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1  | INTRODUC TION

Positive social relationships are inextricably intertwined with 
well-being across the lifespan (e.g., House et al., 1988; Ramsey 
& Gentzler, 2015; Uchino, 2009). Strong social ties promote 

and sustain the experience of positive affect (PA) (Ramsey & 
Gentzler, 2015); in turn, high levels of PA (e.g., happiness, seren-
ity) are linked to greater longevity, better immune function (Diener 
et al., 2017), and reduced risk of cardiovascular disease (Boehm & 
Kubzansky, 2012). The influence of these psychosocial constructs 
on long-term health outcomes likely occurs incrementally within the 
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Abstract
The aim of this study is to assess whether positive emotional exchanges (i.e., emo-
tion coregulation) within the mother–child dyad play a protective role in children's 
physiological response to a distressing task. Specifically, we test whether positive 
emotion coregulation among mothers and their preschool-aged children is associated 
with children's respiratory sinus arrhythmia (RSA) at baseline, during, and following a 
frustration task. One hundred Singaporean mother–child dyads (Mchildage = 3.5 years) 
participated in a standardized “Laughing Task” in which positive emotional constructs 
were measured. Children also participated in a frustration task while RSA was con-
tinuously monitored. Hierarchical linear regressions revealed that greater maternal 
positive emotional responses to children were associated with child RSA at baseline 
and in recovery from frustration, but not during frustration. These findings have im-
plications for the important role that positive emotion responsivity from mothers 
may play in children's developing autonomic response systems, and underscore the 
need for longitudinal work on this topic.
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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context of repeated, momentary social experiences with caregivers 
that begin early in life. One way this may transpire is via daily social 
and emotional influences on the functioning of the autonomic ner-
vous system (Levenson, 2014), especially in the context of stress 
(Pressman et al., 2019). This study assesses whether one specific 
and potentially important socioemotional construct is linked to au-
tonomic function: positive emotional exchanges within the mother–
child dyad.

1.1 | The autonomic stress response in children: A 
focus on respiratory sinus arrhythmia

Associations between autonomic function and psychosocial ex-
periences are consistently observed in studies of children (Cui 
et al., 2015; Diamond et al., 2012; McLaughlin et al., 2015) preced-
ing, during and while recovering from stress, which may have long-
term implications for cardiovascular health and well-being (Boehm 
& Kubzansky, 2012). Adaptive stress responses are marked by quick 
cardiovascular adaptation (autonomic flexibility) to the conditions 
of the environment (Kok & Fredrickson, 2010). The parasympa-
thetic nervous system (PNS) is the branch of the autonomic nerv-
ous system that may be particularly important for future health and 
well-being (Kristal-Boneh et al., 1995) and is commonly indexed via 
measurement of respiratory sinus arrhythmia (RSA) as well as other 
measures of heart rate variability.

RSA is an index of parasympathetic activity and reflects the de-
gree of synchrony between the heartbeat and the respiratory cycle. 
The parasympathetic nervous system communicates with the car-
diovascular system via the vagus nerve which stems from the brain 
and innervates the sinoatrial node (the heart's pacemaker). The heart 
rate typically speeds up during inhalation and slows down during 
exhalation, creating a variation/arrhythmia in heart rate (Hirsch & 
Bishop, 1981). Within the context of a stress paradigm, RSA is typ-
ically highest at baseline, lowest during reactivity, and begins to re-
turn to baseline levels during recovery (Thayer & Lane, 2009; Thayer 
& Sternberg, 2006). Baseline levels of RSA are thought to serve as 
an index of regulatory capacity, or the individual's ability to respond 
to environmental demands (Butler et al., 2006; Calkins, 1997; Thayer 
& Lane, 2000). People with high resting baseline RSA have healthier 
emotional and social functioning (Geisler et al., 2013), while across 
the lifespan, low baseline RSA is associated with stress and anxi-
ety disorders (Friedman & Thayer, 1998; Hauschildt et al., 2011). 
RSA changes in response to challenge/demands are thought to 
indicate the impact of reacting to that environmental challenge 
(Porges, 1995). In general, demands in the environment require the 
launching of a response, which necessitates attention, resulting in 
vagal withdrawal (RSA decreases; Butler et al., 2006). Variability 
in responses to environmental challenges have been considered to 
reflect individual differences in emotion regulation (Calkins, 1997; 
Porges, 1995). Changes in RSA following a response to a challenge 
provide an indication of an individual's ability to recover or return to 
baseline after responding to that demand.

There is also reason to believe that high levels of baseline RSA 
may be associated with a history of positive social interactions. 
According to Porges’ polyvagal theory (Porges, 2007, 2011), each 
branch of the vagus nerve serves a different adaptive behavioral 
function—social communication, active avoidance (mobilization of 
resources), and passive avoidance (immobilization of resources). RSA 
increases, which originate from the part of the brainstem called the 
nucleus ambiguus, can facilitate prosocial or affiliative behaviors 
within the individual. In this way, RSA increases, also referred to as 
“vagal braking,” allow people to deal with a stimulus without mobi-
lizing the sympathetic nervous system. The myelinated vagus acts 
as a brake on the heart and reduces hypothalamic pituitary action 
(Porges, 2007), a physiological reaction that allows the person to en-
gage in self-soothing behaviors and to interface with the social envi-
ronment. Conversely, RSA decreases, referred to as vagal withdrawal 
or releasing the “vagal brake,” is caused when neuroception triggers 
a defensive reaction from a place of fear, using the more primitive 
neural circuits derived from evolutionary ancestors (Porges, 2011).

A small but growing body of research now links higher base-
line RSA to higher quality attachment relationships in adolescents 
(Diamond et al., 2012) and better socialization in preschoolers 
(Henderson et al., 2004). Conversely, infants and children with 
low baseline RSA display less sympathy to those in distress (Fabes 
et al., 1993) and are less readily soothed by a caregiver following 
stress (reviewed in Porges et al., 1994), indicating that even in child-
hood, these associations may be an important indicator of parasym-
pathetic function.

Beyond levels of baseline RSA, lower RSA during challenging 
tasks has been linked to higher internalizing problems (e.g., social 
withdrawal, fearfulness) (Boyce et al., 2001) and mixed internal-
izing/externalizing problems (e.g., stealing, aggression) (Calkins 
et al., 2007). Further, it is worth mentioning that the RSA literature 
is somewhat mixed, and that some studies find that low RSA during 
reactivity to a stressor may be more adaptive (e.g., see review by 
Graziano & Derefinko, 2013). For instance, some research has shown 
that greater decreases in RSA during challenging tasks are linked to 
fewer externalizing problems in boys (El-Sheikh et al., 2001) better 
coping skills, and better emotion regulation (Gentzler et al., 2009). 
However, these findings may reflect the population of children 
assessed, the type of challenging task presented (Graziano & 
Derefinko, 2013) or the quality of the relationships in the social 
environment.

1.2 | Positive affect, social connectedness and 
physiological stress responses

Definitions of PA vary in the literature; however, according to most 
conceptualizations, PA encompasses an array of positive emotions 
such as contentment, calm, elation, alertness, and happiness. PA 
can be measured as a state (i.e., momentary) or trait (i.e., disposi-
tional) construct, (Russell, 1980; Watson & Clark, 1994) and is linked 
to a host of adaptive health indices (e.g., see reviews by Pressman 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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& Cohen, 2005; Pressman et al., 2019) such as autonomic function. 
For example, research indicates that trait PA and positive emotional 
expressivity is positively correlated with baseline RSA in college stu-
dents (Wang et al., 2013); however, PA also seems to play a pro-
tective role during and surrounding times of stress. Two theoretical 
frameworks—the “Broaden and Build Theory” (Fredrickson, 2001), 
as well as the “Stress Buffering Hypothesis” of PA (Pressman & 
Cohen, 2005)—suggest that PA may promote better autonomic flex-
ibility in response to stress. Indeed, an extensive review found that 
positive psychological constructs predict adaptive autonomic stress 
function (e.g., Boehm & Kubzansky, 2012) and the links between PA 
and autonomic function are not limited to individuals.

Unsurprisingly, PA occurring within social relationships has 
been associated with better autonomic function across the lifespan. 
Indeed, PA is often cultivated within the context of positive social 
experiences with close others, promoting an upward spiral, nurtur-
ing psychological well-being (e.g., Kok & Fredrickson, 2010). Social 
connectedness and PA exhibit unambiguous, transactional links 
across developmental stages (Lyubomirsky et al., 2005; Ramsey 
& Gentzler, 2015), and multiple studies link social bonds and PA 
to adaptive parasympathetic function, as anticipated by Porges’ 
polyvagal theory (Porges, 2007, 2011). Both Porges’ polyvagal 
and Fredrickson's broaden-and-build theories provide conceptual 
grounding for the connection between the two. This theoretical 
grounding combined with the transactional links above suggests 
that the relationship among social connectedness, PA, and RSA, may 
be coregulating or mutually sustaining, such that activation in any 
one of these domains promotes activation in the others.

These types of interactions may be especially important in early 
childhood within the context of parent–child relationships. High-
quality bonds with the primary caregiver are associated with a host 
of positive outcomes for the child, such as higher levels of self-reg-
ulation, better relationship quality in adulthood, and adaptive 
physiological responses to stress (Calkins & Leerkes, 2004; Dalton 
et al., 2006; Gunnar et al., 1996). Further, institutional orphanage 
care in young children is associated with deleterious hormonal and 
autonomic stress patterns when compared to high-quality foster 
care (McLaughlin et al., 2015). Indeed, marital violence, high lev-
els of adversity (Katz et al., 2007; Porter et al., 2003) and other 
chronic stressors, such as maternal depression, poverty, and early 
life adversity are associated with blunted parasympathetic function 
(Propper, 2012). The conclusions emerging from this line of work 
suggest that high-quality parent–child relationships (e.g., those char-
acterized by high levels of availability, reciprocity, sensitivity), bene-
fit both autonomic physiology as well as psychological outcomes in 
children. However, the specific types of social behaviors and emo-
tional exchanges that foster these benefits remain ill-defined.

Considering the stress-buffering effects of PA in social contexts 
(Pressman & Cohen, 2005), we contend that high maternal displays 
of PA (i.e., genuine joy, enjoyment, delight) in direct response to 
children may promote children's superior physiological regulation 
during challenge. The stress-buffering effects of PA may extend be-
yond reactivity and also seem to aid in recovery from stress. This 

theory complements the “Undoing Hypothesis” which posits that PA 
helps to reverse the autonomic after-effects of stress (Fredrickson 
et al., 2000). In support of this theoretical framework, higher re-
covery RSA in children was associated with less aggression, more 
prosocial behaviors, and adaptive emotion regulation (Brooker & 
Buss, 2010; Cui et al., 2015; Miller et al., 2013). Surprisingly, pre-
school-aged samples are rarely studied in this context, creating an 
important gap to fill to examine both how parental PA responses to 
children and PA-relevant interactions may play a role in parasympa-
thetic functioning for children. This time period is particularly rele-
vant because the preschool years are crucial in the development of 
self-regulation (Fonagy & Target, 1997; Zeman et al., 2006). Beyond 
that, it is valuable to study physiological stress responses given their 
importance for future well-being (e.g., Chiang et al., 2018; Piazza 
et al., 2012).

Together, these studies provide compelling evidence that PA is 
tied to more adaptive physiological responses to stress, PA is con-
nected to higher quality social relationships, and critically, that early 
social contexts and connections matter for future development of 
the autonomic stress response. However, these associations (the link 
between PA and the stress response) have predominantly been stud-
ied in adults. What is needed is work that ties these factors (positive 
affect, relationship quality, and autonomic stress response) together 
and brings them into the context of the developing child. While the 
exact pathways of these connections are still being explored, it is 
likely that emotion regulating dyadic exchanges (i.e., emotion coreg-
ulation) may be one mechanism by which these psychophysiological 
constructs are linked.

1.3 | Emotion coregulation and 
autonomic regulation

Emotion coregulation refers to the process by which members of a 
dyad direct emotions and behaviors towards the other in order to con-
struct a stable, optimal, shared affective state as the outcome (Butler 
& Randall, 2013; Guo et al., 2017). Early dyadic regulation is critical 
to our understanding of the development of temperament (Rothbart 
& Posner, 1985), socialization (Eisenberg & Fabes, 1992), attach-
ment (Cassidy, 1994), self and inter-subjectivity (Trevarthen, 1993), 
and psychopathology (Cole et al., 1994). Emotion coregulation is a 
multi-faceted, interconnected construct that includes both the pro-
cess of coregulation, that is, one partner's attempt to alter the emo-
tions and behaviors of the other, and the intended outcome of this 
process, which is often a state of simultaneous or shared emotions 
within a dyad. This study assesses one facet of the process of emo-
tion coregulation or one person's unidirectional, explicit or implicit 
efforts to influence the emotional states of another person, without 
reference to the shared outcome (i.e., synchrony) of said regulatory 
efforts (Davis et al., 2017; Fonagy et al., 2002; Gulsrud et al., 2010).

The capacity to self-regulate emotion typically develops during 
the preschool years—it is during this time that children transition 
from relying on the caregiver as an external regulator of emotion 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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into an internal or self-regulation of emotion in which the child learns 
to govern his/her own emotional responses (Fonagy & Target, 1997; 
Kopp & Neufeld, 2003; Zeman et al., 2006). Repeated dynamic emo-
tional exchanges with the caregiver that are thought to provide the 
basis for the development of self-regulation in the young child (Davis 
et al., 2017; Sroufe, 2000). Thus, we investigate whether one facet 
of coregulation, specifically, mothers’ positive emotions expressed 
towards their children during one task predicts child RSA at baseline, 
during reactivity, and in recovery from a frustrating task without the 
mother present.

Broadly, there is preliminary evidence that higher levels of both 
shared and unidirectional positive emotion coregulation are associ-
ated with higher RSA in children. For instance, one study assessed 
synchronized emotion coregulation and found that high levels of 
coordinated mother–infant emotion coregulation (coded using 
Fogel's global Regional Coding System; Fogel, 1994) was associated 
with greater heart rate variability in infants, indexed by higher RSA 
at baseline (Porter, 2003). Another study found that mothers who 
showed higher levels of coordinating (i.e., synchronizing or match-
ing) behaviors and affective expressions in response to their in-
fants had infants with higher RSA at baseline and lower RSA during 
distress compared to infants with mothers who coordinated less 
(Moore & Calkins, 2004); a pattern supporting research that sug-
gests that healthy autonomic stress responses are marked by the 
maintenance of homeostasis at rest, rapid physiological mobilization 
during stress or challenges, and a quick return to resting baseline 
once the threat is attenuated (Thayer & Lane, 2000, 2009; Thayer 
& Sternberg, 2006).

Mother–child synchrony studies such as these may reflect the 
outcome of coregulatory efforts, thus, they provide an important 
theoretical foundation for this study which assesses the process of 
emotion coregulation in the mother–child dyad, that is, the parent's 
unidirectional efforts to regulate the child. While many of the specific 
parental positive emotions and behaviors involved in an advanta-
geous coregulatory process remain unclear, literature has repeatedly 
shown that both emotion coregulation and emotion co-dysregulation 
(a dyadic interaction that results in destabilization of emotion) bear 
significant associations with autonomic function (Enlow et al., 2014; 
Hastings et. al., 2008; Porter, 2003). In contrast to the benefits of 
emotion coregulation, caregivers may also respond to children in 
ways that dysregulate child emotion if the child's efforts to com-
municate or connect are not met with a sensitive response. For in-
stance, in a short-term longitudinal study of preschool-age children, 
mothers high in negative control (dictating the minutiae of a child's 
cognitions, behaviors, and feelings) had children with more internal-
izing and externalizing problems and less self-regulation (Hastings 
et. al., 2008). Additionally, in a study of school-aged children, results 
showed that when mothers high in overcontrol and anxiety inter-
vened with overcontrol; these mothers had a dampened cardiovas-
cular response while observing their child participate in a laboratory 
stressor; however, the children of these over-controlling mothers 
showed lower RSA (Borelli et al., 2018). Together, these studies sug-
gest that parents’ emotions and behaviors towards children may be 

the variables that comprise the process of emotion coregulation. In 
sum, existing literature on child RSA and parent–child coregulation 
most commonly investigates links between either shared (i.e., syn-
chronized) emotional experiences or the parent's explicit or implicit 
efforts to down-regulate the negative emotional states of the child. 
However, far less is known about the relation between the up-regu-
lation of positive emotion and child RSA during stress. It is important 
to note that emotion-eliciting tasks including the one in this study 
may elicit a range of emotional responses, including frustration, 
sadness, fear, challenge or general distress (Calkins et al., 2002). 
Nevertheless, given that these emotional responses all activate the 
physiological stress response system, we draw on theory from stress 
physiology literature to inform the interpretation of these findings.

It bears mentioning that the majority of research conducted on 
parent–child coregulation has been conducted in Western contexts 
(e.g., Haley & Stansbury, 2003; Moore & Calkins, 2004; Porter, 2003). 
Consequently, little is known about the effects of emotion coregu-
lation in other cultures. Compared to Western cultures, East Asian 
cultures have different values related to emotion expression that 
may affect the dynamics of coregulation. Whereas Western cul-
tures tend to encourage the expression of emotions (Markus & 
Kitayama, 1991), East Asian cultures tend to encourage control over 
emotions (Tsai et al., 2002), Thus, East Asian cultures often down-
play the expression of positive emotions, placing greater value on 
low arousal positive emotions (e.g., calm, serenity) rather than high 
arousal positive emotions (e.g., excitement, elation) (Tsai, 2007).

These values may affect how Asian parents engage in positive 
emotion coregulation with their children. Although, to our knowl-
edge, no past research has specifically examined positive emotional 
expression (responses) in Asian families, a number of studies have 
explored emotional expression and socialization in this population. 
East Asian parents express less positive affect towards their children 
than Western parents (Camras et al., 2008; Le et al., 2002). However, 
there are mixed findings regarding whether differences in positive 
emotion expression similarly affect Western and East Asian children. 
Although Chinese parents’ positive emotion expressivity was asso-
ciated with lower child externalizing and higher social competence 
(Chen et al., 2011), lower parental positive emotion expressivity was 
associated with emotion regulation difficulties in White American 
but not Asian American college students (Morelen et al., 2013). 
Further research is required to examine the role of parental up-reg-
ulation of positive emotion in Asian cultural contexts and its asso-
ciations with child outcomes. To our knowledge, this study is the 
first to examine positive emotional expression/ responsiveness in 
Singaporean mother–child dyads, providing greater insight into the 
role of this aspect of coregulation in a Southeast Asian sample.

1.4 | The current study

This correlational study assessed mother–child dyads drawn from 
one wave of a larger birth cohort study called Growing Up in 
Singapore Towards healthy Outcomes (GUSTO) (Soh et al., 2014). 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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To our knowledge, no study has assessed whether positive emotion 
coregulation, specifically, maternal positive emotion responsiveness 
is associated with more optimal physiological regulation for children 
coping with stress, and few studies have focused on this aspect of 
coregulation in the preschool-age range, a critical developmental 
period for the advancement of emotion regulation skills (Zeman 
et al., 2006). To address these gaps in the literature, this study will 
assess whether mothers’ PA in direct response to children is associ-
ated with children's RSA in response to a laboratory stressor without 
the mother present.

Our hypotheses are based on established research linking 
higher PA to higher baseline RSA, as well as the Stress Buffering 
Hypothesis, which posits that social support (in this case, pro-
vided by the mother) may lessen the impact and intensity of the 
stressor on the child's physiology (Pressman & Cohen, 2005), and 
by the Undoing Hypothesis, which suggests that PA helps to reverse 
the autonomic after-effects of stress (Fredrickson et al., 2000). 
Specifically, we suggest that the undoing effect of PA may extend 
one step further within the context of the mother–child relationship. 
That is, a mother's PA response to her child could also help to reverse 
the autonomic after-effects of stress. In sum, Hypothesis 1 predicts 
that higher maternal PA responsiveness to children will be positively 
associated with higher child RSA at baseline. Hypothesis 2 predicts 
that higher maternal PA responsiveness to children will be positively 
associated with higher child RSA during reactivity to a frustrating/
stressful task and Hypothesis 3 predicts that higher maternal PA re-
sponsiveness to children will predict higher child RSA during recov-
ery from the frustrating task.

2  | METHOD

2.1 | Participants

Singaporean mother–child dyads (N = 100, Mchildage = 3.5 years; 64% 
Chinese, 24% Malay and 12% Indian) participated in this cross-sec-
tional study. The child sample was 46% female with a mean age of 
3.4 years; mothers mean age was approximately 34 years. This study 
was approved by the Sing Health Centralized Institutional Review 
Board and the National Healthcare Group Domain Specific Review 
Board.

In the larger, longitudinal GUSTO study (Soh et al., 2014), 448 
healthy, pregnant women over the age of 18 years old were recruited 
in their first trimester of pregnancy from two maternity units (KK 
Women's and Children's Hospital and National University Hospital, 
June 2009-September 2010) during an ultrasound appointment. 
Singaporean mothers of Chinese, Malay, or Indian ethnicity, with 
ethnically homogenous partners (birth father of the child) were 
asked to participate. Mothers with Type 1 diabetes or those receiv-
ing chemotherapy or psychotropic drugs were excluded. A subset 
of GUSTO toddlers completed a series of experimental tasks over 
a roughly 3-hr visit at 42 months of age. Detailed descriptions of 
the entirety of this visit are available (Tsotsi et al., 2018, 2019). 

Data specific to the current study hypotheses (i.e., video data of 
PA responsiveness at relevant time points) were available for 185 
mother–child dyads—of these, 85 were missing usable data required 
for physiological analyses, or relevant covariate data such as income, 
age, or sex for the mother or the child.

We considered performing multiple imputation to restore the 
sample size to 185 for each model, however, after conducting a 
series of t-tests, results showed that physiological data were not 
missing at random; an assumption in which the use of multiple im-
putations is contingent upon (Allison, 2000). Specifically, to analyze 
whether groups with all (baseline, reactivity, recovery) physiolog-
ical data differed significantly from those with no physiological 
data, we compared the two groups on key study variables. The two 
groups differed significantly on some variables. For instance, as 
compared to participants who did not have any physiological data, 
participants who had all physiological data were lower on maternal 
PA responsivity, t(148) = −2.22, p = .028, higher in household in-
come, t(114) = 2.86, p = .005, and higher in child age, t(142) = 2.91, 
p = .004. Thus, imputing up to 185 would violate the not missing at 
random assumption. In contrast, participants who had physiological 
data for at least one time point did not appear to differ on key study 
variables from participants who had complete physiological data. 
Thus, we made the decision to impute missing data on physiological 
variables for participants who were missing data from reactivity or 
recovery physiological assessment points but not from the baseline 
physiological assessment since baseline data were available for the 
largest number of participants. In total, after conducting multiple im-
putation, our sample size increased by 23 participants for reactivity 
analyses and by 21 for recovery analyses. This resulted in our having 
a sample of N = 100 in each model. Crucially, the pattern of findings 
did not change when using the imputed as compared to the original/
non-imputed dataset.

2.2 | Procedure

After obtaining written consent from participants, a researcher at-
tached disposable electrodes to the child at three points; between 
the lower right ribs, on the chest at the apex of the heart, and just 
under the right collar bone. Data were continually recorded for 
RSA throughout the (roughly) 3-hr long study session. First, base-
line RSA data were collected for the child using electrocardiogram 
(ECG) equipment while the child colored with a research assistant 
for 2 min. Next, the child went through a solitary 4-min frustration-
inducing task, followed by a 1-min solitary recovery period. For the 
frustration task, specifically, the “Attractive Toy in Transparent Box” 
(TB), from the preschool version of the Laboratory Temperament 
Assessment Battery (Goldsmith et al., 1999) was used to induce 
frustration-related RSA reactivity and recovery by keeping a toy 
that the child had selected out of his/her reach. After the child se-
lected the toy (in our study playdough or mobile phone), the toy was 
placed and locked in a transparent plastic box. Then, the research 
assistant handed a set of incorrect keys to the child. After ensuring 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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the children knew how to use keys, the research assistant instructed 
them to open the box in order to play with the toy and left the child 
alone in the room with the incorrect set of keys for 4 min. On aver-
age, children were coded as experiencing moderate frustration M = 0.73 
(SD = 0.45) on the AFFEX coding system (Izard et al., 1983)for frustra-
tion (range in this sample 0–2). When the research assistant returned 
to the room, a recovery phase occurred wherein the correct key was 
handed to the child, saying, “It looks like I gave you the wrong key. 
Here is the correct one.” The box was opened and the child was en-
couraged to play with the toy for 1-min. The mother and child then 
reunited during a free play task for 5 min.

After the reunion, the research assistant entered the room and 
asked the mother to make her child laugh as she normally would for 
2 min (i.e., the “Laughing Task”). Present in the room were approx-
imately 10 toys with which the mothers and children were able to 
play. The mothers were not provided with instructions that were 
any more specific in nature; as a result, what mothers did during the 
“Laughing Task” varied. Some mothers led the interaction while oth-
ers followed the child's lead. Some mothers used toys while others 
did not. In addition to the above tasks, children also participated in 
tasks unrelated to this study for approximately 20 min. RSA data col-
lection was continuous throughout the entirety of the visit.

2.3 | Measures

2.3.1 | Mother and child PA responsiveness

Our goal in designing this coding scheme was to capture parent–child 
PA responsiveness during a task designed to elicit positive emotion 
exchanges between parents and children. No such coding scheme 
exists in the literature. To develop this coding scheme, we reviewed 
the literature for theories of emotion and emotion coregulation, 
partially grounding the coding scheme in the Circumplex Model of 
Affect (Russell, 1980) and adapting it to rate dyadic PA responsive-
ness between the mother and the child. Prior to implementing the 
coding scheme, we consulted with experts in the field of parenting, 
emotion, and parent–child emotion coregulation, as well as with the 
developer of the Laughing Task (Bureau et al., 2014). We revised the 
coding system several times in response to their feedback before 
ultimately implementing it with our coding team. Further, in the 
development of the coding scheme, we initially considered the use 
of moment-to-moment ratings, however, the positive emotion task 
was a short, 2-min activity with only one goal—specifically, to make 
the child laugh. A global rating allowed coders to better capture the 
quality of the emotional exchange within the dyad as it reflected that 
singular goal. Further, since the high arousal positive emotion task 
followed a quiet play activity with the mother, a global rating allowed 
coders to consider the entirety of the emotional exchange, which 
often required a transition period from quiet play to laughter.

To provide the greatest level of independence of the coded data, 
we trained two separate teams of coders, a mother coding team and a 
child coding team—the mother coding team coded only mothers and 

the child coding team coded only children across the Laughing Tasks. 
To reduce systematic bias in affect coding, both mother and child 
teams of coders were trained together by the same researcher with 
the same training videos. Additionally, raters practiced scoring both 
mother and child affect to ensure the ratings were comparable. After 
training was completed, coders were separated into mother or child 
teams. All coders rated targets’ (mothers or children, respectively) 
observed PA exhibited only directly in response to the other person 
in the Laughing Task. One coder rated each video and a second ex-
pert coder rated a portion (20%) of the video-recorded interaction 
tasks to determine inter-rater reliability of the coders. Cronbach's 
alphas suggested satisfactory levels of reliability for all coded data, 
in direct response to the child: α = 0.80 (computed across the 2-min 
task) and in direct response to the mother: α =  0.91. In total, two 
global scores were assigned; one score for minute-one and one score 
for minute-two. For analyses, we computed a mean score of min-
ute-one and minute-two to calculate mothers’ PA in direct response 
to the child and children's PA in direct response to the mother as 
variables.

2.3.2 | PA responsiveness

PA responsiveness exclusively measures expressions in direct re-
sponse to the other member of the dyad. Put more concretely, 
coders were asked to rate PA expressions only in response to the 
mother or child respectively. Mothers were only scored as show-
ing PA responsiveness when their PA increased in a manner that 
was contingently responsive to their child's PA expressions (e.g., 
mother raises eyebrow, then child starts to smile and then mother 
smiles halfway and then child smiles more brightly and then mother 
begins to laugh and then the child begins laughing hysterically and 
then the mother puts her arms up in the air with excitement). So, 
if a mother showed positive emotion but the positive emotion did 
not occur in response to the child's positive emotion (or did not 
increase in response to the child's positive emotionality), this was 
not considered evidence of PA responsiveness. These ratings were 
completely contingent upon these dyadic exchanges. Notably, re-
search has shown that Asian cultures frequently value low arousal 
positive emotion (e.g., calm, serenity) over high arousal positive 
emotions (e.g., excitement, elation) when compared to Americans 
(Tsai, 2007); thus, PA responsiveness to the other was operation-
alized by an increase in displays of both high and low arousal posi-
tive emotions, such as expressions of happiness, serenity, elation 
and calm. Behaviors included laughing, smiles, warmth, affection 
and playfulness that occur as a direct result of interacting with 
the other. Both the mother's and the child's positive emotional 
response to each other were coded on a 1 to 7 scale with 1 repre-
senting “no increase” and 7 representing a “high increase” in posi-
tive emotion. Specifically, “no increase” represented no positive 
behavioral or affective displays throughout the 2-min Laughing 
Task. That is, the participant displayed boredom, flat affect, nega-
tive emotion, or expressed no delight in the other member of the 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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dyad. “High increase” represented constant and intense positive 
behavioral or affective displays like smiling, laughter, serenity, or 
delight in the other member of the dyad.

2.3.3 | Respiratory sinus arrhythmia

The Vrije Universiteit Ambulatory Monitoring System (VU-AMS, 
version 5fs, TD-FPP, Amsterdam, the Netherlands), was used to 
collect respiratory and heart rate data using electrocardiogram 
leads. Data were processed using the VU-DAMS software (version 
2.2). Three disposable lead electrocardiograms (ECG) were used 
for heart rate and four disposable lead impedance cardiograms 
for respiration (Ernst et al., 1999). The three heart rate electrodes 
were attached to the child at three points; between the lower right 
ribs, on the chest at the apex of the heart, and just under the right 
collar bone. RSA data collection was conducted according to the 
following procedure. First, a primary check was performed to as-
sess signal quality and adjustments were made to the device to 
avoid errors or noise. The device was synced to computer time and 
disconnected from the computer. The experimenter, then, initiated 
data collection. The VU-AMS has an “event-marker” button which 
is used to indicate the start or end of a task or specific events 
within each task. After data collection was completed, these mark-
ers were used to divide the entire HR recording and the collected 
data into specific events. The specific timings of each marker were 
also manually checked against the corresponding video per task 
and participant.

Using the DAMS software, RSA is calculated in the time domain, 
combining the ECG and respiration data through an automatic scor-
ing algorithm. This algorithm detects the beginning and end of in-
spiration and expiration in each respiratory cycle and then, based 
on this information, calculates the respiratory rate (i.e., breaths per 
minute). Respiration signals were filtered so that only frequencies 
between 0.10 and 0.40 Hz were included. RSA is calculated using 
a peak-valley estimation method (Grossman et al., 1990), essen-
tially calculating RSA as a difference score between the longest 
inter-beat-interval (IBI) during deceleration in the expiration phase 
minus the shortest IBI during heart rate acceleration in the inspira-
tional phase during each breath. Artifacts (e.g., missing ECG data), 
R-peaks based on QRST complexes, and irregular IBI’s (classified as 
high or moderately suspicious) are automatically detected by the 
software. Additional checks were conducted visually inspecting 
the respiratory signals and IBI time series from the entire recording 
during a given event. All highly suspicious IBIs and breathing cycles 
with detected IBI artifacts (e.g., ectopic beats) were removed from 
further processing. The total IBIs removed did not exceed 4% for this 
episode on average among participants.

In order to further calculate the RSA scores used in all analy-
ses, RSAs during each breath were averaged within each designated 
task or event. Baseline RSA was the average RSA within the 2.5 min 
coloring session. For the Transparent Box episode, RSA was aver-
aged and extracted for two events (i.e., the 4-min solitary frustration 

period), wherein the child was left alone with the box, and the re-
covery phase (i.e., after the box was opened and the child could play 
with the toy).

2.3.4 | Age and sex

Case notes from the child's birth hospital were obtained to collect 
routinely recorded birth data including the date of birth and sex of 
the child. The age in days of the child on the day of this study was 
calculated from the child's birth date. Sex of the child at birth was 
coded 1 = male; 2 = female.

2.3.5 | Household income

Mother's self-reported monthly household income in Singaporean 
dollars on a scale of 1–5 with 1 representing “0–999” and 5 rep-
resenting “Above 6,000”. Based on conversion rates in September, 
2019, 1.38 Singaporean dollars equals 1 United States dollar 
(Exchange-Rates.org, 2019).

2.3.6 | Data analytic plan

Age, sex, and household income were accounted for in subsequent 
analyses as covariates. These covariates were chosen based on prior 
research suggesting differences in sex (Koenig et al., 2017), house-
hold income (Egbuonu & Starfield, 1982) and age (Alkon et al., 2003) 
for physiological metrics.

Analyses were performed using version 25 of SPSS. If partici-
pants were missing data for any of the variables used in our anal-
yses, their data were excluded. To test the study hypotheses, we 
conducted hierarchical linear regressions using the mother's PA re-
sponsiveness to the child as the predictor variable while controlling 
for potential demographic confounds (household income, age, and 
sex) in an initial step of the regression for each model. In analyses 
in which we predicted RSA during the task (i.e., reactivity levels of 
RSA), we controlled for child baseline RSA levels on the initial step 
of the regression which effectively captured the subsequent change 
from baseline to reactivity within participants (Linden et al., 1997). In 
analyses in which we predicted RSA following the task (i.e., recovery 
levels of RSA), we controlled for the final minute of child reactivity 
RSA levels on the initial step of the regression in order to measure 
the degree to which RSA decreased post-frustration (Linden et.al, 
1997). When testing mothers’ PA responsiveness to children as a 
predictor of children's RSA during recovery, due to our interest in 
modeling change from reactivity to recovery, we controlled for their 
RSA during the final minute of the frustration task due to its prox-
imity in relation to the recovery period, similar to the methodology 
employed in prior work exploring changes within stressor-levels of 
physiology or from stressor-levels of physiology to recovery (Borelli 
et al., 2015, 2018; Partington et al., 2018).
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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When findings were significant when controlling for demo-
graphic covariates in the initial step of each model, we followed up 
and also controlled for the child's PA response in all A. models in 
order to assess whether these findings are explained by the child's 
PA response to the mother. To avoid overly saturating the models 
with overlapping constructs, we conducted these regressions sepa-
rately, using a block approach for each set of covariates included in 
the models. We include two steps per model (step 1 including covari-
ates and variables for which we need to control and step 2 including 
our predictor of interest so we can be certain that any variance we 
are explaining in the outcome is a result of the predictor of interest 
rather than also explained by any confounding variables from the 
first step). Therefore, our models entered all covariates in step 1 and 
then our predictor (maternal PA response in step 2).

3  | RESULTS

3.1 | Descriptive statistics

Descriptive statistics for key variables, overall and by child sex are 
reported in Table 1. Independent samples t-tests revealed that there 
were no significant differences in mothers’ PA responsiveness based 
on the sex of the child (p = .64). Zero-order correlations among key 
study variables and demographic factors (presented in Table 2) re-
vealed that mothers with higher PA responsiveness to the child had 
children with higher RSA at recovery. Higher PA responsiveness by 
the mother and PA by the child was positively intercorrelated.

Hypothesis 1 (Model 1): Dependent Variable, RSA-Resting Baseline 
Period. After adjusting for age, household income and sex (age, 
household income and sex will now be referred to as demo-
graphic covariates) in this and all subsequent models (adjusted 
R2 = 0.02, p = .19), mothers’ PA responsiveness to their children 
was significantly positively associated with higher child baseline 
RSA, ΔR2 = 0.05, b = 9.34, SE = 4.01, p = .02 (see Table 3). In 
model 1A. (see Table 3), when we adjusted for the child's PA re-
sponse to the mother (adjusted R2 = 0.09, p = .01), the mother's 
PA responsiveness to the child was still positively associated with 

child's baseline RSA (ΔR2 = 0.05, b = 9.59, SE = 4.09, p = .02), 
but child positive emotional response to the parent was not in the 
overall model (b = 0.46, SE = 1.81, p = .80).

Hypothesis 2 (Model 2): Dependent Variable, RSA-Frustration Task. 
After adjusting for baseline RSA and demographic covariates in 
this model (adjusted R2 = 0.61, p < .001), mothers’ PA responsive-
ness to their children was not a significant predictor of child reac-
tivity RSA, ΔR2 < 0.001, b = −0.41, SE = 2.52, p = .87. Follow-up 
analyses covarying the child's PA response were also non-signifi-
cant and are reported in Table 3.

Hypothesis 3 (Model 3): Dependent Variable, RSA-Recovery. After ad-
justing for the final minute of reactivity (minute 4 of reactivity) 
and demographic covariates in this and all subsequent models 
(adjusted R2 = 0.43, p < .001), mothers’ PA responsiveness to 
their children was significantly positively associated with higher 
child recovery RSA, ΔR2 = 0.03, b = 7.85, SE = 3.26, p = .02 (see 
Table 3). In model 1A. (see Table 3), when we adjusted for the 
child's PA response to the mother (adjusted R2 = 0.39, p < .001), 
the mother's PA responsiveness to the child was still associated 
with child recovery RSA (ΔR2 = 0.03, b = 8.62, SE = 3.73, p = .02), 
but the child's PA response to the parent was not associated with 
child recovery in the overall model (b = −0.16, SE = 1.63 p = .92).

4  | DISCUSSION

Broadly, this study adds to existing literature linking high PA respon-
sive parental behaviors to high RSA at resting baseline and in re-
covery from stress in children. Specifically, we found that mothers 
who showed more displays of enjoyment in response to the child 
during the Laughing Task had children with higher RSA overall (base-
line) and higher RSA during recovery from a frustrating laboratory 
task. Further, associations between maternal PA responsiveness to 
children and child RSA were not present during the frustrating task 
(reactivity) as we previously hypothesized. That is, the mother's ex-
pressions of joy towards her child did not seem to play a protective 

TA B L E  1   Descriptive statistics of key variables by children's sex

Measures
Total N = 100
M (SD)

Range
(Min, Max)

Boys n = 53
M (SD)

Girls n = 47
M (SD) Sex differences t

Age 3.46 (0.09) 3.34, 3.80 3.45 (0.09) 3.47 (0.10) −1.05

Household Income 4.01 (0.96) 1, 5 4.11 (0.91) 3.89 (1.01) 1.15

Child PA Response 3.47 (2.02) 1, 7 3.60 (2.10) 3.33 (1.94) 0.66

Maternal PA Response 3.24 (0.89) 1, 6 3.26 (0.96) 3.21 (0.81) 0.29

Child RSA- Baseline 67.82 (35.85) 12.88, 209.73 65.09 (33.31) 70.90 (38.63) −0.81

Child RSA- Reactivity 63.64 (33.88) 11.33, 190.56 62.18 (30.24) 65.27 (37.83) −0.45

Child RSA- Recovery 70.89 (37.89) 14.92, 185.49 70.34 (39.02) 71.52 (36.98) −0.15

Note: no significant sex differences were found.
Abbreviations: PA Response, Positive affect response.
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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role with respect to children's RSA response during stress exposure. 
Research such as this may provide insight into whether positive pa-
rental responses to children might translate into internal psycho-
physiological resources that promote better autonomic function for 
children surrounding and during times of stress.

The positive association between maternal PA responsive-
ness to children and baseline RSA supports literature linking high 
baseline RSA to healthier emotional and social functioning (Geisler 
et al., 2013) and high levels of mother–child emotion coregulation 
to high baseline RSA in children (Porter, 2003). Indeed, past liter-
ature suggests that high-quality parent–child relationships may 
equip children to achieve better autonomic functioning (Calkins 
et al., 2008), hinting at networks of interdependent biopsychoso-
cial systems. Notably, our findings are cross-sectional and limited 
to the scope of the laboratory setting. However, we speculate that 
one possible explanation for the association between maternal PA 
responsiveness and child RSA at baseline is that these results may 
reflect a history of maternal PA responses to the child. That is, since 
this study utilized brief “on-the-spot” laboratory tasks to measure 
the constructs of interest, these interaction tasks may have required 
that mothers draw upon past PA experiences with the child in order 
to fulfill the prompts given by research personnel. It could be quite 
difficult for mothers to make children laugh on demand, in front of 
cameras, strangers and in an unfamiliar place—the ability to do so 
may underscore considerable interpersonal resources within a dyad, 
such as a reservoir of interactive and play possibilities based on a 
pre-existing history. Importantly, while these suggestions present 
one possibility, they are speculative since we assessed mother–child 
interactions using a 2-min laboratory-based interaction. Since we 
only measured PA responsiveness in the context of this one task, 
this study represents a limited window into the mother–child re-
lationship, leaving open the possibility that there is a third factor 

responsible for the association between PA responsiveness and chil-
dren's baseline and recovery RSA. For instance, mothers who were 
more responsive to children's PA might have been able to do so as by 
virtue of having a history of positive interactions with children; for 
this reason, we wonder whether PA responsiveness is a proxy for se-
cure mother–child attachment. Indeed, we are aware of at least one 
study showing that greater positive emotion coregulation is associ-
ated with infant attachment security (Guo et al., 2020). Importantly, 
while these suggestions present one possibility, we caution readers 
to interpret these tentatively for two important reasons—first, we 
assessed mother–child interactions using a 2-min task. Second, the 
task involved explicitly tasking mothers to elicit positive emotion 
from their children rather than our observing a naturalistic and/or 
more child-driven interaction. We made this decision to create a 
task that pulled for positive affective engagement in mothers and 
children because we wanted to guarantee that we would observe 
opportunities for positive responsivity in mothers. However, doing 
so comes at the cost of external validity. In other words, it is also 
possible that the mothers’ style of eliciting PA in children within this 
prescribed context may not generalize to naturalistic interactions.

Alternatively, perhaps the children in these dyads have higher 
temperamental surgency, and are easier to engage in playful inter-
actions. Either of these qualities (secure mother–child attachment or 
surgent temperament) would provide other explanations for the as-
sociation between PA responsiveness and children's RSA and could 
be tested as covariates or mediators in future longitudinal studies. 
Further research on the links between maternal PA responses and 
physiological processes in children is needed to understand whether 
causal pathways exist.

Interestingly, the associations between maternal PA responses 
to children and child RSA were not present during the frustrating 
task (reactivity). Our predictions here were grounded in the Stress 

Variables 1 2 3 4 5 6 7 8

1. Age —

2. Sex 0.11 —

3. Household 
Income

−0.02 −0.12 —

4. Child PA 
Response

−0.05 −0.07 0.13 —

5. Maternal PA 
Response

−0.20* −0.03 0.03 0.47** —

6. Child 
RSA-Baseline

0.09 0.08 −0.20 0.10 0.20* —

7. Child RSA- 
Reactivity

0.13 0.05 −0.08 0.12 0.14 0.79** —

8. Child RSA- 
Recovery

0.04 0.02 −0.14 0.15 0.27* 0.81** 0.67** —

Note: Sex Coding: 1 = boys, 2 = girls.
Abbreviation: PA Response, positive affect response.
*p < .05. 
**p < .01. 

TA B L E  2   Correlation matrix for key 
variables
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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Buffering Hypothesis, which suggests that social support (in this 
study, maternal PA responsiveness) may lessen the impact and in-
tensity of the stressor (Pressman & Cohen, 2005). It is possible that 
young children are still in a process of developing the ability to tap 
into social resources when confronted with a stressor.

Finally, we found a positive association between maternal PA re-
sponsiveness and child RSA during recovery from the frustrating lab-
oratory task. In the early years of development, children are largely 
dependent on the caregivers to serve as an external regulator for 
emotion regulation (Fonagy & Target, 1997; Zeman et al., 2006)—in 
infancy, children look to their caregivers as sources of information in 
the context of ambiguity (Campos, 1981) and enter a state of emo-
tion dysregulation in the absence of responsiveness from caregivers 
(Tronick, 1989). In the preschool years, although children are more 
independent than during infancy, they are still in need of parental 
input to regulate emotion (Fonagy & Target, 2002). Thus, it is unsur-
prising that we found a link between maternal PA responsiveness 
and children's RSA (during baseline and during recovery). During 
this developmental period, parents’ emotional responses may be 
of tremendous importance in regulating children's physiological 
recovery from stressors. While the Undoing Hypothesis suggests 
that one's own PA can help regulate negative emotions and undo 
the cardiovascular after-effects of stress (Fredrickson et al., 2000), 
this study found that the mother's PA expressions for the child pre-
dicted greater autonomic recovery from stress as indexed by higher 
RSA following frustration. In this sense, our findings support the 
Undoing Hypothesis from a novel, dyadic reference point. A possi-
ble explanation for this association is that maternal PA responses to 
children could impart a self-regulatory resource that can be carried 
and utilized during stress with or without the mother's presence or 
in-the-moment coregulatory behaviors. These findings may connect 
existing bodies of literature linking higher RSA during recovery to PA 
to emotion coregulation in children; however, replication studies are 
needed to confirm associations between these constructs.

Further, our findings are in line with past work linking high base-
line RSA in adults to greater positive affect (Wang et al., 2013) and 
high RSA during recovery from stress to better parent–child interac-
tions (Miller et al., 2013). In addition to links with RSA, our findings 
support research that shows that low parental expressions of posi-
tive emotion and high expressions of negative emotion are associ-
ated with poor emotion regulation in children (Fosco & Grych, 2013; 
Jackson et al., 2011; Kim et al., 2009). Further, a study assessing the 
same sample as this study reported that higher maternal sensitiv-
ity at 6 months of age predicted quicker habituation to a series of 
fear-inducing tasks at 42 months of age as indexed by attenuated 
startle responses (Tsotsi et al., 2018). The findings of these studies 
are parallel in that they both reveal a pattern in which positive par-
enting practices (in one, sensitivity, in the other, positive emotion 
coregulation) is associated with recovery from stress.

Our findings complement and contribute to theoretical models 
as well. Emotion regulation forms in early childhood within the con-
text of coregulatory experiences with the primary caregiver (Butler 
& Randall, 2013; Dalton et al., 2006) and coregulatory positive 

emotional experiences with the primary caregiver are linked to high 
RSA (Porter, 2003). The current findings and this growing body of 
literature support Kok and Fredrickson’s (2010) suggestion that au-
tonomic flexibility is marked by quick cardiovascular adaptation to 
the demands of the environment. Taken together, these findings 
provide preliminary support that maternal PA responses to children 
may be one component of the “portable” protective resources pro-
vided by caregivers that shape psychophysiological function early in 
life. In adults, numerous studies link stress responses, social bonds 
and positive emotions to physiological performance with adaptive 
responses predicting reduced risk of cardiovascular disease and op-
timal cardiovascular function (Boehm & Kubzansky, 2012; Gunnar 
et. al., 1996). If future research confirms links between maternal PA 
responses to children and children's RSA preceding and in recovery 
from challenging tasks, this could reveal an important mechanism 
that supports healthy biopsychosocial function in children and may 
provide one explanation as to why existing successful interventions 
work.

It is interesting to note that the overall level of maternal PA re-
sponsiveness in this sample was relatively low (M = 3.25, SD = 0.90), 
especially in consideration of the 1–7 rating scale and the PA in-
ducing potential of the Laughing Task. Cultural norms may help to 
explain the relatively low mean. In Asian culture, positive emotion 
expression is downplayed (Tsai, 2007) or may even be viewed neg-
atively (e.g., Leu et al., 2011); further, devoting attention towards 
school-aged children's positive achievements can similarly be con-
sidered negative in East Asian cultures (Ng et al., 2007), though to 
our knowledge, little work has been conducted examining positive 
emotion coregulation among East Asian parents of preschool-aged 
children, a key contribution of this study. Given the relatively low 
base rate of PA responsiveness in mothers, it will be important to 
conduct additional investigations on this topic across diverse cultural 
contexts to explore variations in PA responsiveness. Nonetheless, 
despite the seemingly low mean levels of maternal PA responsive-
ness, higher PA responsiveness was associated with more optimal 
RSA in children at baseline and recovery.

4.1 | Limitations and future directions

It is important to contextualize the contributions of this study in 
terms of its constraints. This study is limited by its use of a cross-
sectional design and by the demographic composition of the sam-
ple; therefore, we cannot generalize the results or determine causal 
pathways by which maternal PA responses and child RSA are linked. 
Since this study cannot establish directionality, an alternative inter-
pretation of the results is that mothers may respond more positively 
to children who have greater autonomic flexibility. Indeed, research 
has shown that children with better physiological regulation are 
less emotionally negative, display fewer behavior problems, and 
have better social skills when compared to other children (Calkins 
& Keane, 2004). Thus, it is also possible that child temperament in-
fluences mothers’ levels of positive affect. Additionally, there are 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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limitations with regard to our measurement of PA responsiveness. 
To avoid one potential bias in our coding scheme (i.e., that coders 
might be influenced by the behavior of one member of the dyad 
[e.g., mother] when coding the other [e.g., child], we chose to have 
separate teams of coders rate the mothers and the children. This 
constituted our strategy to avoid spillover effects of ratings within 
the dyad (i.e., a coder's rating for one member of the dyad affecting 
their rating for another member). However, in doing so, we may have 
created a different kind of bias. The teams may have differed in sys-
tematic ways from one another. That is, the child coder team's rating 
of affect may not have been comparable to the parent team's rating 
of affect (i.e., what the child team considered to be a score of three 
may have been different than what the mother team considered to 
be a score of three). In an attempt to address this potential issue, 
both mother and child teams of coders were trained together by the 
same researcher using the same training videos. Additionally, raters 
practiced scoring both mother and child affect to ensure the ratings 
were comparable. Importantly, this cannot completely rule out the 
possibility that the mother and child coder teams differed systemati-
cally in their ratings, but this was a trade-off that we were willing to 
accept for this project. It might be an issue that future researchers 
wish to address in their work.

Further, while we suspect that our findings may hint at a point in 
a child's development in which maternal PA response plays a physio-
logically protective role, we were unable to examine age effects due 
to the correlational design of the study and the limited age range of 
the child participants. Next, we were missing a large amount of phys-
iological data from participants. The participants who were missing 
all RSA data differed significantly from those participants who had 
physiological data. This fact tempers the conclusions we can draw 
from the study in the sense that the subsample from which our anal-
yses were conducted was not representative of the larger sample. 
It is not unusual for studies conducted with young children to have 
challenges with the successful collection of physiological data using 
ambulatory assessment devices because of noisy signals, espe-
cially when the data are collected in hot and humid climates (Borelli 
et al., 2014), but it is unfortunate, and it underscores the need for 
replication of these findings. Further, since this was the first inves-
tigation of its kind, we designed our statistical analyses and coding 
scheme to capture a panoramic view of the relation between mater-
nal PA responsiveness and child RSA during three distinct epochs 
surrounding the frustrating task; baseline, frustration, and recovery. 
Future researchers should consider the use of growth curve model-
ing which would better probe the trajectory of children's physiolog-
ical response across each time point.

Additionally, we only assessed variables of interest in the 
mother–child dyad due to an under-representation of fathers in 
the sample. Another limitation is that mothers were requested to 
make their children laugh at a moment's notice. We observed that 
many children were in a state of focused play when mothers were 
requested to do so; some of the children appeared annoyed at the 
interruption. In this sense, this task may not mimic a naturalistic par-
enting interaction in which the mother attempts to up-regulate the 

child's mood at a time that is selected based on the child's recep-
tiveness to the mother's behavior. Further, we observed that some 
mothers could not make their child laugh upon the request of the 
researcher but instead chose to increase low arousal positive emo-
tions such as calm and serenity. Thus, the Laughing Task could be 
adapted to become a “Happy Task”, where parents are directed to 
try to increase the child's happiness for two minutes which would 
allow parents to draw upon and impart a broader range of positive 
emotional resources other than humor alone and could also allow for 
parents to follow the child's cues with greater sensitivity. This may 
have unfairly advantaged dyads in which the preschoolers were al-
ready in a state of happy play at the outset of the task. Future studies 
should address the limitations of this study by examining maternal 
PA responsiveness longitudinally in order to assess age effects, in-
cluding both mothers and fathers, and adapting the Laughing Task to 
include both high and low arousal PA.
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
problems.

Despite the high prevalence of anxiety disorders (Beesdo et al., 
2009; Copeland et al., 2014) and frequent co-occurrence of exter-
nalizing problems in childhood (Angold, Costello, & Erkanli, 1999; 
Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-
ternalizing comorbidity patterns relate to ERN profiles has yet to be 
tested. Research that examines these relations could have the po-
tential to resolve some of the inconsistencies observed in the ERN 
pediatric literature, increase precision in our understanding of neural 
correlates of anxiety comorbidity subtypes, and elucidate primary 
sources of impairment that could have translational implications. 
Accordingly, the primary aim of this preliminary study was to be one 
of the first to investigate how ERN responses could differentiate 
anxious subtypes as defined by those with and without comorbid 
externalizing problems in a pediatric sample. Healthy youth, defined 
as those without lifetime histories of psychiatric disorders, were also 
included in order to examine psychiatric symptom and ERN rela-
tions dimensionally. The overall sample consisted of anxious youth 
and healthy controls (ages 7–19 years old) who were recruited for a 
study of the treatment of pediatric anxiety disorders. Based on prior 
work on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013), 
we hypothesized that youth with greater anxiety symptoms who did 
not have co-occurring externalizing problems would demonstrate 
enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-
liminary studies suggesting anxiety and ERN relations could be qual-
ified by psychiatric comorbidity (Stieben et al., 2007), we predicted 
that youth with co-occurring anxiety symptoms and externalizing 
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anywhere from 15% to 23% of anxious youth meet criteria for at-
tention-deficit hyperactivity disorder (ADHD; Angold, Costello, 
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9% 
of anxious youth meet criteria for oppositional defiant disorder 
(ODD; Kendall et al., 2001). It is well established that childhood 
comorbidity is associated with significantly worse short- and 
long-term psychosocial impairments (Fraire & Ollendick, 2013; 
Franco, Saavedra, & Silverman, 2007). Despite moderate rates 
of anxiety and externalizing psychopathology comorbidity, their 
neurobiological origins are not well understood, which is sig-
nificant given increasing clinical research emphasis on under-
standing the underlying pathophysiology of common psychiatric 
disorders and syndromes, and identifying the extent to which 
disorders and subtypes are associated with similar or unique 
neurophysiological characteristics (Insel et al., 2010; Shankman 
& Gorka, 2015).

Psychophysiological tools, such as scalp-recorded electro-
encephalogram (EEG) recordings in response to environmental 
cues of threat and error monitoring, have proven to be useful in 
identifying neural correlates of different forms of psychopathol-
ogy across the life span (e.g., Shankman & Gorka, 2015). Over 
50 studies have focused on the error-related negativity (ERN), 
an event-related potential (ERP) component typically measured 
at frontocentral electrodes 50–100 ms following commission 
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, 
2012). Source localization studies and investigations employing 
EEG and functional magnetic resonance imaging (fMRI; Debener 
et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, 
2003) have identified the anterior cingulate cortex (ACC) as the 
region of the brain that generates the ERN. The ACC is the pri-
mary brain mechanism involved in online monitoring for conflict 
between simultaneously active but incompatible streams of in-
formation (Shiels & Hawk, 2010). Greater ERN amplitudes are 
theorized to reflect processes of heightened conflict monitor-
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat 
(Weinberg et al., 2016) and punishment (Shackman et al., 2011; 
Zambrano-Vazquez, & Allen, 2014). Research has indicated that 
the ERN represents a trait-like neural response to errors, as it 
demonstrates strong test-retest reliability and rank-order stabil-
ity. Furthermore, ERN amplitudes appear to be multiply deter-
mined by genetic and environmental influences (Weinberg, Klein, 
& Hajcak et al., 2012).

Research has shown that the ERN is a neural correlate of 
psychopathology, particularly anxiety disorders. Specifically, 
enhanced (i.e., more negative) ERN in anxious individuals is fre-
quently observed, and has been consistently replicated in both 
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg, Dieterich, & 
Riesel, 2015) and pediatric samples (Ladouceur, Dahl, Birmaher, 
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been 
shown to prospectively predict the onset of anxiety psychopa-
thology in school-age children (Meyer, Proudfit, Torpey-Newman, 
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman, 
Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify 

individuals with a family history of anxiety (Riesel et al., 2019), and 
to associate with fear-based anxiety symptoms in adults (Gorka, 
Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN 
have also been documented in individuals with externalizing symp-
tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and 
disorders have been linked with error-related hypoactivity or a 
blunted ERN, which means more positive rather than negative ERN 
amplitudes, the latter being observed in anxiety disorders (Hall, 
Bernat, & Patrick, 2007; Pasion & Barbosa, 2019; Shiels & Hawk, 
2010). Blunted ERNs have been documented in youth with ADHD 
and disruptive behavior disorders (Geburek, Rist, Gediga, Stroux, & 
Pedersen, 2013; Meyer & Klein, 2018; Vilà-Balló, Hdez-Lafuente, 
Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that 
externalizing symptoms and psychopathology are characterized by 
deficient error responding and impaired error evaluation.

It is important to note that ERN findings in the anxiety and ex-
ternalizing literatures have not been entirely consistent, such that 
symptom/disorder and ERN patterns do not always demonstrate the 
expected directional relationships, particularly when there is comor-
bid psychopathology. For example, some adult studies have found 
that ERN and anxiety disorder associations differ when individuals 
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg, 
Kotov, & Proudfit, 2015). In addition, Stieben et al. (2007) found 
that the association between externalizing problems and a blunted 
ERN was less apparent among children with comorbid internalizing 
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