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Abstract

As highlighted by Eisenberg and colleagues (1998), parents play a critical role in children’s 

socioemotional development, in part, by shaping how children and adolescents process, respond 

to, and regulate their emotions (i.e., emotional reactivity/regulation). Although evidence for 

associations between parenting behavior and youth’s emotional processing has relied primarily on 

behavioral measures of emotion, researchers have begun to examine how parenting is related to the 

neural substrates of youth’s reactivity and regulation. This paper reviews a growing literature 

linking parental behavior with structural brain development as well as functional activity and 

connectivity in neural regions supporting emotional reactivity and regulation during infancy, 

childhood, and adolescence. By focusing on normative parental behaviors, we evaluate the 

evidence for associations between typical variations in caregiving and neural processes thought to 

support youth’s emotional reactivity/regulation. The purpose of this review is three-fold: (1) to 

extend the model put forth by Eisenberg and colleagues to consider the ways that parenting 

behaviors are related to neural substrates of youth’s emotional reactivity and regulation; (2) to 

review the empirical evidence for associations between parenting, particularly parental “emotion-

related socialization behaviors” (ERSBs), and neural substrates of youth’s emotional reactivity/

regulation; and (3) to recommend future directions for this emerging area of research.
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Parents play an important role in children’s socioemotional development, in large part by 

influencing how children and adolescents process, respond to, and regulate their emotions. 

As highlighted by Eisenberg and colleagues (1998), individual differences in parental 

emotion-related socialization behaviors (ERSBs) are concurrently and prospectively linked 

to individual differences in youth’s emotional reactivity and regulation (Eisenberg, Spinrad, 
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& Eggum, 2010). Furthermore, because problems with emotional reactivity and regulation 

are widely recognized to play a shared role in risk for psychopathology, an important 

approach for altering risk trajectories is to identify the mechanisms by which ERSBs 

promote -- or undermine -- the development of adaptive emotion regulation (ER) in children 

and adolescents (Cole, Hall, & Hajal, 2013). There has been much behavioral research on 

this question over the last 20 years (see Morris, Criss, Silk, & Houltberg, 2017), but little is 

known about how parenting is associated with the neural substrates of youth’s emotional 

reactivity and regulation. Thus, the purpose of our review is 3-fold: (1) to extend the model 

put forth by Eisenberg and colleagues to consider associations between parenting and the 

neural processes that underlie emotional reactivity/regulation in children and adolescents; 

(2) to review the empirical evidence for such associations, particularly between ERSBs and 

the structure and function of ER neural networks; and (3) to recommend future research 

directions for this emerging area of research.

There is a rich base of behavioral and physiological evidence that children’s ability to 

regulate emotions improves significantly with age (see Beauchaine, 2011; Calkins, Perry, & 

Dollar, 2016; Kopp, 1989), but studies are just beginning to examine cross-level interactions 

between the social environment and youth’s developing neural systems. As one of the 

earliest and most enduring aspects of the social environment, it is critical to understand 

associations between parenting behaviors and the developmental changes in brain structure 

and function that support ER-related behaviors. A deeper understanding of how parenting 

might influence the neurodevelopment of ER is also important for identifying targets for the 

next generation of parenting interventions. By providing the first review of evidence for 

associations between parental behavior and brain imaging measures of youth’s emotional 

reactivity/regulation, we hope to begin to build a foundation for future translational work 

aimed at incorporating brain-based parenting strategies in programs targeting maladaptive 

socioemotional developmental outcomes.

Part 1: Neurodevelopment of Emotion Regulation

Child arousal is posited to be an important mediator of associations between parental ERSBs 

and children’s socioemotional outcomes in Eisenberg and colleagues’ (1998) model. 

Drawing from research on neural models of ER (e.g., Etkin, Bucehl, & Gross, 2015; 

Ochsner, Silvers, and Buhle, 2012; Phillips, Ladouceur, and Drevets, 2008), we extend 

Eisenberg’s emotion socialization model by proposing that normative variations in parental 

ERSBs are associated with variations in the neurodevelopment of ER processes, which, in 

turn, influence socioemotional development. As shown in Figure 1, we propose that parental 

ERSBs are related to individual differences in the structure and functioning of neural 

networks implicated in the processing and regulation of emotionally-salient information 

(e.g., Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003; Surguladze et al., 2003; Vink et 

al., 2004).

Emotionally-salient information is processed in a set of interconnected subcortical 

(amygdala, ventral striatum) and cortical (medial prefrontal cortex, dorsal anterior cingulate 

cortex) brain regions that also include the dorsal anterior cingulate cortex and anterior insula 

(Menon, 2015). These regions are important in salience detection, or the dynamic detection 
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of personally- or motivationally-salient information, such as stimuli with positive or negative 

emotional valence. In addition to salience detection, Phillips and colleagues (2008) outlined 

the neural networks underlying other subprocesses of ER. Voluntary ER refers to explicit 

regulatory processes, such as cognitive reappraisal, that modulate an emotional response and 

that are supported by a network of prefrontal cortical regions, including the dorso- and 

ventrolateral prefrontal cortices (dlPFC, vlPFC), the dorsomedial prefrontal cortex (dmPFC), 

and dorsal anterior cingulate cortex (dACC). In parallel, there are implicit subprocesses that 

occur outside the realm of awareness; these include action monitoring and modulation of 

attention to emotional material as well as reinforcement learning. Animal and human lesion 

neuroimaging studies indicate that these processes involve a network of brain regions that 

include the subgenual (sgACC) and rostral anterior cortex (rACC), orbitofrontal cortex 

(OFC), hippocampus, dACC, and dmPFC. Both the voluntary and implicit ER networks 

show significant overlap with the salience network, suggesting that salience detection is an 

integral part of emotion regulation in adults (Kohn et al., 2014) and youth (McRae et al., 

2012; Vink et al., 2004).

The brain regions thought to underlie implicit and voluntary ER undergo significant age-

related changes in both structure and function that have implications for understanding 

“expected” age-related differences in youth’s ER (e.g., Perlman & Pelphrey, 2010; Silvers et 

al., 2016; 2017). Much of the research on the neural basis of emotional processing has found 

age-related increases prefrontal cortical activation, particularly in regions implicated in 

voluntary ER processes (e.g., Hare et al., 2008; McCrae et al., 2012; Monk et al., 2003). 

There is also evidence of age-related differences in white matter tracts connecting prefrontal 

regions with subcortical structures implicated in salience detection (e.g., Paus et al., 1999). 

For example, cross-sectional research suggests that relative to younger children, older 

adolescents show greater structural connectivity within a white matter tract connecting the 

PFC and amygdala (i.e., the uncinate fasciulus) that is associated with age-related declines 

in amygdala activation (Swartz et al., 2014). Moreover, recent findings suggest that the 

down-regulation of amygdala activation by vmPFC to negative emotional material increases 

with age, and that these age-related changes were mediated by dmPFC activation (Silvers et 

al., 2017), highlighting development in the dorsal regions of the PFC in the 

neurodevelopment of ER. These findings are consistent with intriguing cross-sectional 

findings suggesting a developmental shift from a positive to inverse pattern of co-activation 

(i.e., functional connectivity) between the PFC and amygdala that occurs during the 

transition to adolescence (approximately age 10 years); this developmental shift in 

functional connectivity between the salience and voluntary ER networks is posited to reflect 

the maturation of projections from the PFC to the amygdala (Gee et al., 2013), an important 

part of the neural network thought to underlie voluntary ER processes like cognitive 

reappraisal (Wager, Davidson, Hughes, Lindquist, & Ochsner, 2008).

Part 2: Parental Emotion Socialization and ER Neural Networks

Initial studies of caregiver influences on the human brain largely focused on exposure to 

extreme environments, such as maltreatment and institutionalization (see Belsky & de Haan, 

2011). While it is clear that extreme deviations from normative patterns of caregiving 

influence the development and functioning of ER networks, less is understood about how the 
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structure/function of these networks is sensitive to more subtle differences in parenting 

behavior. It is therefore important to understand how brain structure and function during 

childhood and adolescence varies in association with a normative range of variation in 
parenting experiences. Eisenberg and colleagues (1998) highlighted emotional overarousal 

as a likely consequence of parental ERSBs that are not supportive of youth’s emotion 

experiences (for example, parental suppression of child emotional expression, modeling of 

high negative affect). As shown in Figure 1, we extend their model to suggest that parental 

ERSBs could impact youth’s emotional arousal via their impact on the salience detection 

and voluntary/implicit ER neural networks.

Review of Empirical Evidence.

We review child/adolescent neuroimaging studies of emotional reactivity/regulation that 

incorporated (1) measure(s) of brain volume, morphology, and structural connectivity or 

functional connectivity and activation in brain regions implicated in ER-related processes 

and (2) direct measure(s) of parenting behavior that were accepted for publication before 

January 2019 (see Supplemental Information). Although Eisenberg and colleagues (1998) 

specifically focused on ERSBs, we include neuroimaging studies that assessed broader 

indices of parenting behavior and parent-child relationship for two key reasons. First, as an 

emerging area of research, few studies have specifically assessed ERSBs when investigating 

associations between parenting and neural indices of youth’s emotional reactivity/regulation. 

As such, models linking ERSBs and the neurodevelopment of ER networks will need to 

build from more general studies of parenting behavior. Second, measures of broader 

parenting constructs often include ERSBs, notably, parental emotional expression and 

responses to child/adolescent behavior. For example, as discussed by Eisenberg and 

colleagues (1998), maternal sensitivity is often defined as the degree to which mothers 

respond to infant emotional cues (e.g., distress). Our search identified 32 empirical studies 

investigating associations between normative variations in parenting behavior and measures 

of brain structure (brain volume, structural connectivity) and function (neural activation, 

functional connectivity) (see Table 1 in Supplemental Information). It is important to note, 

however, that because the majority (~80%) of studies assessed only mothers, we should be 

cautious about generalizing the findings to fathers’ parenting.

Broad indices of parenting style/quality.—Following the lead of Eisenberg et al., 

1998, we characterize measures of parents’ emotional expressivity and degree of 

responsiveness to youth’s emotion-related behaviors into “positive” and “negative” 

dimensions. “Positive” parenting refers to those behaviors and qualities that are traditionally 

incorporated in measures of sensitivity, warmth, and authoritative parenting style that have 

been associated with the promotion, or support, of healthy developmental outcomes (Eshel 

et al., 2006). Conversely, “negative” parenting refers to behaviors/qualities that have been 

defined as authoritative, controlling, harsh, and/or intrusive – that is, behaviors that do not 

promote healthy developmental outcomes.

Parenting style/quality: brain volume and structural connectivity.—Much of the 

research on the associations between parenting behavior and youth’s brain structure has 

focused on positive parenting style/quality. Findings extend and complement studies linking 
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more extreme, adverse caregiving environments with altered structural development in 

limbic regions implicated in emotional processing (e.g., Belsky & deHaan, 2011). 

Specifically, with regards to subcortical brain structures that are part of the salience and 

implicit ER networks, studies have generally found that high levels of positive parenting 

style/quality were associated with reduced amygdala volumes (Bernier et al., 2018; Whittle 

et al., 2014) and larger hippocampal volumes (Engert et al., 2010; Rifkin-Graboi et al., 2015; 

Schneider et al., 2012; but see Rao et al., 2010). Moreover, findings have been consistent 

with prospective designs using observational measures that linked positive parenting with 

the development of larger hippocampal volume in middle childhood/early adolescence 

(Luby et al., 2012; 2013; 2016).

A smaller body of work has also linked positive parenting with variations in gray matter 

(GM) volume in regions that are implicated in implicit and voluntary ER processes. 

Moreover, findings highlight the importance of considering typical, or “expected”, 

neurodevelopmental trajectories when investigating associations between parenting and 

developing ER. Specifically, studies have found that higher levels of positive parental 

behaviors are associated with larger cortical volumes in younger children (Kok et al., 2015) 

but smaller cortical volumes during adolescence (Avants et al., 2015). Additionally, using a 

longitudinal design, Whittle et al. (2014) found that observed positive maternal behaviors 

prospectively predicted greater cortical thinning (i.e., decreases in GM in the cortex) in 

adolescents’ OFC. In contrast, retrospective reports of positive maternal behavior in 

childhood were associated with larger volumes in the frontal orbital gyrus (Kim et al., 2010) 

and the dlPFC in adults (Narita et al., 2010; but see Yang et al., 2018).

Finally, there is a similar pattern of associations with positive parenting style/quality and the 

structure of another key brain region for implicit and voluntary ER, the ACC. Specifically, a 

longitudinal investigation found a positive association between observed maternal positive 

behaviors and greater ACC thinning during adolescence (Whittle et al., 2014). Given that 

adolescent cortical thinning is associated with superior cognitive and emotional functioning 

(e.g., Ducharme et al., 2012; Shaw et al., 2006), authors posited that mothers’ positive 

parenting behavior may support or even promote normative trajectories of cortical 

development.

Compared to positive parenting style/quality, fewer studies have reported associations 

between brain structure and negative parenting behaviors. One study by Narita and 

colleagues (2012) reported no significant (direct) association between parenting and 

hippocampal volume. However, there were significant associations between retrospective 

reports of overprotective parenting and hypothalamic-pituitary-adrenal (HPA) axis 

hypoactivity that were, in turn, associated with GM volume reduction in the hippocampus in 

adults. A second, longitudinal study by Whittle and colleagues (2016) found that over time, 

maternal aggression was associated with increases in the cortical thickness of adolescents’ 

superior frontal gyrus and ER-related neural regions. Overall, findings from this small body 

of work are consistent with the view that negative parenting alters the expected pattern of 

neurodevelopment (i.e., cortical thinning during adolescence) in brain structures that are 

thought to underlie voluntary and implicit ER processes.
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Parenting Style/Quality: Neural activation and functional connectivity.—
Findings are mixed with regards to the association between positive parenting style/quality 

and neural activity (i.e., changes in neural activation that occur while participants complete 

tasks designed to recruit ER-related subprocesses). For example, high levels of positive 

parenting were related to less activation to negative emotional images in subcortical 

structures implicated in salience/emotion identification among adolescents (Romund et al., 

2016) but elevated amygdala activation in school-aged youth (Pozzi et al., 2019). With 

regards to the processing and regulation of positive emotional information, high levels of 

positive parenting were linked to greater activation in the ventral striatum among adolescent 

girls (Schneider et al., 2012). Other evidence indicated that in early adolescence, low levels 

of positive parenting style/quality were prospectively linked to greater activity in the dmPFC 

and ventral striatum during reward anticipation in later adolescence, a pattern of neural 

response to positive emotional information that mediated relations between low parental 

warmth and youth depressive symptoms (Casement et al., 2014). Thus, there is preliminary 

evidence for associations between high levels of positive parenting style/quality and 

attenuated activation within the salience network when adolescents respond to negative 

emotional information. On the other hand, low levels of positive parenting are linked to 

reduced activation in ER neural networks when youth process positive emotional 

information.

Research on negative parenting style/quality likewise links parenting behavior with the 

functioning of ER networks but relationships depend on child characteristics. For example, 

one study showed that negative maternal quality/style is associated with attenuated 
activation in the vlPFC, a cortical region implicated in voluntary ER, in response to peer 

rejection among adolescents with behavioral inhibition (Guyer et al., 2015). Negative 

parenting style/quality has also been associated with elevated activation in the anterior 

insula, a region important for salience detection, in response to negative emotional images 

(Marusak et al., 2017). Together, this work is consistent with the view that negative 

parenting is related to atypical patterns of neural responses to negative emotional 

information that confer risk for emotional overarousal and ER problems. With regards to 

youth’s responses to positive emotional information, researchers have found that negative 

maternal parenting was linked to attenuated responses to positive emotional stimuli in the 

anterior insula, suggesting that negative parenting might also dampen youth’s responses to 

positive emotional input (but only among late-pubertal adolescents; Barbosa et al., 2018).

The mixed pattern of findings in associations between parenting style/quality and functional 

activation in ER networks are, in part, due to differences in sample characteristics (i.e. age at 

which parenting and neural function were assessed; child temperament). For example, 

maternal negative parenting was linked to attenuated activity in the vlPFC in response to 

peer rejection, but only for behaviorally-inhibited adolescents (Guyer et al., 2015). Such 

findings underscore the need to identify the factors that moderate relations between 

parenting behavior and ER-related neural function (see discussion on Moderators on p. 18).

Negative parenting has also been posited to disrupt ER processes, in part, by altering the 

functional connectivity within ER neural networks (see Figure 1). Functional connectivity is 

a measure of temporal correlation or coupling between activation in brain regions while an 
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individual is performing a task or at rest. Stronger correlations reflect a higher degree of 

coordinated neural activation, and correlations can reflect either positive neural coupling 

(e.g., as activation in one region increases, activation in another region also increases) or 

inverse/negative neural coupling (e.g., as activation in one region increases, activation in 

another region decreases). Using measures of functional connectivity, Thijssen and 

colleagues (2017) reported that less parental sensitivity during the preschool years was 

associated with stronger inverse (or negative) resting-state connectivity between the 

amygdala and dmPFC in the school-aged years (i.e., when youth were 6 to 10 years-old). 

Similarly, Kopala-Sibley and colleagues (2018) found that negative maternal parenting style/

quality in early childhood was prospectively associated with increased negative connectivity 

between the salience and implicit ER networks in response to sad faces when youth were 

approximately 10 years of age. The findings reported by Thjjssen and colleagues (2017) and 

Kopala-Sibley and colleagues (2018) are strikingly similar to research on adverse caregiving 

experiences indicating that children who have experienced adverse caregiving develop a 

seemingly “mature” pattern of negative fronto-limbic connectivity earlier in life (i.e., before 

puberty). However, investigators have also posited that this stress-accelerated pattern of 

neurodevelopment may confer later risk for ER capacity, for instance, with respect to 

youth’s capacity to engage in adaptive emotional self-regulation as adolescents and adults 

(Callaghan & Tottenham, 2015).

To date, we found only one study examining the association between positive parenting 

behavior and measures of functional connectivity in youth. This study focused on focused on 

neural mechanisms underlying maternal regulation of emotion by using a mother/stranger 

fMRI task. Specifically, Gee and colleagues (2014) found that youth who showed negative 

amygdala-mPFC connectivity when viewing images of their mothers (vs. stranger) also 

perceived their mothers to be more sensitive to their emotional needs (i.e., reported higher 

attachment security) than youth who showed positive connectivity between these brain 

regions. It is important to note that, unlike prior evidence showing that prolonged maternal 

separation accelerates amygdala-prefrontal development (Callaghan & Richardson, 2011; 

Gee et al., 2013) with potential deleterious effects on child functioning, the maternal 

modulation in this study was phasic in nature. Thus, findings from this study illustrate the 

potential importance of maternal support in promoting ER through phasic amygdala-

prefrontal modulation, a pathway important for the adaptive development of voluntary ER 

processes and, in turn, socioemotional competency (see Figure 1).

Overall, there is a critical need to understand how negative and positive parenting behaviors 

shape developmental trajectories of functional connectivity between neural regions within 

ER networks. That is, given preliminary evidence that negative parenting behaviors might 

accelerate amygdala-prefrontal development during childhood and that positive parenting 

supports a similar, “adaptive” neurodevelopmental pattern of connectivity during 

adolescence, it is important that future studies leverage multi-level longitudinal designs to 

track how normative variations in parents’ positive and negative behaviors are associated 

with the individual differences in neural and behavioral indices of ER-related processes.

Parental ERSBs.—A strength of Eisenberg and colleagues (1998) model is the 

specification of how three types of ERSBs – parental responses to youth’s emotional 
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expressions, expressions of emotion, and emotion coaching – might impact youth’s arousal 

and, in turn, socioemotional competence. At the time of this review, few neuroimaging 

studies specifically assessed ESRBs but preliminary findings from this growing area of 

research are detailed below.

Brain volume and structural connectivity.—We know of only one study relating 

parental ERSBs (i.e., parental emotion expression) and structural connectivity in youth. This 

study used diffusion tensor imaging (DTI) to estimate levels of white matter integrity of 

tracts within fronto-limbic regions. Sheikh and colleagues (2014) found that as compared to 

girls with low cortisol reactivity, 6-year-old girls with high cortisol reactivity showed lower 

levels of white matter integrity in the tracts adjacent to the right superior frontal gyrus and 

rostral ACC when they were approximately 9 years of age. However, among girls with high 

cortisol reactivity, those whose parents expressed high levels of positive emotion showed 

fronto-limbic structural connectivity patterns that were similar to girls with low cortisol 

reactivity. Researchers suggested that these findings support the view of parental positive 

emotion as a protective moderator of associations between stress reactivity and atypical 

structural connectivity between fronto-limbic regions–an aspect of neurodevelopment 

thought to support both implicit and voluntary ER subprocesses.

Likewise, to our knowledge, only one cross-sectional study (Whittle et al., 2009) has 

examined associations between parental ERSBs and child structural brain development. This 

study focused on negative parental responses to child emotion and reported relations 

between higher levels of observed maternal punishing responses to child positive emotion 

and larger right amygdala volumes in early adolescent boys (but not girls), as well as larger 

left dorsal ACC and OFC gray matter volume in both boys and girls. This finding may offer 

a possible neurobiological mechanism by which parental ERSB’s, such as negative parental 

reactions to child positive emotion, are behaviorally linked to the blunting of youth’s 

positive affect (e.g., Yap, Allen & Ladouceur, 2008). Given evidence of normative decreases 

in GM volume in fronto-cortical regions during adolescence, it may be that punishment of 

youth’s expression of positive emotions is associated with altered patterns of structural 

development of regions within the salience and/or implicit ER neural networks that were 

reported by Whittle and colleagues (2009). Although, replications are needed, if this 

hypothesis is supported, it would have implications for the development of psychopathology 

such as depression, which has been linked to maladaptive ER and altered neural processing 

of positive emotion (Forbes & Dahl, 2005).

Indeed, studies examining the link between parenting style/quality and variations in youth’s 

brain structure and emotional health (e.g., Deane et al., in press; Whittle et al., 2011) have 

suggested that parental behavior is related to structural neurodevelopment in ways that 

impact youth’s emotional well-being. Moreover, this view of emotion socialization is 

consistent with findings from research that investigated parental behavior in relation to 

neural indices of youth’s emotional reactivity/regulation and rating scales of youth’s 

symptoms and coping styles (see “Moderators” column in Table 1). Overall, this work 

supports the hypothesis that the structure/function of ER networks may mediate (or 

moderate) relations between parenting and affective symptomatology, highlighting 
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neurodevelopment of ER networks as a pathway linking parental emotion socialization with 

socioemotional competence.

Neural activation and functional connectivity.—A small, but growing number of 

neuroimaging studies focused on identifying associations between parental emotion 
expression and activation within neural networks supporting salience detection and other ER 

subprocesses in children and adolescents. For example, using negative emotional pictures, 

two fMRI studies of adolescents found that higher levels of maternal negative emotion were 

related to greater neural activation in brain regions implicated in detecting (e.g., amygdala, 

anterior insula) and regulating (e.g., ACC, vlPFC) emotions (Chaplin et al., in press; Turpyn 

et al., 2018). These findings are similar to those from studies of negative parenting; however, 

some researchers have suggested that associations differ for boys and girls, a potential sex 

moderator requiring further investigation.

Additionally, although it did not include a direct measure of parenting, a study by Lee and 

colleagues (Lee, Siegle, Dahl, & Silk, 2015) investigated how a specific type of parental 

behavior that is particularly relevant to negative parental emotional expression, maternal 

criticism, might be associated with the functioning of youth’s salience and ER neural 

networks. When listening to critical comments pre-recorded by mothers, adolescents showed 

elevated neural activation (relative to neutral comments) in subcortical-limbic regions, but 

reduced activation in cortical regions (i.e., dlPFC, caudal ACC). The researchers suggested 

that adolescents show greater neural reactivity to their mother’s criticisms, in part, because 

they have difficulty recruiting regions from the voluntary ER neural network to regulate their 

emotional responses to their mothers’ criticisms. These findings advance our understanding 

of how a specific parenting behavior (i.e., criticism), which characterizes negative parenting 

style/quality, is processed at the neural level in youth.

Other studies examining associations between parental emotion expression and activation of 

brain regions within ER neural networks assessed youth’s responses to a specific type of 

emotional stimuli: feedback to social and non-social information. This research has 

generally found that higher levels of maternal positive emotion was associated with 

attenuated responses in the ventral striatum to non-social losses and heightened responses to 

non-social rewards (Morgan et al., 2014). Moreover, this association was stronger among 

boys who were exposed to maternal depression, a finding that is consistent with authors’ 

hypothesis that positive parenting could serve as a protective factor among youth at risk for 

depression in one aspect of ER, processing of positive emotional (i.e., rewarding) 

information. Higher levels of observed maternal negative emotion, however, were associated 

with attenuated neural responses in the dmPFC, dACC, and sgACC to social rewards (i.e., 

peer acceptance), which were also linked to depressive symptoms (Tan et al., 2014). Taken 

together, available evidence indicates that mothers’ negative emotional expressions are 

associated with greater activation in regions within the salience and voluntary ER networks 

when youth process negative emotional information, a pattern of neural responses that is 

suggestive of increased emotional reactivity and associated regulatory activity. Positive 

parental emotion, at least among mothers, has thus far been linked to a presumably adaptive 

pattern of reduced activity in these networks when youth process negative emotional 

information, but heightened activity when processing positive emotional information.
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A third study targeted an ERSB that is part of an extended model of parental emotion 

socialization model that addresses family-level factors (Morris et al., 2007). This study 

found that youth who reported higher levels of family emotional responsiveness exhibited 

heightened amygdala activation specifically to angry (not sad) facial expressions (Farber et 

al., 2017), but only for adolescents who reported low levels of recent stress. The authors 

interpreted this result as a novelty effect: Adolescents raised in a family climate that was 

emotionally responsive, who also and had low levels of life stress may have had little 

exposure to interpersonal threats and therefore showed hypersensitivity to less frequently-

encountered interpersonal threat stimuli (i.e., angry faces). This interpretation requires 

further investigation but is suggestive of the possibility that normative exposure to stress, 

including more negative interactions with family members, provides opportunities for youth 

to learn and practice ways to regulate of negative emotional information in ways that 

promote the development of ER neural networks.

Finally, an fMRI study specifically assessed emotion coaching as a parental ERSB. Using a 

multi-method design that included ecological momentary assessment of adolescent coping 

behaviors, Butterfield and colleagues (2019) found that anxious adolescents who received 

higher levels of emotion coaching, specifically encouragement to use engagement-oriented 

coping behaviors by a parent, exhibited greater activation in neural regions within the 

salience detection and implicit ER networks. Moreover, structural equation models revealed 

that more parental coaching of engagement-oriented coping was also associated with less 

avoidant coping in their daily life. In contrast, non-anxious youth who experienced less 

emotion coaching exhibited reduced activation in regions within the ER networks, which 

was not associated with daily avoidant coping. Findings from this study suggest that parents’ 

(largely mothers’) use of emotion coaching scaffolds the adolescent in ways that shape 

neural activity when processing and regulating threat in ways that promote adaptive coping 

in daily life.

Moderators of associations between ERSBs and brain structure/function.—
Research on the relations between parenting and structure/function of youth’s ER neural 

networks has helped researchers identify contextual factors, such as family conflict or the 

valence of emotional stimuli used in fMRI paradigms, as moderators of the link between 

ERSBs and brain structure/function. For example, the context in which parental negative 

emotion is expressed could be especially important to consider. Tan and colleagues (2014) 

found that maternal negative emotion during parent-adolescent interactions in which 

adolescents are seeking parents’ support is associated with reduced neural responses to 

positive emotional stimuli. Using a parent-child interaction task designed to elicit conflict, 
Turpyn and colleagues (2018) instead found that maternal negative emotion is associated 

with greater neural responses to negative emotional images among adolescents. In addition 

to contextual factors, child-level characteristics moderate associations between parental 

ERSBs and the functioning of youth’s ER networks. For example, one study found that 

higher levels of maternal negative emotion were associated with greater right rACC 

activation for girls, but reduced activation for boys. Moreover, for girls only, elevated rACC 

activation was associated with more depressive symptoms (Chaplin et al., in press). These 

results highlight the need to consider the sex of both child and parent in future research.
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Additionally, both structural and functional imaging studies have indicated that 

developmental timing may serve as a moderator of associations between measures of 

parenting and neural measures of emotional reactivity/regulation in youth. For example, 

Morgan and colleagues (2014) found that for boys whose mothers had experienced 

depression, lower levels of maternal warmth in early childhood was prospectively associated 

with less activation in the medial PFC to reward anticipation; however, experiences of 

decreased maternal warmth during adolescence were associated with greater activation in the 

caudate to reward anticipation. These findings highlight that the clinical implications of 

positive parenting during childhood and adolescence are complex – likely moderated by the 

developmental timing of caregiving experience – and that the behavioral implications of 

hypo- and hyperactivation of different neural regions need to be carefully investigated when 

interpreting behavioral function and developmental risk. Finally, much of the extant work on 

parental ERSBs has examined parental emotion expression and focused almost exclusively 

on adolescents. Consequently, much work is still needed to determine how different parental 

ERSBs are associated with specific ER subprocesses. There is a particular need for new 

methods to measure ESRBs that have been shown to promote the development of adaptive 

ER behaviors during the childhood years (i.e., emotion coaching, emotion talk/language; 

Gottman et al., 1996; Roben et al., 2013).

Part 3: Summary and Recommendations for Future Research

Advances in developmental neuroimaging methods have enabled researchers to use multi-

level research designs to enrich our conceptual models of emotion socialization. Indeed, 

since publication of Eisenberg et al.’s review in 1998, studies have provided empirical 

support for associations between ERSBs and developmental changes in children’s putative 

ER strategies from infancy into the early school-aged years. Overall, we found mounting 

evidence that normative variations in parenting style/quality are linked to individual 

differences in the structure/function of neural networks implicated in emotion processing 

and regulation of children and adolescents – an extension of Eisenberg and colleagues’ 

(1998) suggestion that parental ERSBs help to shape emotional development via youth’s 

emotional arousal (see Figure 1).

First, of the extant research, there appears to be the most support for associations between 

positive parenting (style/quality and ERSBs) and the structure and function of youth’s ER 

neural networks, specifically, that supportive parenting is linked with cortical thinning and 

reduced activation in regions within the salience and implicit ER networks. This line of 

research is intriguing as it is tentatively consistent with a major tenet of Eisenberg et al.’s 

1998 parental emotion socialization model – that supportive ERSBs might protect against 

emotional (over)arousal – in part by attenuating the activation of neural networks supporting 

emotional reactivity/regulation. The neurodevelopmental mechanisms underlying this 

association, however, require further investigation. Multi-modal imaging studies linking 

neural activation with variations in brain structure (e.g., volume, gray matter thinning, white 

matter tracts between brain regions) are needed to evaluate the degree to which positive 

parenting behaviors are associated with reduced recruitment of the salience network, in part, 

because positive parenting is also associated with smaller amygdala volumes and cortical 

thinning in ventral striatum and fronto-cortical regions during adolescence.
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Available evidence also suggests that positive parenting may promote, perhaps through 

parental scaffolding, the development of more mature, voluntary ER processes. This 

possibility requires longitudinal investigations of associations between normative variation 

in positive parenting behaviors and the development of inverse amygdala-PFC functional 

connectivity patterns that have been implicated in the development of ER (e.g., Silvers et al, 

2017). Consistent with this pattern, youth who experienced low levels of positive parenting 

typically showed elevated activation in regions within the salience detection network when 

processing negative emotional information, a pattern of neural activation that might reflect 

(over)arousal when trying to regulate negative emotions. Thus, parenting styles that are 

characterized by low levels of support for youth’s emotions may be associated with 

neurodevelopmental trajectories that potentially confer risk for ER problems.

Second, we also found support for the hypothesis that higher levels of negative (i.e., 

unsupportive) parenting behaviors would be associated with elevated neural responses to 

negative emotional information within the salience network. This was observed across fMRI 

tasks and parenting measures. Third, regarding the structural connectivity of ER neural 

networks, researchers suggest that negative parenting is linked to alterations in the white 

matter tracts connecting frontal and subcortical regions that have been implicated in youth’s 

emotional reactivity and regulation. Taken together, findings from our review highlight how 

incorporating neuroimaging methods to examine parents’ roles in the neural of networks 

underlying ER-related processes can deepen our understanding of the neurodevelopmental 

mechanisms that underlie youth’s socioemotional competence. The potential in leveraging 

this research to improve translational research for promoting the development of 

socioemotional competence, however, requires careful consideration of several 

developmental and methodological factors.

Assessment Considerations.

One important direction for future research is to incorporate the same level of specificity in 

measures of socialization as those used in behavioral studies of emotional development. 

Until recently, developmental affective neuroscience studies of normative variations in 

caregiving experiences have relied on rating scales measuring broad dimensions of parenting 

or parent-child relationship quality, thereby limiting the scope of our current understanding 

of how specific ESRBs can account for individual differences in the structure and function 

of neural networks implicated in youth’s emotional reactivity/regulation. There is also a 

need for parenting assessments that are suitable for indexing emotion socialization from 

infancy into late adolescence. For example, many of the observational paradigms for 

eliciting the specific parenting behaviors that have been identified in behavioral research as 

important for the early development of ER are mostly applicable to younger children. 

Recently, however, progress has been made in developing and validating laboratory 

emotional challenges that can be used with older youth to assess emotion socialization, 

including behaviors that parents engage in when adolescents are faced with a social stressor 

in the lab (e.g., speech task; Oppenheimer, Hankin, & Young, 2018). Finally, a large 

majority of research focuses on maternal behavior, leaving open questions regarding how 

associations between parenting and neural indices of youth’s ER processes might differ 

between mothers and fathers.
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Another critical measurement issue relates to the need for a systems-level understanding of 

neurobiological mechanisms supporting child/adolescent ER. Specifically, research on 

neural structure and function needs to be better integrated to elucidate the functional 

implications of variations in brain structure. Studies of youth’s ER neural networks also 

rarely include behavioral indices of youth’s ER skills or difficulties. This limits our ability to 

evaluate the hypothesis that functional activation of brain regions within neural networks 

implicated in emotion reactivity/regulation mediates associations between parenting 

behavior, emotional (over)arousal, and socioemotional adjustment in youth. In addition to 

the use of multi-level study designs, incorporating new advances in neuroimaging techniques 

that can integrate temporally-sensitive measures of emotion processing with measures of 

structural and functional connectivity could specify our knowledge of links between 

parenting and the neurodevelopment of ER processes.

Improving Ecological Validity.

Methodological constraints, notably the need to reduce movement artifacts, have 

complicated efforts to improve the ecological validity of computerized tasks used in 

affective neuroscience research. Recent studies, however, have showcased creative ways of 

increasing the ecological validity of emotionally-evocative stimuli within the constraints of 

fMRI/connectivity study designs, such as “chatroom” designs where adolescents believe that 

they are being evaluated by peers (e.g., Guyer et al., 2012) and incorporation of personalized 

stimuli from youth’s own family members and friends (e.g., Saxbe et al., 2015), to elicit 

emotional processing during neuroimaging tasks. Finally, there is a need to characterize 

parental ERSBs “in the real-world.” Coupled with established methodologies for assessing 

youth’s social environments (e.g., daily diaries, experience sampling), advances in mobile 

smartphone/passive sensing technology and machine learning data analytic approaches offer 

the possibility for researchers to deepen our understanding of ERSBs through specific 

measures of “in-the-moment” parenting across youth’s natural social environments.

Developmental Considerations: Longitudinal Designs to Inform Developmental Models.

The 1998 parental emotion socialization model not only helped researchers clarify 

socialization behaviors of interest, but also laid the groundwork for developmental origin 

and cascade models that consider how early parenting might constrain emotional 

development. A developmental affective neuroscience lens could further enrich these 

models, allowing researchers to elucidate mechanisms by which parenting might alter 

developmental trajectories. However, to date, much of the extant studies linking parenting 

behaviors to brain development assess parenting and neural structure/function at only one 

time point, which limits our understanding of how early parental ESRBs predict changes in 

ER networks. That is, use of cross-sectional designs may be contributing to contradictory 

findings observed across many studies. There are dynamic, nonlinear changes in neural 

architecture across childhood and adolescence, and the timing of these changes are typically 

region-specific. Associations between parenting and indices of brain development at a single 

time point, therefore, provide a limited understanding of the way in which parenting is 

associated with neurodevelopmental trajectories of ER-related processes. Overall, there is a 

clear need for longitudinal studies with repeated measures of brain structure, function, and 

connectivity. Such designs could also provide further insight into how the effects of various 
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ESRBs might differ across developmental periods, helping to identify potential sensitive 

periods during which neural systems might be particularly responsive to interventions that 

target parental ERSBs.

Developmental Complexity.

Consistent with the tenets of developmental psychopathology, it will also be important for 

future studies to recognize the complex, transactional nature of associations between 

parenting behaviors and neurodevelopment (Bridgett et al., 2015). For example, analytical 

tools from dynamic systems perspectives could be particularly helpful in identifying the 

reciprocal effects of parent and child/adolescent characteristics on the neurodevelopment of 

ER networks from infancy into adolescence. Second, many of the reviewed studies found 

evidence that child characteristics moderated associations between parental behavior and the 

structure/function of ER networks. This pattern of findings underscores the need for 

considerably larger samples to characterize normative variability in caregiving experiences. 

Unfortunately, existing large open-science datasets in children and adolescents currently do 

not include adequate measures of parental ERSBs, highlighting this as a key area for future 

research.

Another key moderator to consider in future work is parental emotionality. In line with 

hypotheses from Eisenberg’s (1998) model of parental emotion socialization, findings from 

a recent study demonstrate the importance of considering parental emotional expression in 

relation to parental ER. Turpyn and colleagues (2018) showed that when parents reported 

low levels of ER difficulties, parental negative emotion was unrelated to adolescent ACC or 

vmPFC activation to negative emotional stimuli, but, when mothers reported high levels of 

ER difficulties, adolescents showed increased activation in these regions. These intriguing 

findings suggest that adolescents might exhibit maladaptive, heightened activation of their 

salience and voluntary ER networks in response to negative emotional information only 
when high levels of parental negative emotion are experienced in the context of parental ER 

difficulties. They might also suggest that offspring of parents with ER difficulties may be 

more vulnerable to maladaptive processing of negative emotions, particularly in a social 

context of high negative emotion expression − possibilities that require longitudinal 

investigation.

Finally, consistent with the differential susceptibility hypothesis (Belsky & Pleuss, 2009), 

there is emerging evidence that some youth characteristics, including the functioning of their 

ER neural networks, may confer greater neural susceptibility to both maladaptive and 
adaptive parenting behaviors. For instance, it has been suggested that amygdala volume in 

girls may be better conceptualized as a marker of susceptibility that contributes to the 

development of negative outcomes in the context of negative parenting, and positive 

outcomes in the context of positive parenting (Yap et al., 2008). Other markers of brain 

development, such as heightened neural activation to negative emotional stimuli, may also 

represent susceptibility to both positive and negative parenting influences (Rudolph et al., 

2018). These markers could be clarified through longitudinal multi-modal neuroimaging 

studies that incorporate measures of structural and functional connectivity within emotional 

processing networks.

Tan et al. Page 14

Dev Psychol. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Considerations of Socio-cultural Context.

The broader social environments with which parents and youth interact also require careful 

consideration. As noted by others (e.g., Choudhury, 2009), socio-cultural variables have 

been understudied in affective neuroscience research. This gap in the literature is especially 

important to address when considering how parental behaviors might shape the neural 

systems that support children’s ER, as there is substantial evidence that cultural factors 

influence parental emotion socialization (see Cole & Tan, 2007) and youth’s developing ER 

capacity (Butler et al., 2007). Research has found that socioeconomic (SES) stress can act as 

a moderator, specifically that higher levels of maternal “positive” behaviors were linked with 

decreased growth trajectories in the amygdala for only male adolescents from economically-

disadvantaged neighborhoods (Whittle et al, 2007). Studies that include diversity in SES and 

more nuanced assessments of culture are critically needed in this research area.

Implications for Prevention/Intervention.

Findings from the present review indicate that normative parenting behaviors are associated 

with patterns of neural activation underlying emotion processing well into adolescence. 

Psychologists may be able to leverage this information to fine tune parenting interventions 

for children and adolescents. If, for example, we can provide parents with scientific evidence 

demonstrating that how they talk to their children about their emotions (e.g., coaching) is 

directly related to how their child or teen’s brain processes emotional information, parents 

and can better learn supportive socialization behaviors. This approach has gained some 

traction in education, where teachers are increasingly attempting to use neuroscience-backed 

educational strategies to enhance learning (Goswami, 2006). Similarly, psychologists may 

be able to better pinpoint which parenting strategies, during what optimal developmental 

windows, are most likely to increase children and adolescents’ adaptive recruitment of 

salience and ER neural networks and their connectivity. As suggested by Eisenberg and 

colleagues (1998), we would be poised to improve the effectiveness of our parenting and ER 

interventions with a more complete understanding of the neurodevelopmental pathways by 

which parental ERSBs are associated with the structure and function of ER-related networks 

during the preschool, school-aged, and adolescent years.
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Figure 1. Extension of parental emotion socialization model (Eisenberg and colleagues 1998).
The review examines evidence that brain structure and function during childhood and 

adolescence varies in association with a normative range of variation in parenting 

experiences. Eisenberg and colleagues highlighted emotional “overarousal” as a likely 

consequence of parental ERSBs that were not supportive of youth’s emotion experiences, for 

example parental suppression/other negative responses to child emotional expression, 

parental modeling of high negative affect, and discouragement of emotion discussion. We 

extend their model to suggest that parental ERSBs influence youth’s emotional arousal (i.e., 

youth’s emotional reactivity/regulation) via ER-related neural networks, specifically the 

structure and function of salience detection and emotional identification, voluntary emotion 

regulation (ER), and implicit ER networks. Based on findings from studies examining the 

neural substrates of emotion regulation (see Phillips et al., 2008), in terms of brain structure, 

we expect that “negative” or unsupportive parenting behaviors will be associated with 

reduced gray matter volume in prefrontal cortical regions important for voluntary ER 

processes (especially before adolescence) and enlarged gray matter volume in neural regions 

within the salience detection network. In terms of structural connectivity, we hypothesize 

reduced white matter integrity in tracts linking prefrontal and subcortical regions reflecting 

alterations to the neural architecture of the voluntary ER network in youth who experience 

higher levels of negative/unsupportive parenting. We also expect that negative/unsupportive 

parenting will be related to heightened activation of subcortical regions within the salience 
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network, as well as reduced activation in anterior regions within the voluntary and implicit 

ER networks (e.g., dlPFC and vlPFC, dACC), particularly when youth are processing 

negative emotional information. Finally, with regard to functional connectivity, we posit 

associations between higher levels of negative/unsupportive parenting and weaker inverse 

coupling between the amygdala and dlPFC/vlPFC after the transition to adolescence 
(Callaghan & Tottenham, 2016; Silvers et al., 2017). These alterations in neural structure 

and function would be observed behaviorally as increased negative emotional reactivity, ER 

difficulties, and increased behavioral problems as well as elevated risk for affective 

disorders. In contrast, “positive” and supportive parenting behaviors are thought to promote 

adaptive responses by decreasing youth’s negative emotional arousal and/or enhanced 

recruitment of PFC regions supporting implicit/voluntary ER processes. At a neural level, 

this support could occur via the modulation of youth’s neural responses to negative 

emotional information in regions within the voluntary ER neural network. As such, we 

hypothesize that positive parenting would be associated with functional activation and 

connectivity patterns reflecting less activation in the salience detection network when youth 

encounter negative stimuli. We would also expect greater integrity of white matter tracts 

between prefrontal and limbic regions (e.g., uncinate fasciculus), which could serve as the 

neural mechanism for the development of stronger inverse functional connectivity patterns 

between PFC and amygdala during adolescence.

Notes. AMYG=amygdala; OFC=orbitofrontal cortex; sgACG=subgenual cingulate cortex; 

vlPFC=ventrolateral prefrontal cortex; dmPFC=dorsolateral prefrontal cortex; rACC=rostral 

anterior cingulate cortex; dlPFC=dorsolateral prefrontal cortex; dACC=dorsal anterior 

cingulate cortex; T=thalamus.

Image of brain regions adapted from Ladouceur CD, Versace A., Phillips ML. (2015). 

Understanding the Neural Circuitry of Emotion Regulation: White Matter Tract 

Abnormalities and Psychiatric Disorder. In LJ Kirmayer, R Lemelson, & CA Cummings 

(Eds). Re-visioning Psychiatry: Cultural Phenomenology, Critical Neuroscience, and Global 
Mental Health (pp. 236–272). New York, NY: Cambridge University Press.
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