationship 

between RSA suppression and child behavior problems reversed, particularly for boys.  

Importantly, these divergent patterns of RSA suppression were not simply due to 

ordering effects within the experimental procedure, as the ordering of mother-led vs. 

staff-led play was counter balanced across participants. This finding diverges from 

previous work demonstrating that RSA suppression during challenging assessor-

administered tasks negatively correlates with externalizing symptom severity (Blair, 

2003; Calkins, 1997; Calkins et al., 1998; Calkins et al., 2007; Perry et al., 2012), 

although the challenge tasks in these studies (e.g., cognitive challenges, frustration 

challenges) did not specifically entail assessors giving ongoing commands with which 

children were expected to comply, and these tasks did not require as much social 

engagement with the assessor from the child. Interestingly, the present finding that 

greater child RSA suppression in response to staff-given commands was associated with 
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more severe behavior problems (particularly among boys) is consistent with patterns of 

RSA suppression that predict adaptive social functioning in clinical and at-risk children 

(Beauchaine et al., 2013; Graziano & Derefinko, 2013).  

This finding is also consistent with the adaptive RSA response to social demands 

described in Polyvagal Theory (Porges, 2007). Porges asserts that the social engagement 

system links activity of the myelinated vagus nerve to regulation of muscle movements in 

the face and head (e.g., eye contact, smiling) that facilitate social communication. 

Therefore, the promotion of social engagement behaviors occurs during a calmer visceral 

state resulting from maintenance of the vagal break (i.e., less RSA suppression). It is 

possible that receiving commands from a non-parental adult increases the social salience 

of a task, which in turn results in less RSA suppression in order to support adaptive basic 

social functions. However, as interacting with one’s parent similarly demands 

engagement in eye-contact and active listening, it remains unclear why demands on of the 

“social engagement system” would vary when interacting with parents versus other adults.  

Another possible interpretation of this finding is that receiving commands from a 

non-parental adult does increase the social salience of a task, and in turn influences how 

children experience the task based on their behavioral history. Given the interpersonal 

context in which oppositional behavior occurs and social impairments experienced by 

behavior disordered youth (Keenan & Wakschlag, 2004; Ezpeleta et al., 2001), children 

with behavior problems may experience command-based play with a new adult as a 

serious challenge, whereas children without a history of behavior problems may 

experience such play as an opportunity for social engagement. Therefore, greater RSA 
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suppression when receiving commands from another adult may represent an over 

activation of the “fight or flight” response that results from interpretation of command-

based play with staff as more challenging among children with more severe behavioral 

problems. Such an over suppression of RSA is consistent with RSA reactivity observed in 

aggressive children in response to anger and challenging play (Beauchaine et al., 2013; 

Gatzke-Kopp et al., 2015).  

As the first study to experimentally manipulate adult type across an adult-child 

interaction task, findings reveal how the interpersonal context in which adult commands 

are given impacts how different children experience and respond to those commands and 

what patterns of autonomic self-regulation underlie adaptive child functioning. Further, 

although other studies have evaluated RSA reactivity during adult-child problem-solving 

and cleanup tasks (Beauchaine et al., 2013; Calkins & Dedmon, 2000; Calkins & Keane, 

2004; Graziano et al., 2012), RSA reactivity in these studies has been measured as 

change in RSA from a resting baseline to the adult-child problem-solving or cleanup task. 

Given that RSA suppression also results from increased attention and motor demands 

(Byrne et al., 1996; Graziano & Derefinko, 2013), past work utilizing resting baselines 

for computing RSA suppression is unable to distinguish the extent to which RSA 

suppression is associated specifically with receiving adult commands versus with the 

increased attention and motor demands that accompany those tasks. By evaluating RSA 

reactivity as change in RSA from an activity-matched baseline (i.e., child-led play), the 

effects of the motor and attentional demands of play were controlled for, allowing for 

RSA changes to be attributed solely to the influence of adult-given commands.  
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 Child sex and age were also explored as moderators of behavioral outcomes to 

better clarify for whom parasympathetic self-regulatory processes most strongly 

influence functional outcomes. In the context of staff-given commands, child sex 

emerged as a moderator of the association between RSA suppression and behavior 

problem severity. Specifically, the relationship between RSA suppression in response to 

staff-given commands and child behavior problems was significant among boys, such 

that boys show more severe behavior problems with greater RSA suppression. While this 

effect was not significant for girls, it is important to note that the effect for girls was 

smaller and in the same direction. This suggests a similar yet smaller effect that may have 

reached significance in a larger sample. Consistent with this finding, previous work has 

found that sex moderates the relationship between resting RSA, RSA reactivity, and 

vulnerability to adversity (Beauchaine, Hong, & Marsh, 2008; El-Sheikh, 2005; Hinnant 

et al., 2015; McLaughlin, Rith-Najarian, Dirks, & Sheridan, 2015). While meta-analytic 

findings have not found sex to moderate links between RSA reactivity and functional 

outcomes in early childhood (Graziano & Derefinko, 2013), the present findings suggest 

that boys’ behavior may be particularly vulnerable to parasympathetic self-regulatory 

processes in the specific context of non-parental adult commands.  As RSA reactivity is 

susceptible to behavioral intervention (Graziano et al., 2012; Hinnant et al., 2015), the 

observed moderation effect for sex could potentially be due to gender-based socialization 

of girls towards more compliant behavior relative to boys (Chaplin, Cole, & Zahn-

Waxler, 2005). However, the sex differences observed must be interpreted with caution, 

due to the relationship between male status and more severe behavior problems observed 
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in this sample. Additionally, as boys completed play with a staff member first more often 

than girls, it is possible that this stronger effect could be due to order effects of adult-

type.   

Child age also emerged as a moderator of the relationship between child RSA 

suppression and compliance with mother-given commands, such that this relationship 

was stronger for younger children, and non-significant for the oldest children. Younger 

children’s (4 and younger) in-task compliance was associated with greater RSA 

suppression, whereas this was not true for the oldest children (6 and older). It should be 

noted that the effect for older children was in the same direction, but smaller in 

magnitude and non-significant. While decreases in RSA suppression with child age have 

been found in one longitudinal evaluation (Calkins & Keane, 2004), this is not found 

consistently (El-Sheikh, 2005). Further, age was not correlated with RSA suppression in 

the present sample. These findings speak to the enhanced utility of RSA suppression as a 

biomarker of non-compliance early in the preschool years.  

These findings have important implications for the use of RSA suppression as a 

biomarker of early childhood oppositionality. First, these findings support the use of 

assessment methods that evaluate child RSA reactivity in ecologically valid tasks with 

parents. Using such a method may allow for the identification of young children whose 

autonomic self-regulatory processes place them at heightened risk to engage in more 

severe forms of oppositional behavior and noncompliance, while also controlling for the 

influence of other emotional states (e.g., anxiety in response to an unfamiliar adult), that 

could obscure the RSA signature in children at-risk for problems.   
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The use of RSA reactivity to parental commands as a biomarker may also enable 

early identification of children who are biologically engaging in ineffective emotion 

regulation in interactions with their own parents, and could therefore benefit from 

interventions targeting those ineffective parent-child interactions (e.g., PCIT; Eyberg et 

al., 2001). Additionally, current treatments for early childhood disruptive behavior could 

potentially be enhanced by the inclusion or expansion of components that target 

underlying parasympathetic dysregulation. Treatments built upon behavioral 

reinforcement principals (e.g., PCIT, Incredible Years, Helping the Noncompliant Child, 

and the Triple-Positive Parenting Program; see Comer et al., 2013; Eyberg et al., 2001; 

Forehand & McMahon, 2005; Sanders, Kirby, Tellegen, & Day, 2014; Webster Stratton, 

2005), target parental reinforcement of compliance with parental commands, and may 

reinforce successful self-regulation at a parasympathetic level. However, parent training 

programs could be enhanced by the inclusion of emotional regulatory skills training for 

young children with disruptive behavior disorders who show limited RSA suppression in 

response to parental commands, to prime children for use of self-regulatory skills and 

create opportunities for behavioral reinforcement of skill use (e.g., Carpenter, Puliafico, 

Kurtz, Pincus, & Comer, 2014; Chronis-Tuscano et al., 2014; Luby, Lenze, & Tillman, 

2012). Additionally, biofeedback targeting RSA has shown promise as an adjunctive 

treatment for psychopathology in adulthood, and could potentially be a useful therapeutic 

adjunct, when developmentally adapted for young children (Patron et al., 2013; Zucker, 

Samuelson, Muench, Greenberg, & Gevirtz, 2009).  

The non-significant findings of the present study may also have important 
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implications for the assessment and classification of disruptive behavior in early 

childhood. Two metrics of behavior problems that were found to be unrelated to child 

resting RSA and RSA reactivity were clinician-rated symptom severity and child 

diagnostic status. In this study, global severity ratings were made after diagnostic 

interviews, and were thus filtered through parent-report of disruptive behavior symptoms 

and associated interference. As such, parental perception and report of behavioral 

symptoms could have potentially been influenced by stressors external to the child’s 

behavior, such as parent psychopathology (Chi and Hinshaw, 2002; Briggs-Gowan, 

Carter, Schwab-Stone, 1996). Consequently, parent report, or omission, of symptoms 

during the interview may have resulted in potentially inflated or underestimated CGI 

ratings. This may be particularly relevant in a sample including both community and 

treatment-seeking families. Frequency ratings of objective behaviors and observational 

measurement of compliance are less vulnerable to this bias, and in this study those 

measures were in fact linked to child RSA.    

Diagnostic classification (i.e., clinical vs. control) was also found to be unrelated 

to all child RSA measures, while continuous ratings of problematic behavior were 

significantly linked with underlying biological processes. This discrepancy provides 

further support for the use of continuous measurement when assessing biological 

mechanisms that may underlie psychopathology. The use of dichotomous categorical 

classification is a widely debated topic, due to the abundance of empirical support for the 

dimensional classification of psychopathology and the utility of such an approach when 

seeking to identify biological markers of emotional processes (Brown & Barlow, 2009; 
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Carragher, Krueger, Eaton, & Slade, 2015; Insel, 2014; Witkiewitz, et al., 2013). As 

clinical diagnoses were unrelated to child RSA, the findings of this study provide further 

support for the utility of a dimensional classification approach to psychopathology and its 

underlying biological influences beginning in early childhood.  

When considering the implications of these findings, one must also remain aware 

of several important study limitations. The present sample size limited the analytic plan. 

Although the sample was sufficiently powered to detect moderately sized relationships, 

small effects did not reach significance. Further, a sample of this size did not allow for 

more complex and nonlinear modeling of parasympathetic processes. Additionally, 

despite 70% of the children in the sample being Hispanic, there was limited variability 

with regard to child race. Though findings provide insight into early childhood behavioral 

regulation in a traditionally understudied ethnic group, the generalizability of the present 

findings to other racial and ethnic groups is limited. Lastly, the analytic approach to RSA 

reactivity applied in this study captures only overall changes in RSA from baseline to 

task, without taking into account the rate and shape of RSA change during command-

based play. Non-linear trajectories of RSA change during anger and fear eliciting tasks 

have been found to differentially inform links to externalizing and internalizing problems 

(Brooker & Buss, 2010; Miller et al., 2013). Consequently, the shape of RSA change may 

be particularly relevant to fully understanding adaptive patterns of RSA reactivity 

enabling both management of frustration and anxiety in interpersonal command-based 

interactions with non-parent adults. Future work would also do well to longitudinally 

evaluate RSA reactivity and externalizing symptom trajectories across childhood, with 
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specific regard to the identification of biomarkers for the maintenance of externalizing 

problems and the development of depressive problems found among oppositional youth 

(Drabick & Gadow, 2012; Rowe, Costello, Angold, Copeland, & Maughan, 2010; 

Stringaris & Goodman, 2009).    

 Taken together, these findings advance the understanding of the autonomic self-

regulatory deficits associated with child disruptive behavior problems by demonstrating a 

moderate link between child RSA suppression and non-compliance with parental 

commands, a core difficulty among children with behavior problems referred for 

treatment.  Further, this work advances the field by demonstrating that the functional 

association between RSA suppression and behavioral compliance is socially influenced. 

This work informs the use of preschool RSA reactivity as a biomarker for the early 

identification of disruptive behavior problems, and clarifies the biological underpinnings 

of behavioral deregulation across contexts to inform treatment. 
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Table 1.  

 
Demographic characteristics across participants 
  

Demographic variable 
Total Sample 

Diagnostic Group 
DBD Community 

Control 
t M(SD) M(SD) M(SD)  

Age 4.60 (1.47) 4.05 (1.32) 5.14(1.42) 2.595* 
Financial meansa, $ 23,369 

(15,162) 
18,610 

(11,102) 
27,448  

(17,151) 
1.874 

 
 % N (%) N (%) χ2 
Sex    2.751 

Male 74 86 64  
Female 26 14 36  

Race    1.339 
   Caucasian 81 86 77  
   African-American 7 5 9  
   Asian-American 2 0 5  
   Other 9 10 9  
Ethnicity    2.434 
   Hispanic 70 81 59  
   Non-Hispanic 30 19 41  

Note: DBD= Disruptive behavior disorders 
a Annual household income, divided by number of dependents 
*=p<.05 
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Table 2.  
 
Study assessment procedures 
 

Step Procedures Completed 

1 Equipment  
Set-up 

• Children equipped with Mindware physiological 
recording equipment: 

o 3 ECG chest electrodes  
o 4 ICG chest and back electrodes 

• Child’s mother remained in room 
2 

 
Resting RSA 
with Adult 1 
(Cartoon)  

• Physiological acquisition begins 
• Child sat with Adult 1 and watched 3-minute cartoon 

of “Spot the Dog”  
3 
 

Child-directed 
play with Adult 1  
(Adult 1 CDI) 

• Child completed 5-minute child-led play task with 
Adult 1 while seated at a table.  

• Child given 3 toys for play: markers & paper, blocks, 
and Mr. Potato Head 

• The play task was video recoded and later coded in 
accordance with the DPCIS-IV coding system 

4 
 

Washout 
(Cartoon) 

• Child sat with Adult 1 and watched new 3-minute 
cartoon of “Spot the Dog” 

5 Adult 1 ADI 
(Adult-directed 
play with child) 
 

• Child remained seated at table with markers & paper, 
blocks, and Mr. Potato Head 

• Child completed a 5-minute tower building task with 
Adult 1 while seated at a table.  

o Ages 3-5: build 3 towers each with a different 
color of blocks 

o Ages 6-8: Build a structure with 4 walls, with 
each wall containing a pattern of alternating 
colors  

• The play task was video recoded and later coded in 
accordance with the DPCIS-IV coding system.   

6 Resting RSA 
with Adult 2 
(Cartoon)  

• Child sat with Adult 2 and watched new 3-minute 
cartoon of “Spot the Dog” 

7 Adult 2 CDI 
(Child-directed 
play with Adult 
2)  

• Child completed 5-minute child-led play task with 
Adult 2 while seated at a table.  

• Child given 3 toys for play: markers & paper, blocks, 
and Mr. Potato Head 

• The play task was video recoded and later coded in 
accordance with the DPCIS-IV coding system 
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8 Washout 
(Cartoon)  

• Child sat with Adult 2 and watched new 3-minute 
cartoon of “Spot the Dog” 

9 Adult 2 ADI 
(Adult-directed 
play with Adult 
2)  

• Child remained seated at table with markers & paper, 
blocks, and Mr. Potato Head 

• Child completed a 5-minute drawing task with Adult 2 
while seated at a table.  

o Ages 3-5: Draw a house, yellow sun and green 
tree 

o Ages 6-8: Draw 4 houses, a yellow sun, and 3 
green trees 

• The play task was video recoded and later coded in 
accordance with the DPCIS-IV coding system.   

• Physiological acquisition ended after play complete 
10 Equipment 

Removal 
• All electrodes were removed from child. 

11 Prize Selection 
 

• Child selected a small prize 
• Mother was given gift card 

   Note: The order of play tasks completed with the mother and staff were 
             counterbalanced.   
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Table 3.  
 
Descriptive statistics for respiratory sinus arrhythmia (RSA) and child behavior problems 
 
 
 
Variable % 

 
M 

 
SD 

Range 
Kolmogorov-

Smirnov test of 
normality Min Max 

Mother Present       
RSAR(M) - 6.931 1.092 3.68 8.76 .100 
RSAB(M) - 6.206 1.030 3.64 8.21 .057 
RSAC(M) - 6.203 .911 3.93 7.98 .096 
75% Compliance 50 - - - - - 

Staff Present       
RSAR(S) - 7.030 1.142 3.49 9.13 .086 
RSAB(S) - 6.168 1.117 3.19 8.56 .072 
RSAC(S) - 6.205 1.067 3.98 8.21 .080 
75% Compliance 35 - - - - - 

ECBI - 105.634 55.110 39.00 234.00 .160* 
CGI-S - 3.209 1.753 1.00 6.00 .220*** 

Note: RSAR(M)= Resting RSA with mother; RSAB(M)= RSA during active baseline of 
child-directed interactions with mother; RSAC(M)= RSA during command-based 
interactions with mother; RSAR(S)= Resting RSA with staff; RSAB(S)= RSA during active 
baseline of child-directed interactions with staff; RSAC(S)= RSA during command-based 
interactions with staff; ECBI = Eyberg Child Behavior Inventory; CGI-S= Clinical 
Global Impressions -Severity 
*=p<.05, **=p<.01, ***=p<.001 
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Table 4.  
 
Command frequency across play conditions 
  

 CDI 
M(SD) 

ADI 
M(SD) 

DBD   
   Mother  9.55(1.22) 23.75(2.69) 
   Staff 6.50(1.10) 19.60(2.26) 
Non-Clinical   
   Mother  6.11(1.26) 13.32(2.76) 
   Staff 4.68(1.13) 11.79(2.32) 
Total Sample   
   Mother 7.87(5.68) 18.63(12.81) 
   Staff 5.46(4.87) 15.79(10.73) 

Note: DBD=Disruptive Behavior Disorder, CDI=Child-directed interaction, ADI=Adult-
directed interaction  
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Table 5.   
 
Respiratory sinus arrhythmia (RSA) across diagnostic groups 
 
Variable DBD 

M(SE) 
Control 
M(SE) 

df F p 

RSA Resting       
      RSAR(M) 7.007(.242) a 6.858(.236) 1,40 .180 .673 
      RSAR(S) 7.030(.260) a 7.030(.253) 1,40 .000 1.00 
RSA Reactivity      
      RSAReactivity(M) 6.322(.093) b 6.084(.093) 1,38 3.071 .088 
      RSAReactivity(S) 6.136(.103) c 6.272(.100) 1,39 .836 .366 

Note: a Mean value controlling for child age, bMean value controlling for RSAB(M) and 
child age, cMean value controlling for RSAB(S) and child age 
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Table 6.  
 
Associations across study variables 
 

Note: RSAReactivity(M) values were obtained by controlling RSAB(M)
 and RSAReactivity(S) values were obtained by controlling for 

RSAB(S). Compliance refers to compliance with 75% of commands given during a 5-minute adult-directed interaction 
*=p<.05, **=p<.01, ***=p<.001  

 1 2  3 4 5 6 7 8 9 
1.  RSAReactivity(M) -         

2.  RSAReactivity(S) .038 -        

3.  RSAR(M) 
 

.239 .390* -       

4.  RSA R(S) 
 

.401** .252 .858*** -      

5.  ECBI 
 

.321* -.408** -.181 -.275 -     

6.  CGI-S 
 

.211 -.274 -.027 -.124 .868*** -    

7.  Compliance with 
      mother commands 

-.410* .145 .077 -.103 -.370* -.319 -   

8.  Compliance with 
     staff commands 

-.193 .097 .378* .270 -.131 -.128 .141 -  

9.  Age 
 

.171 .371* .297 .218 -.350* -.375* .091 -.027 - 

10. Sex 
 

-.068 -.056 .031 .121 -.342* -.317* .058 .189 -.134 
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Table 7.  
 
Details of tests of child age and sex as moderators of associations between 
parasympathetic reactivity and mother-rated child behavior problems  
 
Predictor Proposed 

Moderator 
Coefficient SE 95% Confidence Intervala 

   Lower 
Limit 

Upper 
Limit 

RSA Reactivity(M)
b Age -4.252 7.220 -18.909     10.405 

 
 

Sex 19.569 19.467 -19.951 59.090 

RSA Reactivity(S)
c Age -3.431 6.198 -16.002 9.141 

 Sex 38.239** 13.184 11.502 64.977 
Note: a Bias corrected bootstrapped confidence interval with 1,000 bootstrapped samples,  
b RSA Reactivity(M) controls for RSAB(M) 
cRSA Reactivity(S) controls for RSAB(S) 
*=p<.05, **=p<.01, ***=p<.001 
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Table 8.  
 
Details of tests of child age and sex as moderators of associations between  
parasympathetic reactivity and clinician-rated child behavior problem severity  
 

Predictor Proposed 
Moderator 

Coefficient SE 95% Confidence Intervala 
   Lower Limit Upper 

Limit 
RSA Reactivity(M)

b Age -.106 .189 -.488 .277 
 
 

Sex .775 .756 -.757 2.306 

RSA Reactivity(S)
c Age .015 .209 -.408 .438 

 Sex .930 .560 -.202 2.063 

Note: a Bias corrected bootstrapped confidence interval with 1,000 bootstrapped samples,  
b RSA Reactivity(M) controls for RSAB(M) 
cRSA Reactivity(S) controls for RSAB(S) 
*=p<.05, **=p<.01, ***=p<.001 
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Table 9.  
 
Details of tests of child age and sex as moderators of associations between  
parasympathetic reactivity and in-task child compliance 
 

Predictor Proposed 
Moderator 

Coefficient SE 95% Confidence Intervala 
   Lower Limit Upper 

Limit 
RSA Reactivity (M)

b Age 1.343* .586 .195 2.492 
 
 

Sex -.283 .898 -2.042 1.477 

RSA Reactivity (S)
c Age .594 .410 -.209 1.398 

 Sex -.416 .854 -2.089 1.258 

Note: a Bias corrected bootstrapped confidence interval with 1,000 bootstrapped samples,  
b RSA Reactivity(M) controls for RSAB(M) 
cRSA Reactivity(S) controls for RSAB(S) 
*=p<.05, **=p<.01, ***=p<.001 
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Figure 1. ECG and ICG electrode configuration. 
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Figure 2. Child behavior problems as a function of RSA suppression during Staff ADI 
and child sex, controlling for RSA during Staff CDI.  
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Figure 3. Child compliance as a function of RSA suppression during Mother ADI and 
child age, controlling for RSA during Mother CDI. 
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