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ABSTRACT 

TOWARDS A BIOLOGICAL UNDERSTANDING OF PARENTING ACROSS 
CONTEXTS 

Claire Niehaus, Ph.D.  

George Mason University, 2021 

Dissertation Director: Dr. Tara Chaplin 

Parenting is not only essential for species survival but also has long been a 

predictor of child success across a number of social, cognitive, and psychological 

domains. Parenting—like all behaviors—is in part biologically driven. Knowledge of 

such biological underpinnings sheds light into how parenting operates—providing 

important new directions for interventions and basic science alike. With the advent of 

neuroimaging, questions of biological bases for parenting have been answered with 

greater specificity than ever before. To date dozens of studies have been published on the 

neural correlates of parent responses to children, though a comprehensive quantitative 

review of this literature is lacking. Thus, Study 1 of this dissertation was a meta-analysis, 

using activation likelihood estimation, of all existing neuroimaging studies (N=59) of 

parent responses to children to identify possible neural networks involved in caregiving. 

Further, this study examined variations in the neural networks as a function of parent 

gender, child age, child negative as compared to other emotion, and own child stimuli as 
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compared to another child’s stimuli. Results revealed coordination of emotional arousal, 

reward, social cognitive, and sensorimotor brain networks across studies. However, one 

of the most important gaps identified in this study was the absence of neuroimaging 

studies with parents from diverse backgrounds or contexts with heightened environmental 

stressors (e.g. poverty, discrimination). Therefore, building on this foundation, Study 2 of 

this dissertation was a fMRI pilot study of 16 first generation Latinx mothers of a 10-14 

year old adolescent. This study examined the neural correlates of parenting in a group 

that has not been studied previously and a group that is disproportionately affected by 

threat of deportation/immigration stress, poverty, and limited access to mental health care 

but a group that also has a variety of unique cultural strengths. Mothers were scanned 

using fMRI while looking at videos of their own child in a parent-child discussion as 

compared to another age, gender, and ethnically matched child. Results from this study 

revealed engagement of similar networks to the overall meta-analysis (social cognition, 

sensorimotor) with a particular emphasis on empathy related networks as underpinning 

parent responses to their child in Latinx mothers and parent responses when their child 

had heightened psychological symptoms (externalizing symptoms). Networks involved in 

fear and pain responses were found to underpin harsh/inconsistent parenting. Networks 

involved in motor coordination, which may represent a certain physical hypervigilance or 

“on edge feeling”, were related to both heightened immigration stress and heightened 

harsh/inconsistent parenting, suggesting the brain as a possible pathway from unique 

stressors to parenting behaviors. Implications of such findings and directions for future 

research are discussed.
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BACKGROUND 

Parenting—or behaviors involved in taking care of one’s child—is central to 

species survival, occurs across species, and predict child outcomes longitudinally across a 

multitude of domains (Amato & Fowler, 2002; Belsky, 1984). Thus it is important to 

understand predictors of this instrumental process including not only behavioral 

predictors but also biological predictors, given that like all behaviors, parenting is in part 

biologically driven (Willingham & Dunn, 2003). Fortunately, with recent advances in 

neuroimaging, insights into the brain bases of parenting have rapidly expanded within the 

past 15 years. While self-report data remains the gold standard for assessing thoughts and 

subjective emotional experiences (Shuler & Bear, 2006), neuroimaging provides 

scientists with a window into the mechanisms of behavior that was previously not 

possible (Wager, 2006). Indeed, such advances have allowed scientists to characterize the 

neural phenotype of parenting through dozens of studies and reviews directly testing the 

brain processes involved in parents responding to their child or another child (e.g Kim, 

Strathearn & Swain, 2016; Swain & Lorberbaum, 2008).  

Typically, such literature finds a coordination of parent brain responses in 

emotional arousal and regulation, reward/motivation and social cognition or reflexive 

caregiving related networks (e.g. periaqueductal gray, precuneus, cingulate gyrus) in 

response to child stimuli (Barret & Fleming 2011; Bartels & Zeki, 2004; Kim et al., 2016; 
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Leibenluft, Gobbini, Harrison & Haxby, 2004; Seifritz et al., 2003; Swain, Rosenblum, 

Morelen, Dayton & Muzik, 2017; Venuti, Caria, Esposito, Pisapia, Bornstein, & de 

Falco, 2012). Importantly, activation in these networks, and changes to these networks 

through intervention, are associated with observed and reported parenting behaviors 

(Atzil, Hendler, & Feldman, 2011; Elmadih, Wan, Downey, Elliot, Swain, & Abel, 2016; 

Morgan et al., 2015; Musser, Kaiser-Laurent, & Ablow, 2012; Swain et al., 2017; 

Turpyn, Niehaus, Faundez, Thompson, & Chaplin, 2019). These findings support and 

integrate theories that effective caregiving requires emotion regulation to regulate strong 

negative emotional responses to child behavior, motivation to attend to one’s child, and 

social salience of one’s relationship with their child (Amodio & Frith, 2006; Dix, 1991; 

Abidin, 1992). This information from neuroimaging has informed our knowledge of the 

mechanisms of parenting behavior with important implications for how we understand 

and intervene on parenting.  

However, with the number of neuroimaging studies of parenting on the rise, there 

are still two key gaps in this literature that the present dissertation addresses. The first gap 

is the need for a quantitative summary of this literature which has been narratively 

reviewed several times to date (Kim et al., 2016; Swain & Lorberbaum, 2008, Swain, 

Kim, Spicer, Ho, Dayton, Elmadih, & Abel, 2014; Swain, Konrath, Brown, Finegood, 

Akce, Dayton, & Ho, 2012; Swain, Lorberbaum, Kose, & Strathearn, 2007). In contrast 

to narrative reviews that summarize across studies using often inconsistently defined 

anatomical labels, a quantitative review offers data-driven convergence across studies in 

a shared space and characterize a “parenting-related neural network.” Consequently, 



3 
 

Dissertation Study 1 conducted the first meta-analysis of all neuroimaging studies of 

healthy parent’s responding to children.  

Secondly, this literature has a dire lack of diversity in parents—with nearly all 50 

plus neuro-imaging studies of parents featuring majority white samples—which is 

problematic for a multitude of reasons. For one, while many psychological interventions 

target parenting to improve child outcomes, ethnic minority parents have lower treatment 

seeking, higher treatment drop out, and lower access to quality services (Haack, Gerdes, 

& Lawton, 2014; Miranda, Azocar, Organista, Muñoz, & Lieberman, 1996). In sum, 

family interventions have not served ethnically diverse families well and a lack of basic 

science research on what contributes to parenting in diverse populations may be part of 

the problem. Moreover, neuroimaging research, specifically, is needed because even if 

parenting were behaviorally similar across ethnic groups, the neural mechanisms of those 

behaviors may differ, as is seen for other topics in the neuroimaging literature. 

Knowledge of the correct mechanism of parenting in this population would be important 

for interventions, which often target mechanisms of behavior change (e.g. widespread 

RDOC initiatives from NIH; Insel et al., 2010) such as improved emotion regulation, to 

produce symptom reduction.  

As one step towards understanding the neural correlates of parenting in more 

diverse groups, the present dissertation specifically looks at recently immigrated Latinx 

parents, acknowledging that work in other diverse groups is also direly needed. However, 

given the current stressors on many Latinx families (e.g. deportation threats), low access 

to culturally sensitive mental health care in Latinx communities, and the dearth of 
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research on Latinx parenting, this group may be an important starting point towards 

understanding the neurobiology of parenting in diverse groups (Haack et al., 2014). 

Consequently, Dissertation Study 2 collected and analyzed fMRI data on first 

generation Latina mothers’ neural responses to child stimuli. This study examined 

overall brain network activation and to what degree this neural phenotype can be 

explained by particular environmental factors (e.g. stressors and protective factors). 

Lastly, this study examined how that neural phenotype relates to parenting. We take a 

multimodal approach in an effort to better understand both the biological and behavioral 

factors related to parenting in this group and ultimately the effect it has on children.  
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STUDY 1: A COMPREHENSIVE META-ANALYSIS OF PARENT NEURAL 
RESPONSES TO CHILDREN 

Parenting is foundational to survival, with its widespread impacts on offspring 

health and behavior far outreaching the period of time in which offspring receive direct 

care. Indeed, in humans, adaptive parenting predicts a broad range of psychological and 

physical outcomes across the developmental span (Amato & Fowler, 2002; Belsky, 

1984), with adaptive parenting—characterized by high parent support and involvement 

and low harsh discipline— longitudinally linked to better child social competence, mental 

health, physical health, and academic achievement in toddlerhood (Klein et al., 2018; 

Lengua & Honorado, 2007), school age (Belsky et al., 2007; Bronstein et al., 1996; 

Hosokawa & Katsura, 2017), adolescence (Eisenberg et al. , 2005; Lansford et al. 2014), 

and adulthood (Aquilino & Supple, 2001; Murray et al. 2015). 

Extant literature over the past several decades has sought to understand predictors 

of this instrumental behavior, recently turning to biological predictors of parenting, given 

that parenting is in part biologically driven (Collins et al., 2000). Recent advances in 

neuro-imaging, with the advent of functional magnetic resonance imaging (fMRI), have 

allowed scientists to answer these questions with greater specificity than ever before. 

Seminal studies examining parent neural responses to one of the most powerful child 

cues, infant cry, laid the foundation for nearly two decades of exploration into the neural 

bases of parenting behavior. Such mechanistic knowledge could inform basic scientific 

and conceptual knowledge of parenting and the development and refinement of 

parenting-focused family interventions. However, with fMRI studies of parental 
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responses to child stimuli resulting in somewhat variable findings across studies and with 

those studies being small and possibly under-powered to detect effects, the question 

remains: does neural activation in parents converge reliably on common networks?  

With the number of studies and narrative reviews climbing, this field is in need of 

comprehensive quantitative review to 1) highlight key patterns of parent neurobiological 

function across studies and 2) examine how these correlates vary across key study factors 

(such as child stimulus type, child emotion type expressed, child age, and parent gender). 

While existing narrative reviews are important for synthesizing this burgeoning literature, 

they are limited by inconsistently defined anatomical regions and differing thresholds for 

significance across studies making it difficult to draw consistent conclusions. In contrast, 

the current quantitative review offers data-driven convergence across all studies of parent 

responses to children in a shared space and characterize patterns of parent 

neurobiological function. This study also builds on a recent meta-analysis that focused on 

parent brain responses to infant cry stimuli only by exploring all available studies of 

parent responses to any child stimuli including both parents of infants and older children 

and examining differences in brain correlates based on various study characteristics 

(Witteman et al., 2019). The present series of meta-analyses is the first to review all fMRI 

studies that examine parent neural responses to child stimuli, given that responding to a 

child is the basis of parenting behaviors. For example feeding, clothing, disciplining, and 

supporting or praising a child all require parental responding to child cues in some way.  

We first briefly describe theories of parenting (and the components of adaptive 

parenting). Next, we describe the potential neural bases for the components of adaptive 
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parenting outlined by parenting theories and research evidence for these neural systems. 

Moreover, we describe the measurement of parental neural responses in the literature. 

Finally, we briefly review research on key study variables that may influence findings: 

including parental responses towards one’s own child versus general responding to any 

child, parental responses to child emotion, and parental responses across infants and older 

children and across mothers and fathers.  

Theoretical Models of Parenting 

There have been several theories of what comprises adaptive parenting. 

Generally, theories agree that parenting that is high in warmth, sensitivity, and 

involvement and low in harshness or inconsistency is most adaptive for child 

psychosocial and developmental outcomes (Amato & Fowler, 2002; Belsky, 1984).  

One major parenting theory is attachment theory, which explains how parent-

infant bonds arise and influence subsequent social, emotional and cognitive development. 

Starting in infancy, parents and their child form different types of attachment with the 

most desirable type generally being a secure attachment. Here, the child views the parent 

as a secure base to explore the world and grows distressed when the parent leaves, but is 

able to self soothe (Ainsworth et al., 1978; Bowlby, 1969). Parenting behaviors thought 

to facilitate a secure attachment are those that are high in responsivity to the child’s needs 

making the child feel safe and secure. These attachment styles with one’s parent are 

thought to continue from infancy throughout the child’s life course (Ainsworth et 

al.,1978).  
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Another foundational theory of parenting is Baumrind’s theory of parenting styles 

which similarly posits that in general, parenting that is characterized by high levels of 

involvement/demandingness and warmth (known as authoritative parenting style) is 

optimal for child outcomes, particularly in White families (Baumrind, 1967; Rudy & 

Grusec, 2006). Baumrind’s initial work, for example, found that preschool-aged children 

who were the most self-reliant, self-controlled, and content had parents that used this 

authoritative style (Baumrind, 1967).  

Other theoretical models of parenting have noted the effects of harsh or neglectful 

parenting on poor child outcomes. For example, Patterson’s coercive cycles theory posits 

that parenting that is high in harsh or inconsistent discipline and low in parent 

involvement leads to child problem behaviors and delinquency (Patterson, 2002). He 

posits that parents may socialize antisocial behavior through their harsh and inconsistent 

parenting behaviors.  

Across these theories, predominantly in White families, there are several 

parenting behaviors relate to better child adjustment including high warmth and high 

parental involvement. And there are some parenting behaviors, again predominantly 

based on research in White families, that relate to poorer child adjustment including harsh 

or inconsistent parenting. 

Conceptual Models of Underlying Components of Parenting 

While theories of parenting agree that warmth, parental involvement, and low 

levels of harsh parenting are relates positive child outcomes, the question remains as to 

the underlying processes that support or contribute to these behaviors. Several conceptual 
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models have sought to address this question (e.g. Swain et al., 2014). Parenting overall is 

theorized to rely on the coordination of several processes including emotion (arousal and 

regulation), reward (sometimes referred to as motivation), and social cognition or 

mentalizing (e.g. empathizing, perspective taking, theory of mind ), as well as some 

sensorimotor processes (sometimes referred to as embodied simulation). In regard to 

emotion-related processes, in order to sensitively attend to one’s child, it is imperative 

that a parent be able to respond to normative child behaviors in a way that is calm and not 

too emotionally reactive. Parents who have a high level of negative emotional arousal 

and/or an inadequate ability to down-regulate negative emotions are more likely to react 

to child behaviors (such as a child whining) with harsh and/or inconsistent parenting 

behavior (Dix, 1991). These harsh/inconsistent parenting behaviors are related to adverse 

child socioemotional and developmental outcomes (Chang et al., 2003). On the other 

hand, parents who show some level of emotional arousal to make them attentive and/or 

strong emotion regulatory capacities when interacting with their child may be more likely 

to parent in warm ways that are related to positive child outcomes (Morris et al., 2007).  

Related to this, reward processing is another key component to parenting. In order 

to avoid negligent or uninvolved parenting and to increase warm parenting, it is important 

for a parent to find their child rewarding. Feelings of high reward when interacting with 

one’s child helps caregivers to be motivated to attend to their child. For example, if a 

child was showing delight at a new toy, it would be important for the parent to find that 

rewarding to attend to so that the child does not feel neglected. But also, when a parent 

sees their toddler having a temper tantrum and throwing things, it would be important for 
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the parent to be motivated to attend to the child so that they could remove sharp items 

from the area and soothe the child. 

Additionally, the parent-child relationship is at its core a social relationship that 

requires recognizing social cues and responding accordingly. For instance, being oriented 

towards a child’s facial expressions and postural cues and being able to mentalize the 

child’s thoughts and needs enables parents to respond sensitively and warmly to meet the 

child’s needs. In particular, for a parent to be optimally effective, it may be particularly 

important for social cognitive processes to be amplified in response to their own child 

rather than other children. Otherwise, if many children are present the parent would 

attend to all children equally and their own child would be unlikely to get his or her needs 

met. Similarly, being able to recognize and respond to one’s own child’s negative 

emotion (e.g. crying in infancy, irritability in adolescence) is thought to be particularly 

central to parenting behavior and child outcomes and has been the focus of much of the 

literature on parent responses to child emotion (Eisenberg et al., 1998; Fabes et al., 2001). 

It may be that attending and responding to a child’s negative emotions in particular could 

lead to more sensitive caregiving since children may need their parent’s assistance most 

urgently in times of distress.  

Lastly, parent sensorimotor functions are important for parenting because it 

requires recognition of the child’s sensory cues and parental response to those cues which 

often involves movement and coordination of multiple senses (Swain et al., 2014). For 

instance, a parent needs to be able to recognize a child’s facial and vocal cues of emotion, 

such as hearing or seeing them cry, which requires visual and auditory processing, and an 
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ability to move towards meeting the child’s needs, such as by reaching for a bottle, which 

necessitates coordinated movements and sensory processing on the parent’s part.  

In sum, processes involved in emotion, reward, social cognition, and sensorimotor 

processes that coordinate especially in response to one’s own child’s emotions are 

essential for adaptive caregiving. 

Neural Processes Associated with Components of Parenting  

The neuro-imaging literature on parents broadly responding to some type of child 

stimuli supports the theory that emotion-related, reward, social cognitive, and 

sensorimotor processes are key components of parenting and reflected in parent 

neurobiology (e.g. Numan & Insel, 2003). These neuro-imaging studies use a variety of 

related paradigms to examine parent responses to infant, child, or adolescent stimuli. 

Most studies investigating neural activation in parents use paradigms that involve the 

parent viewing or listening to child stimuli. This makes sense in that parents responding 

to children (and in particular to their own child) represents a core basis of parenting 

behavior. Studies of parent responses to child stimuli have specifically used three 

paradigms: audio clips of children, photographs of children, or videos of children. These 

three types of paradigms are reviewed in more detail in the “Measurement of Parent 

Responses to Child Stimuli” section. Figure 1 also summarizes general brain activation 

patterns found in previous parent neuro-imaging studies that are outlined below.  
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Figure 1. Proposed Patterns of Parent Neural Function 
 
 
 
Emotion	Processes		

First, neuro-imaging studies of parental responses to child stimuli often find 

activation in networks associated with emotional arousal or salience (e.g. Posterior 

Cingulate Cortex (PCC), Amygdala, Hypothalamus, Periaqueductal Gray (PAG), 
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Hippocampus, Posterior Insula, Superior Temporal Gyrus (STG)) when responding to 

child stimuli. These networks support parents’ abilities to react emotionally to their child. 

Secondly, studies often find parent activation in networks associated with emotion 

regulation or emotion processing (e.g. ventrolateral and dorsolateral Prefrontal Cortex, 

medial Prefrontal Cortex (vlPFC, dlPFC, mPFC), Anterior Cingulate Cortex (ACC)). 

These networks support ability to modulate heightened emotional arousal and may allow 

parents to down-regulate negative emotional arousal in order to respond sensitively.  

Reward	Processes	
Some studies also often find that parents activate networks involved in reward 

processing (e.g. Nucleus Accumbens (NAcc), Striatum (e.g. Caudate and Putamen), 

Hippocampus, PAG, Orbitofrontal Cortex (OFC), Substantia Nigra (SN)) in response to 

child stimuli. These regions support the processing of motivation, aversion, and reward 

and are central to reward learning and memory (Salamone et al., 2015; Schmelzeis & 

Mittleman, 1996; Wenzel et al., 2015). Activation in these networks in response to child 

stimuli may support parents’ ability to experience heightened joyful thoughts about their 

child and orient towards the child’s needs. Indeed, in the transition to parenthood, parents 

often express that they are “falling in love” with their child (Leckman & Mayes, 1999) 

and these striatal and para-limbic regions are activated in studies of monetary reward and 

other social rewards, such as viewing a loved one (Halko et al., 2017; Knutson et al., 

2001).  

Social	Cognitive	Processes		
Many studies also find that parents activate networks related to social cognitive 

or mentalizing processes (e.g. Precuneus, Anterior Insula (AI) and Inferior Frontal Gyrus 
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(IFG), Temporal Parietal Junction (TPJ), STG and Superior Temporal Sulcus (STS)) 

when viewing or listening to child stimuli. These regions respond to processing own and 

other pain and have been tied to empathy, as well as related to self-referential processing 

in some cases (Bernhardt & Singer, 2012; Feldman, 2015). These regions support 

parents’ empathy for their child and social processes used to assess the child’s cues and 

act accordingly.  

Sensorimotor	Processes		
While sometimes less emphasized in narrative reviews, some studies also find 

activation in networks involved in sensorimotor function (e.g. Inferior Parietal Lobe 

(IPL), and Supplementary Motor Area (SMA), or the Precentral Gyrus at large (which 

includes the SMA), Thalamus, STG, and Superior Frontal Gyrus (SFG)), involved in 

embodied simulation of a child’s movements or sensorimotor processing in general. 

These regions may support parents’ motor responses to the child’s actions and cues 

(Feldman, 2015; Rizzolatti & Craighero, 2004).  

Summary 

In sum, while some studies do not find all of the above networks involved in 

parent neural responses to child stimuli, they generally find conserved activation in many 

of the circuits serving emotion, reward, social cognitive, and sensorimotor functions. 

Notably, these networks overlap in many ways (e.g., some regions fall into more than one 

domain such as PAG, Hippocampus and STG) and serve many functions that collectively 

provide a basis for parenting. This activation also relates to behavioral measures of 

parenting such as observed or reported parental support or discipline. For instance, higher 

activation in some regions associated with emotional arousal (e.g., Amygdala) to child 
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stimuli are related to more harsh parenting in parents of infants (Atzil et al., 2011; 

Laurent & Ablow, 2012). On the other hand, some studies, find that higher activation in 

regions associated with emotion regulation (PFC), reward (NAcc), and social cognition 

(STG) to child stimuli are related to more positive parenting, including sensitive and 

supportive parenting behaviors in parents of infants and adolescents (Morgan et al., 2015; 

Musser et al., 2012). Thus, brain-behavior associations for parenting have been 

established in many studies highlighting the importance of understanding brain predictors 

of parenting.  

Measurement of Parent Responses to Child Stimuli  

As stated above most studies investigating neural activation in parents use three 

types of paradigms, consisting of audio, video, or photos of children. These three types of 

paradigms are detailed here.  

Many of the studies used infant cry paradigms in which the parent listened to 

either their own child’s cry or a standardized infant cry compared to pitch-matched 

control sounds. These represent strongly controlled and internally valid paradigms. Infant 

cry paradigms were the initial experiments in this field, beginning with Lorberbaum’s 

original infant cry paradigm in 1999. From this foundation, related paradigms that used 

visual rather than auditory stimuli of children emerged. 

Many of the visual studies used photographs of the children. For instance, Barrett 

and colleagues (2012) had parents look at images of their infant in which the infant was 

showing positive (e.g. smiling, cooing) and negative emotion (e.g. crying, fussing). 

Lastly, the most recent type of paradigm which has increased external validity though 
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decreased internal validity, features parents viewing videos of their child in some 

naturalistic task (such as a parent-child discussion). For example, Elmadih and colleagues 

(2016) had parents of infants view 20 second clips from a play task with their child 

during which the child was expressing negative emotion (crying), positive emotion 

(smiling) and neutral emotion (no emotion cue). All of these paradigms probe important 

aspects of parenting, and the differences across studies provides helpful information 

about how parent neurobiological function may diverge across different situations, and 

perhaps even more interesting, what remains the same across these varied situations.  

Key Study Factors That May Influence Findings 

Child Status (Own vs. Other) and Child Emotion Type  

Theory	
 There are a few factors that may change parent’s neural response to child stimuli. 

The first is whether the child is their own or another child. Viewing one’s own child may 

be particularly arousing for all of the above systems, including emotion, reward, social 

and sensorimotor systems, because evolutionarily one’s child would need to be salient for 

a parent to respond to their child rather than every child in their environment. 

Additionally, most parents spend a large amount of time with their child and are therefore 

more likely to be in tune with their child’s needs compared to the needs of other children.  

Moreover, viewing child negative emotion (versus a child showing neutral or 

positive emotion) may also be a particularly salient task for parents given that viewing a 

child in distress can be upsetting to a parent who may empathize with the child. Thus, we 

might expect higher activation to negative child emotion than to neutral or positive child 

emotion, perhaps particularly in emotional arousal and regulation and social cognition or 
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mentalizing networks. Evolutionarily, if a parent does not respond to their child in 

distress (or is not ready to react to any child in distress), they may not know that their 

child is in danger. Indeed, behavioral literature finds that how parents respond to their 

child’s negative emotions in particular, can bear important consequences for child 

outcomes (Eisenberg et al., 1998; Fabes et al., 2001). 

Empirical	Findings	
 Many studies have examined the neural responses of parents responding to their 

own biological child versus another child (in some cases a familiar child and in some not) 

to elucidate differences at the neural level. These studies generally find that in response 

to audio, photos or videos of children expressing negative or neutral emotion, there is 

greater activation in parenting-related networks, such as reward-related regions (Caudate, 

Putamen) and emotion-related or fronto-cingulate regions (Insula, IFG, OFC, ACC), to 

one’s own child compared to another child (e.g. Bartels & Zeki, 2004; Bornstein et al., 

2017; Elmadih et al., 2016; Kuo et al., 2012; Leibenluft et al., 2004; Ranote et al., 2004). 

Similarly, studies that compare parent’s neural responses to negative compared to neutral 

or positive emotion (e.g. infant cry > control, negative child pictures > neutral or positive 

pictures) tend to find greater activation in frontal and temporal regions involved in 

parenting broadly when parents respond to child negative emotion (Kim et al., 2009; Li et 

al., 2017; Li et al., 2018; Lorberbaum et al., 2002; Seifritz et al., 2003). This suggests that 

the parent neurobiology may be especially sensitive to one’s own child and negative 

emotions, providing a foundation for parents to sensitively respond and alleviate the 

stressor the child is facing. However, a meta-analysis of the available data is needed to 

clarify these relationships across studies objectively.  
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Child Age 

Theory 

While many of the processes involved in parenting are consistent across 

development, different developmental stages call for different parenting strategies to 

meet the needs of the child. Belsky (1984) asserts that high parental sensitivity is 

consistently adaptive for positive child outcomes across development. However, he also 

argues that parent socialization goals change across child development, leading to 

different parenting behaviors. In infancy, a parent needs high levels of attention and 

responsive caregiving to promote the child’s basic needs. In the preschool years, parents 

need to use high levels of nurturance and control to help their child engage well with their 

peers and keep them safe. In the school-age years, parents need to use more reasoning 

and consistent discipline to teach the child about prosocial behavior and encourage school 

achievement. Then, in adolescence, parents may use less restrictive rules while staying 

involved to help the adolescent develop autonomy (Belsky, 1984).  

In terms of brain underpinnings of parenting, for parents with infants there may be 

more engagement of primitive structures, such as the brain stem and temporal reward 

regions, that allow the parent to attend to the infant and care for their child’s basic needs. 

As infants grow into toddlers, who have elevated negative emotional expression 

(Partridge & Lerner, 2007), it may be important for parents to engage emotional arousal 

and regulation regions to maintain consistent and warm parenting. Parents may then 

begin to engage more social cognitive regions when their child is of school age (and 

through adolescence) to teach prosocial behaviors. And in early adolescence parents may 
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engage emotion regulation regions as in toddlerhood, when their adolescents have an 

uptick in emotionality (Buchanan et al., 1992). It is also possible that, in general, 

engagement of brain to infant distress cues may be the most heightened given the 

complete reliance of the infant on the parents to get their needs met and survive. This is 

also a time in which parental caregiving hormones, including oxytocin, are high, 

orienting the parent towards caring for their new infant and increasing the infant’s chance 

of survival (Gordon et al., 2010).  

Empirical	findings	
 Interestingly, while parenting would intuitively need to change in some ways 

across child development to meet the changing needs of the child, no neuro-imaging 

studies have made direct comparisons of the neural correlates of parenting at different 

stages of child development. This makes it difficult to know if the neural correlates 

change across child development. However, in comparing separate studies that look at the 

neural correlates of parenting at different developmental stages, many of the regions 

involved in parenting are consistent across time. In studies of parents of infants, middle 

childhood, and adolescence, emotion, reward, social cognition, and sensorimotor-related 

regions emerge when parents respond to child stimuli (Bartels & Zeki, 2004; Leibenluft 

et al., 2004; Morgan et al., 2015; Turpyn et al., 2019). Therefore, there may be more 

similarities than differences, but a direct comparison of neural correlates at different 

stages of development is necessary to test this.  
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Parent Gender 

Theory	
Previous literature on the neural correlates of parenting has primarily focused on 

mothers given that traditionally, mothers are more likely to be the primary caretaker for 

children (Hodkinson & Brooks, 2018) than fathers. However, with parenting 

responsibilities becoming more equally distributed across mothers and fathers and with 

the mounting evidence of the importance of fathers for positive child development 

(Martin et al., 2010; Lamb & Lewis, 2010; Shannon et al., 2002), more studies are 

examining the processes involved in fathering and the ways in which mothering and 

fathering may differ. Importantly, very little research so far has explored these processes 

in same sex partners, although this is an important future direction; thus, we will focus on 

the existing evidence with mostly heterosexual parents.  

Role theory is an early theory of differences in parenting between mothers and 

fathers, which posits that mothers are socialized to be caregivers whereas fathers are 

socialized to be disciplinarians and providers. This theory states that because of this 

socialization fathers may have a more authoritarian style with children than mothers 

(Hosley & Montemayor, 1997). Indeed, in some studies, fathers do report themselves as 

more authoritarian and less permissive than their female spouse (Winsler et al., 2005). 

Other research has also noted that, perhaps due to gender role socialization to be 

nurturing, mothers may focus more on emotional aspects of caregiving (e.g., comforting 

the child), whereas fathers may focus on caregiving through play (Grossmann, 

Grossmann, Kindler, & Zimmermann, 2008). Indeed, mothers report themselves as more 

nurturing (Bentley & Fox, 1991) and observationally are more involved in emotional 
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aspects of caretaking than fathers who are more involved in play (Lamb & Lewis, 2010; 

Paquette, 2004).  

Empirical	findings	
Because of this behavioral research, we might expect that the neural correlates of 

parenting in mothers and fathers may have differences in emotion arousal regions (or 

maybe also social-cognitive regions, which are involved in empathy), allowing mothers 

to express more nurturing behaviors. Only two studies have actually directly compared 

the neural correlates of parenting in mothers compared to fathers of infants. They found 

that mothers had heightened amygdala activity compared to fathers and fathers had 

heightened cortical activity in social cognition or mentalizing areas (e.g. STS) than 

mothers in response to infant cry (Atzil et al., 2012; Seifritz et al., 2003); however, they 

did not find parent gender differences in activation in other regions, including those in 

emotion regulation, reward, or sensorimotor networks.  

Two narrative reviews by Feldman and colleagues (2019) and Swain and 

colleagues (2014) on the neural correlates of human fathering highlight that many of the 

same regions involved in mothering are present when fathers respond to their child in 

fMRI studies. For instance, fathers exhibited activation in emotional arousal regions (e.g., 

Amygdala, Hypothalamus), reward or motivation-related regions (e.g., Caudate), social 

cognitive networks (e.g., Anterior Insula (AI)/ Inferior Frontal Gyrus (IFG), OFC), and 

sensorimotor networks (e.g., IPL, SFG, SMA) in response to child stimuli, and these 

patterns were associated with parenting behavior (Atzil et al., 2012; Feldman, 2015; 

Mascaro et al., 2014; Seifritz et al., 2003). Similar to mothers, the activation in these 

networks was also heightened for fathers in response to their own child as compared to 
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another child in many studies (e.g. Ventral Tegmental Area (VTA), OFC) (Abraham et 

al., 2014; Feldman 2015; Swain et al., 2014; Rilling & Mascaro, 2017; Kuo et al., 2012). 

Nonetheless, research comparing mothers and fathers is at its infancy and more direct 

comparisons are needed.  

The Current Study 

Given the remaining uncertainties in this literature, the current study is the first to 

systematically review the literature for all fMRI studies that examine healthy parent 

neural responses to child stimuli (< 18 years of age) and conduct a coordinate-based 

meta-analysis using Activation Likelihood Estimation (ALE). This will provide much 

needed answers on the most consistent correlates of parent neurobiological function in 

the literature with implications for basic science and intervention research alike. We then 

explored these coordinates further by conducting sub-meta-analyses based on the 

following study factors: (1) child status (own child versus other child), (2) child emotion 

type (child negative emotion compared to positive or neutral emotion), (3 and 4) child 

age (infant versus older child), and (5 and 6) parent gender (mother versus father) and 

conduct conjunction analyses of activation for the last two sub-meta-analyses to look at 

significant differences between the two brain maps.  

Hypothesis 1: Overall Meta-analysis 

 We expect that our overall meta-analysis of parent responses to child stimuli to 

reveal convergence across studies in areas most frequently emphasized in narrative 

review, including networks related to emotional arousal (e.g. Posterior Cingulate Cortex 

(PCC), Amygdala, Hypothalamus, Periaqueductal Gray (PAG), Hippocampus, Posterior 
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Insula, Superior Temporal Gyrus (STG)), emotional regulation (Prefrontal Cortex, ACC), 

reward (NAcc, Caudate, Putamen, Hippocampus, PAG, OFC, SN), social cognition or 

mentalizing (Precuneus, AI/IFG, TPJ, STS), and sensorimotor processes (IPL, SMA, 

Precentral Gyrus, Thalamus, STG, SFG).  

Hypothesis 2a: Sub Meta-analysis 1&2 

We expect that one’s own child and child negative emotion will similarly elicit 

greater activation in these networks.  

Hypothesis 2b: Sub Meta-analysis 3&4 and Conjunction Analysis 

There are no direct comparisons of parent neural responses to infant stimuli 

compared to older children stimuli in the literature. Yet, based on our theoretical model, 

we hypothesize that parents of infants will recruit more emotional arousal networks than 

parents of older children and parents of older children may recruit more social processing 

and emotion regulation networks. Alternatively, it is possible that all networks will 

respond more strongly in parents of infants compared to parents of older children, given 

that parental resources may be particularly needed during infancy when the child is 

particularly vulnerable to threat.  

Hypothesis 2c: Sub Meta-analysis 5&6 and Conjunction Analysis 

 We also expect that mothers and fathers will activate similarly in response to 

child stimuli consistent with Feldman (2017, 2019) and Swain’s (2014) research, but 

perhaps that mothers will have higher activation in regions related to emotional arousal 

and fathers may have higher activation in regions related to social cognition or 

mentalizing consistent with previous studies.  
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Method 

Study Selection 

First, studies were selected using a standard search in PubMed and PsychInfo 

with terms parent*, mother, father, paternal, maternal, caregiv*, in combination with 

fMRI, functional MRI, functional magnetic resonance imaging, PET, Positron Emission 

Tomography, neuro-imaging and infant, baby, child, youth, or adolescent. We also 

scanned references from existing narrative reviews and included studies that met our 

inclusion criteria. To reduce the file drawer bias, we contacted authors who publish often 

in this field to ask if they had any unpublished data meeting our inclusion criteria and 

obtained 3 studies this way. We also included studies that had our data of interest, but not 

as the focus of their study. For example, a number of studies included healthy parent 

brain activation coordinates to child stimuli as part of supplementary materials. A number 

of studies also looked at healthy parent brain activation without intervention as a control 

condition to their parent group of interest and in this case, we included the control group 

if they were analyzed separately (e.g. Wittforth-Schardt et al., 2012). 

Studies were included if they met the following 5 inclusion criteria:  

1) an fMRI or PET study. 

2) Scanned healthy parents (no psychiatric diagnosis; to look at parent 

neurobiology in typical samples).  

3) Scanned parents of children without a developmental or physical disability (to 

look at parent neurobiology in typical samples).  
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4) The paradigm examined parent neural response to some child (<18 years old) 

stimuli (own child [could be biological or adopted child] or other child to probe the 

parental response to child) (notably, there were a few that examined responses to adult 

emotional stimuli, but we excluded these because we were focused on neural responses 

that would have an impact on parenting).  

5) Reported a whole brain analysis of parent neural responses to child stimuli as 

coordinates in a standard reference space (Talaraich/Tournoux or Montreal Neurological 

Institute (MNI)). Studies using single subject reports or region of interest analyses or 

those that did not image the entire brain were excluded.  

We reviewed a total of 5,290 studies and based on these criteria, identified 36 

eligible studies, including 59 experiments/contrasts (some studies included more than one 

contrast that met inclusion criteria). Notably, all experiments used fMRI and we did not 

find any studies that used PET. Studies were coded for study variables by one researcher 

and 20% of the studies were double coded by an independent researcher. Percent 

agreement between coders was 98.6% complete agreement. 

Studies were coded for whether they contained a contrast looking at own child 

expressing any emotion compared to another child expressing any emotion (N=36 

experiments) by one researcher and checked by a second researcher. In this category, 

experiments mostly examined the parent’s activation to their own child expressing all 

emotions (positive, negative and neutral) versus other child expressing all emotions. 

Other experiments examined own child expressing neutral emotion compared to other 

child expressing neutral emotion, own child positive emotion compared to other child 
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positive emotion, or own child negative emotion compared to other child negative 

emotion, with one experiment examining the parent’s own child expressing positive and 

negative emotion compared to another child expressing positive and negative emotion. 

Studies were also coded for bias and quality by two independent raters with 30% double 

coded and a moderate kappa (k=.73), consistent with PRISMA guidelines (Liberati et al., 

2009). We used the National Heart, Lung, and Blood Institute Study Quality Assessment 

Tools (National Institutes of Health, 2018), with three added questions specific to neuro-

imaging regarding whether the study corrected for motion, corrected for multiple 

comparisons, and had a study sample size in the lower, middle, or top third or all studies, 

all important to reduce noise and false positives for neuro-imaging research quality 

(Poldrack et al., 2008). Based on these ratings, studies were then classified as poor, 

moderate, or good quality meaning their quality ratings were in the lower, middle, or top 

third of all included studies (National Institutes of Health, 2018) and these classifications 

are included in Table 1. 
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Table 1. Included Studies and Characteristics 
Study N Child 

Age 

Range 

(in 

months) 

Study 

Quality  

Classificatio

n 

Paradigm Total # 

Experiments 

Included 

 

 

Experiments included in 

      Own-

Other 

Neg-

Other 

Father Mother Infant Non-

Infant 

1. Firk et al., 2017 26 5-8 Good Infant Cry (audio) 1  1  1 1  

2. Bornstein et al., 2017 43 Avg 

=5.40*  

Poor Infant Cry (audio) 1  1  1 1  

3. Elmadih et al., 2016 30 7-9 Moderate Child Emotional 

Videos 

1 1   1 1  

4. Hipwell et al., 2015 76 2-8 Moderate Infant Cry (audio) 1 1   1 1  

5. Kuo et al., 2012 10 2-4 Poor Child Neutral Videos 1 1  1  1  

6. Barret et al., 2012 22 2 Moderate Child Emotional 

Images 

2 2   2 2  

7. Bartels & Zeki, 2004 20 9-72 Moderate Child Neutral Images 1 1   1  1 

8. Ranote et al., 2004 10 4-6 Poor Child Neutral Videos 1 1   1 1  

9. Kim et al., 2009 26 0-1 Moderate Infant Cry (audio) 1  1  1 1  

10. Leibenluft et al., 2004 10 60-144 Poor Child Neutral Images 2 2   2  2 

11. Nitschke et al., 2004 6 3-5 Poor Child Emotional 

Images  

1 1   1 1  
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12. Atzil et al., 2011 23 4-6 Moderate Child Neutral Videos 1 1   1 1  

13. Noriuchi et al., 2008  13 12-20 Poor Child Emotional 

Videos 

3 3   3  3 

14. Li et al., 2017 31 12-24 Good Child and Adult 

Emotional Images 

3 2 1 3   3 

15. Michalska et al., 2014 34 48-72 Good Neutral Child Images 2 1 1  2  2 

16. Seifritz et al., 2003 40 6-25 Good Infant Cry and Laugh 

(audio) 

3  3 1 1 3  

17. Li et al., 2018 39 0-4 Good Infant Cry (audio) 2      2 2  2  

18. Mascaro et al., 2014a 36 12-24 Moderate Infant Cry (audio) 1  1 1   1 

19. Lorberbaum et al., 2002 10 1-2 Poor Infant Cry (audio) 1  1  1 1  

20. Mascaro et al., 2014b 63 12-24 Good Child and Adult 

Emotional Images 

1   1   1 

21. Thijssen et al., 2018 25 0 Moderate Infant Cry (audio) 1  1 1  1  

22. Lenzi et al., 2008 16 6-12 Moderate Child Emotional 

Images 

1    1 1  

23. Lorberbaum, 1999 4 0-42 Poor Infant Cry (audio) 1  1  1  1 

24. Neukel et al, 2019 53 72-144 Moderate Child Emotional 

Images 

2 1   2  2 

25. Turpyn et al., 2019 20 132-204 Moderate Child Emotional 

Images and General 

Emotional Images 

1  1  1  1 
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26. van’t Veer et al., 2019 21 0 Moderate Child Emotional 

Videos 

2 1 1 2  2  

27. Wessing et al., 2019 17 48-60 Moderate Child Emotional 

Images 

0 (null 

results) 

      

28. Wan et al., 2014 20 4-10 Moderate Child Neutral Videos 2 1   2 2  

29. Strathearn et al., 2008 28 5-10 Moderate Child Emotional 

Images 

2 2   2 2  

30. Schechter et al., 2011 9 12-42 Moderate Child Emotional 

Videos 

2  2  2  2 

31. Abraham et al., 2014 89 Avg=11* Good Child Neutral videos  1 1  1  1  

32. Wittfoth-Schardt et al., 

2012 

21 36-72 Poor Child Neutral Images 2 2  2   2 

33. Klucznoik et al., 2017 27 60-144 Moderate Child Emotional 

Images 

2 2   2  2 

34. Swain et al., 2003 32 0-1 Cannot 

Determine*

* 

Infant Cry (audio) 

and Child Neutral 

images 

4 4  2 2 4  

35. Swain et al., 2004 33 3-4 Cannot 

Determine 

** 

Infant Cry (audio) 

and Child Neutral 

images 

4 4  2 2 4  

36. Swain et al., 2005 34 0-1 Cannot 

Determine 

** 

Infant Cry (audio) 2 1 1   2  

 
*Range not reported, so mean used instead. 

**Unpublished data without enough information to calculate Quality Score
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Next, studies were coded for whether they contained a contrast looking at any 

child negative emotion compared to neutral or positive emotion (N=19 experiments) by 

one researcher and checked by a second researcher. In this case, most experiments looked 

at child negative compared to neutral emotion (N=14) with the remainder looking at child 

negative compared to positive emotion.  

Third, studies were coded for age (infant: 0-1 year; N=38 experiments; other: 1-

17 years; N=21 experiments) by one researcher and checked by a second researcher. 

Infancy was defined as a child under the age of one in this case, consistent with norms 

from the Center for Disease Control (cdc.gov/ncbddd/childdevelopment). In one study, 

the child stimuli for the paradigm was a three-month-old standardized infant cry but the 

parent’s own child was two years old (Mascaro, Hackett, Gouzoules, Lori, & Rilling, 

2014). In this case we coded the age of their own child, rather than the child in the 

stimuli, due to the desire to look at how parent neurobiology changes across their own 

child’s development. For all other studies, the age of the child in the stimuli and the 

parent’s own child were the same. In terms of the range of ages across studies, there were 

two studies that imaged fathers while their first child was in utero (27 and 25.6 weeks on 

average respectively; Thijssen et al., 2018; van’t Veer et al., 2019) listening to infant cry 

which was included in the infant analyses and constituted the youngest age of children in 

the study samples. The oldest age of parent’s children in the studies was 17 years old 

(Turpyn et al., 2019).  
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Studies were also coded for parent gender (fathers: N=19 experiments; mothers: 

N=37 experiments) by one researcher and checked by a second researcher. There were 

three experiments that imaged mothers and fathers combined in the same contrasts 

(Seifritz et al., 2003; Swain et al., 2004; Swain et al., 2005), which were excluded from 

the mother and father sub meta-analysis to isolate brain responses in mothers compared 

to fathers. Thus, the mother and father analyses total to 56 experiments rather than the 

full 59 experiments.  

Together these studies included 790 foci obtained from 1017 participants. See 

Table 1 for a table of included studies, including which analyses they were included for. 

Additionally, Figure 2 is a PRISMA flow chart denoting the literature search and study 

categorization. 

 

 

 

 
 
Figure 2. Study Inclusion Chart 
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Procedure 

The researcher (CN) then transcribed the coordinates from each study and those 

coordinates were backchecked by a second researcher (KM) for accuracy and any 

discrepancies were ameliorated. Next, all coordinates were transformed into a common 

Talaraich space using linear transformations in GingerALE 3.0 software 

(https://brainmap.org/ale). Lastly, coordinates were analyzed in GingerALE 3.0 using a 

stringent Cluster-level FWE correction at p<0.05 with 5000 permutations and a cluster-

forming threshold of p<0.001, following recommendations by Müller and colleagues 

(2018) for the individual meta-analyses. For the conjunction and contrast analyses, only 

coordinates that were significant in the individual analyses was used in analyses. Again 

we used 5000 permutations and an FDR corrected p<.05. and a minimum cluster size of 

k>15 voxels consistent the manual from the GingerALE developers and previous 

literature (Krall et al., 2015). This stringent threshold minimizes the effects of study 

heterogeneity and the possibility of a small number of studies driving the cluster results. 

Results are reported as convergence of reported activation across studies overall and in 

smaller groups based on differing study characteristics described in the hypotheses. 

Analysis plan 

ALE	
All analyses were conducted using the revised ALE algorithm for coordinate 

based meta-analyses (Eickhoff et al., 2009). We conducted 7 meta-analyses and 2 

conjunction and contrast analyses using ALE in GingerALE software. ALE has several 

advantages to synthesizing neuro-imaging literature including identifying specific 

coordinates rather than regions and reducing bias associated with region of interest 
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procedures or small volume correction. Also the use of stringent thresholds tested against 

a null distribution reduces false positives and creates a consistent threshold for studies to 

surpass in order to influence results. The ALE algorithm in GingerALE seeks to identify 

areas of peak convergence across experiments compared to spatially random associations. 

This algorithm treats each reported coordinate from an experiment as a focus point of a 

3D Gaussian probability distribution; these distributions are then combined in a modeled 

activation map for each experiment (Turkeltaub, et al. 2012). This algorithm also 

accounts for the sample size having less uncertainty associated with larger sample sizes 

(i.e. “narrower” Gaussian distributions). Taken together, the modeled activation maps are 

combined across experiments, such that each voxel denotes the probability of activation 

across studies. These ALE-scores are then compared to a null-distribution to determine if 

the convergence is more than would be expected at chance (p<.05). 

The conjunction analysis takes the two activation maps from two ALE meta-

analyses and subtracts them to look at activation that is significantly different from one 

study to another, accounting for differences in sample size. It then randomly assembles 

two equal sized sets of contrasted experiments and the voxel-wise ALE scores for these 

two groups are subtracted from each other. This process is repeated 5,000 times to create 

a null distribution of difference scores between the two conditions to compare to the 

observed difference scores for significance at the p<0.05 level (100 voxel cluster extent 

threshold) (Eickhoff, Bzdok, et al., 2011). Mango software was used for anatomical 

labeling of the resulting regions in Talaraich space (http://ric.uthscsa.edu/mango), 

consistent with recommendations by the GingerALE software developers. Separate meta-
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analyses were conducted for each of our hypotheses. Studies contributing to each analysis 

are denoted in Table 1. 

Moreover, we followed Müller and colleagues’ additional methodological 

recommendations for coordinate-based meta-analyses. Indeed, all of our analyses cleared 

the recommended 17-20 experiments to provide adequate power. Also, we verified that 

all included studies used the entire brain in their analyses and double coded all included 

experiments for accuracy. Of note, some of our studies included more than one 

experiment from the same study, with about half of studies reporting on entirely different 

paradigms rather than different contrasts from the same paradigm. To test if the use of 

multiple experiments for different studies was biasing results, we ran analyses with only 

1 experiment per study and results remained largely the same. Thus, we concluded that 

these were not unduly biasing the results and report the full experiments to increase 

power. As an added precaution we verified that all reported clusters had multiple (at least 

3) independent studies contributing to them, which led us to remove one cluster from our 

overall analysis and one cluster from the negative compared to other emotions analysis 

that both had only 2 studies contributing to it. All other clusters had 3 or more studies 

contributing to them. 

Our series of meta-analyses first looked at overall convergence across all 59 

experiments and then convergence based on the following contrasts within studies: 1) 

Own versus other child activation and 2) Child negative versus neutral or positive 

emotion activation. Moreover we compared across studies by conducting separate meta-

analyses and a conjunction analysis of the two contrasts for: 3) Studies of infants (<1 year 
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old), studies of non-infants (>1 year old), and the conjunction and contrast of the two and 

4) Studies of mothers, studies of fathers, and the conjunction and contrast of the two.  

Results 

Overall Meta-analysis of all Experiments on Parents Responding to Child Stimuli 

All 59 experiments looked at parent neural activation to some child stimuli minus 

some control stimuli. The control stimuli were typically a photo or video of another child 

or of their child expressing neutral emotion or, for infant cry studies, was a pitch-matched 

sound. For our initial analysis, we included all studies, regardless of the status of the child 

(own child, other child), the type of child emotion (positive, negative, neutral), the child’s 

age or the parent’s gender, to look at overall parent neurobiology across studies. See 

Table 2 for cluster peaks and ALE values from all analyses. 
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Table 2. Meta-Analytic Clusters of Activation by Analysis Type 
 

Analysis Cluster # Brain Regions Peak Coordinates (x,y,z) ALE Z value 

Overall Parent Response to 
Child Stimuli (N=59) 

1 Right Thalamus 6 -8 4 .045 6.069 

  Right Brainstem-Red Nucleus 2 -28 -8 .035 5.012 
  Right Brainstem- Substantia Nigra 12 -18 -8 .034 4.820 
  Right Hypothalamus 2 -6 -6 .033 4.774 
  Left Brainstem- Substantia Nigra -10 -20 -10 .031 4.478 
  Left Thalamus -8 -10 6 .029 4.265 
  Right Thalamus 12 -28 6 .026 3.952 
  Left Thalamus -16 -18 6 .024 3.751 
 2 Right STG 56 -12 2 .035 4.978 
  Right STG 54 -18 6 .031 4.540 
  Right STG  48 -14 8 .030 4.423 
  Right Precentral Gyrus 54 -4 10 .024 3.656 
 3 Left AI/IFG -38 22 4 .058 7.295 
 4 Left STG/Posterior Insula -46 -16 4 .046 6.122 
  Left STG -54 -20 8 .039 5.405 
  Left Precentral Gyrus -50 2 10 .025 3.827 
  Left Precentral Gyrus -50 -4 8 .024 3.650 
 5 Right SFG/MFG 2 6 62 .049 6.394 
 6 Left PCC/Precuneus -4 -52 24 .030 4.353 
  Left PCC -2 -60 26 .027 4.077 
 7 Right AI/IFG 36 22 8 .031 4.489 
Sub-Analyses:        
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1. Child Status:      
Own > Other (N=36) 1 Right Thalamus  6 -8 4 .031 5.245 
  Right Hypothalamus 4 -6 -6 .028 4.783 
  Right Thalamus 12 -28 4 .021 3.901 
 2 Right STG  56 -10 6 .022 4.057 
2. Child Emotion Type: 
Negative Emotion>                 
Other Emotion (N=19) 

1 Left STG -46 -16 4 .039 6.836 

  Left STG -54 -20 8 .033 6.143 
 2 Left AI/IFG -36 22 4 .038 6.648 
  Left AI/IFG -40 14 6 .029 5.546 
 3 Right STG 54 -20 6 .028 5.428 
  Right STG/ Posterior Insula 46 -14 6 .015 3.617 
 4 Left Medial Frontal Gyrus (MFG) 2 4 62 .032 5.952 
 5 Right Thalamus  6 -10 10 .021 4.492 
 6 Left PCC -2 -22 28 .017 3.948 
  Right PCC 2 -22 30 .016 3.761 
 7 Left Brainstem- Red Nucleus -4 -26 -6 .019 4.135 
  Left Brainstem- Substantia Nigra  -12 -22 -10 .014 3.362 
3. Child Age: 
Infant (N=38) 1 Right Thalamus 6 -10 6 .042 6.334 
  Right Hypothalamus 2 -6 -6 .027 4.726 
  Right Brainstem- Substantia Nigra 12 -18 -8 .026 4.493 
  Right Putamen 22 -6 6 .024 4.351 
  Left Thalamus  -8 -10 6 .021 3.922 
  Right Caudate 16 -4 16 .020 3.681 
  Right Thalamus 8 -26 8 .018 3.494 
  Right Putamen 22 -2 16 .018 3.390 
 2 Right STG 54 -20 6 .029 4.982 
  Right STG 48 -14 8 .029 4.973 



38 
 

  Right STG 56 -12 2 .027 4.694 
 3 Right SFG/MFG 2 6 62 .044 6.675 
 4 Left AI/IFG -38 14 6 .036 5.826 
  Left AI/IFG -38 22 4 .035 5.668 
 5 Left STG/Posterior Insula -46 -16 4 .046 6.799 
  Left STG -54 -20 8 .031 5.182 
 6 Right Amygdala 24 -4 -12 .025 4.453 
 7 Right AI/IFG 36 22 8 .028 4.739 
  Right AI/IFG  48 30 -2 .019 3.570 
 8 Right Posterior Insula 44 10 6 .034 5.539 
Non-Infant (N=21)*         

4. Parent Gender:        
 Mothers (N=37) 1 Right Hypothalamus 2 -6 -6 .033 5.250 
  Right Thalamus 4 -8 4 .029 4.832 
  Right Thalamus  8 -18 2 .023 3.993 
  Left Thalamus  -8 -10 4 .022 3.848 
 2 Right Hypothalamus 10 6 -6 .023 3.989 
  Right Amygdala  22 -4 -12 .022 3.908 
  Right Putamen 20 2 4 .020 3.561 
  Right Putamen 22 -4 4 .019 3.474 
  Right Putamen  18 4 -4 .018 3.324 
 3 Left Uncus -22 2 -20 .029 4.741 
  Left Amygdala  -30 -4 -16 .024 4.202 
 4 Left PCC -4 -52 24 .029 4.729 
  Left PCC -2 -58 26 .025 4.245 
 5 Right Brainstem- Red Nucleus 2 -28 -8 .033 5.271 
 6 Right SFG 2 6 62 .028 4.693 
  Right SFG  6 16 54 .020 3.608 
 Fathers (N=19) 1 Left STG -46 -16 4 .024 5.101 
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  Left Precentral Gyrus -50 4 10 .019 4.323 
  Left STG -54 -22 8 .018 4.139 
  Left Precentral Gyrus -52 -6 6 .014 3.481 
 2 Left AI/IFG -38 24 4 .037 6.757 
 3 Right STG 56 -14 2 .019 4.320 
  Right STG 62 -20 4 .014 3.478 

 
Note: Peak Coordinates are reported in Talairach Space; N= number of experiments 

* No results found
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For the overall analysis of parent neural responses to child stimuli (59 

experiments), 7 clusters emerged. Consistent with our hypotheses about the importance 

of reward, emotional arousal, and sensorimotor networks, clusters emerged in the 

Thalamus, Red Nucleus, SN, Hypothalamus, STG, AI/IFG, MFG/SFG, and PCC. The 

first cluster had a variety of peaks in the Thalamus, brainstem (including the Red Nucleus 

and Substantia Nigra), and Hypothalamus (see Table 2). The Thalamus is a hub of 

sensorimotor function and also a relay station for some cognitive functions (Hwang et al., 

2017). The Hypothalamus, related to emotional arousal and reward, regulates hormone 

release, including the release of hormones closely tied to caregiving (e.g. oxytocin) and 

also stimulates dopamine release, activating a parent’s social engagement and reward in 

response to a child (Feldman et al., 2019). Also a part of the dopaminergic pathways of 

the midbrain, the Substantia Nigra (SN) and Red Nucleus were part of this cluster. The 

SN is involved in reward processes (reinforcement learning specifically), with close 

connections to the striatum, and involved in sensorimotor processes (motor planning) 

(Zaghloul et al., 2009). The Red Nucleus, while not involved in reward function, is also 

related to motor planning, especially of the limbs and may reflect embodied simulation of 

the child’s movements (Houk, 1991).  

Second, results revealed clusters in the Superior Temporal Gyrus (STG), which is 

a region related to social cognition and emotional face processing (Ruby & Decety, 2004; 

Takahaski et al., 2004), and in some portions of the Posterior Insula, involved in 

emotional arousal (Duerden et al., 2013). This is consistent with our hypotheses on the 

importance of emotion-related and social cognitive networks for parenting. These clusters 
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also contained the Precentral Gyrus, involved in defensive movement (Cooke & 

Graziano, 2004).  

Additionally, there were clusters in the left Anterior Insula (AI)/Inferior Frontal 

Gyrus (IFG), and right AI/IFG (7th cluster) a region integral to an intersection of emotion-

related and cognitive processes such as empathy and emotional awareness (Craig & 

Craig, 2009; Nelson et al., 2010; Singer et al., 2009), and that is frequently found in 

narrative reviews as a key node of the parent neurobiological network (Swain, 2011). 

This is consistent with our conceptual model and hypotheses that emotion-related and 

social cognitive networks are important for parenting.  

Also consistent with hypotheses, the fifth cluster emerged in the right posterior 

Superior Frontal Gyrus (SFG) (Table 2), and part of the adjacent MFG (5th cluster). The 

SFG thought to be involved in sensorimotor function and social cognitive function with 

critical connections to the thalamus, central nodes in the motor control network 

(Chouinard & Paus, 2010; Li et al., 2013) and the MFG is similarly implicated in 

sensorimotor function (Rao et al., 1995).  

Lastly, clusters also emerged in the Posterior Cingulate Cortex (PCC), involved in 

both positive and negative emotional arousal and salience (Maddock et al., 2003) and 

parts of the Precuneus which is involved in social-cognitive processing, and specifically 

first person perspective taking (Cavanna & Trimble, 2006). 

In sum, clusters were revealed in emotion, reward, social-cognitive, and 

sensorimotor related areas of the brain across all studies that featured parent neural 

responses to child stimuli of some kind. This was consistent with hypotheses on the 
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processes involved in parenting. However, inconsistent with hypotheses, we did not find 

hypothesized emotion regulation regions (e.g., PFC). 

Sub Meta-analyses by Study Variables 

Next, we conducted sub meta-analyses for study characteristics based on: 1) Child status 

(own child compared to other) 2) Child emotion type (child negative emotion compared 

to neutral or positive emotion) 3) Child age (infant studies, older child studies, and the 

comparison and contrast of the two) 4) Parent gender (mother studies, father studies, and 

the comparison and contrast of the two). These analyses revealed several patterns (see 

Table 2). For figures of convergence in each analysis see Figure 3   
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Note: AI=Anterior Insula; IFG= Inferior Frontal Gyrus; STG= Superior Temporal Gyrus; SFG=Superior Frontal Gyrus; MFG=Medial Frontal Gyrus; PCC= Posterior Cingulate 

Figure 3. Meta-Analytic Activation Maps 
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Child	Status	
To isolate what is specific to responding to one’s own child, we next looked at 

convergence across all experiments that looked at the parent’s response to their own child 

compared to another child expressing any kind of emotion (N=36). For this analysis, two 

clusters emerged containing in the 1) Thalamus/Hypothalamus and the 2) STG. As stated 

above, the Thalamus is an important sensorimotor hub and the Hypothalamus regulates 

hormone release such as caregiving hormones and relates to emotional arousal and some 

reward functions. Moreover, the STG is related to social cognitive functions, emotional 

face processing, and sensorimotor processes as above. These regions are consistent with 

our hypotheses of heightened emotional arousal, social cognitive, and sensorimotor 

processing networks in response to one’s own child though only a few of the 

hypothesized regions that represent these functions were significant. Again, we also did 

not find heightened emotion regulatory region response as hypothesized and did not find 

as strong of a role of reward regions as expected.  

Child	Emotion	Type	
Second, to examine parent responses to child negative emotion specifically, we 

tested convergence across all studies that looked at parent responses to child negative 

emotion compared to positive or neutral emotion (N=19). For this analysis, 7 clusters 

emerged as significant. The first and third clusters were found in the STG (which, as 

noted above, is involved in emotion-related processes and social cognition). The next 

cluster included the AI/IFG which as above, is involved in social cognitive processes of 

empathy. Additionally, part of the STG cluster included the Posterior Insula. While the 

Anterior Insula is thought to be involved in empathizing with others’ experiences of 
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distress or pain, the mid to Posterior Insula is involved in response to actual subjective 

experiences of pain and distress (Craig & Craig, 2009; Duerden et al., 2013; Lovero, 

2009; Sergedahl et al., 2015; Singer et al., 2004; Singer et al., 2009). Thus, the Posterior 

Insula is involved in our hypothesized process of emotional arousal. Moreover, a cluster 

emerged in cluster in the dorsal posterior left Medial Frontal Gyrus (MFG) (adjacent to 

the SFG), which is important for motor function as stated above. Also as in the overall 

analysis, clusters in the Thalamus and oxytocin rich hubs of the brainstem like the Red 

Nucleus and SN which again are representative of sensorimotor and reward learning 

respectively. Lastly, as in the overall analysis the PCC was a significant cluster, 

representing hypothesized processes of emotional arousal. In sum, consistent with 

hypotheses, parent responses to child negative emotion converged on networks related to 

emotion-related processes, some reward and social cognition processes, and sensorimotor 

processes. However, inconsistent with hypotheses, there were again not significant 

clusters in emotion regulation regions.  

Child	Age	
Additionally, given the restraints of our statistical methods and the fact that the 

literature primarily looks at parents of infants (N=38 infant experiments compared to 

N=21 for older children), we were not able to look at child age continuously. Instead, we 

examined child age differences by examining studies with infants (<1 year) and studies 

with non-infant children (age 1-17 years). We conducted two separate analyses (one for 

infant studies, one for older child studies). These analyses revealed convergence across 

infant studies in 8 clusters encompassing the Thalamus, Hypothalamus, SN, Caudate and 

Putamen, STG, SFG/MFG, AI/IFG, Posterior Insula, and the Amygdala. Consistent with 
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our overall hypotheses about regions that are involved in parenting generally, these 

regions are involved in emotional arousal, social cognition, and sensorimotor, but not 

emotion regulation functions. Overall, the regions that were found in the infant analysis 

overlapped with the overall meta-analysis in many of the regions (such as the  

Thalamus, Hypothalamus, AI/IFG, STG, Posterior Insula and the SFG). However, 

there were some regions that were unique to the infant studies and were not seen in the 

overall meta-analysis; specifically, these were the Amygdala and the Caudate and 

Putamen. These unique regions are associated with emotional arousal and reward 

functions.  

The non-infant child analysis did not reveal any significant clusters inconsistent 

with hypotheses. Thus, the conjunction and contrast analyses on infants and non-infants 

could not be completed as proposed.  

Parent	Gender	
Lastly, to examine differences in parent responses to child stimuli based on parent 

gender, we conducted two separate meta-analyses of mothers and fathers and conjunction 

and contrast analyses of the two to look at significant similarities or differences in the 

activation maps of mothers and fathers. The mothers only analysis (N=37) revealed 6 

clusters in the Thalamus/Hypothalamus, Amygdala and Putamen, PCC, brainstem (Red 

Nucleus), and SFG which broadly support emotional arousal, reward, social cognition, 

and sensorimotor functions as described above. The analysis looking at only fathers 

(N=19 experiments) found three clusters in the AI/IFG and the STG, regions that are 

involved in emotion-related, social cognitive and motor functions, and the Precentral 

Gyrus, involved in motor function as above. The conjunction and contrast analyses of the 
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mother and father meta-analyses found 3 significant clusters for the mothers>fathers 

analyses only in the Hippocampus, suggesting that studies of mothers recruited more 

activation in the Hippocampus than fathers. The Hippocampus is involved in our 

hypothesized functions of emotional arousal or stress and reward function as well as in 

memory (Fanselow & Dong, 2010). The conjunction analysis did not reveal significant 

findings.  

Discussion 

This series of meta-analyses revealed significant convergence across studies using 

varied fMRI paradigms to characterize parent neural responses to child stimuli. 

Importantly, the results support the existence of several neural networks collectively 

involved in parent neurobiological function. These networks are engaged when 

responding to different types of child stimuli (own versus other) and different child 

emotions (i.e., negative emotion, positive emotion) and across mothers and fathers. 

Consistent with our hypotheses, our analyses revealed significant convergence across 

studies of parent responses to child stimuli in regions serving emotion-related functions 

(primarily emotional arousal), reward (primarily motivation), social cognitive, and 

sensorimotor (primarily embodied simulation of motion) functions in both the overall 

analysis and many of the sub-analyses. However, in contrast to our hypotheses, we did 

not find any of the hypothesized emotion regulation regions, nor did we find results for 

parents of older children. Importantly, these regions that characterize parent neurobiology 

serve many functions that overlap across domains (e.g. social cognitive and emotion-

related processes). In the section that follows, we discuss results in more detail. First, 
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findings from the overall analysis are reviewed and then, we discuss results for the sub 

meta-analyses related to child status, child age, child emotion type, and parent gender.  

Overall Meta-Analysis 

Emotion-Related	Networks	
First, we found convergence in the overall analysis in regions related to emotion-

related processes, including emotional face processing and emotional arousal. Consistent 

with theories of the importance of parents’ emotional responses to parenting and child 

outcomes (e.g. Dix, 1991), our findings highlight that the neural networks involved in 

emotion-related processes may underpin parenting. Specifically, there were four clusters 

that emerged in the overall analysis of all studies involved in emotion-related processes: 

the Hypothalamus, which is involved in emotional arousal or stress responses and 

hormone regulation, the STG, which is involved in many hypothesized processes 

including emotional arousal, social cognition, and sensorimotor processes, and the 

Posterior Insula and PCC, which are both involved in emotional arousal.  

First, the Hypothalamus, was a significant cluster in the overall analysis. The 

Hypothalamus includes regions highlighted in early caregiving work, such as the Medial 

Preoptic Area, thought to be integral for the release of caregiving hormones such as 

oxytocin (Lee et al., 2000). The Hypothalamus also regulates the release of stress 

hormones, related to emotional arousal, and activates in response to emotionally salient 

stimuli and rewarding stimuli. Thus hypothalamic activation would perpetuate both 

bonding with one’s child and stress responses that would activate the parent to defend or 

care for the child.  
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Second, the bilateral STG, involved in processing sensorimotor information in an 

emotional and social context (at the intersection of emotion-related, social cognitive, and 

sensorimotor functions), was a significant hub of convergence in the overall analysis. The 

STG is implicated in the visual and auditory processing of social and emotional 

information such as gaze, body movements, and facial cues of emotion (Pelphrey et al., 

2005). For example, the STG is tied to auditory discrimination of one sound in the midst 

of extraneous sounds (Golumbic et al., 2013) and emotional face processing (Domes et 

al., 2010). Thus, this region allows for sensory processing of relevant social and 

emotional information necessary for parenting as a parent tries to focus on the relevant 

sensory cues of their child.  

Moreover, the Posterior Insula, involved in emotional arousal, was significant in 

the overall analysis. The Posterior Insula activates in response to subjective experiences 

of one’s own negative emotion and pain (Singer et al., 2004). Similarly, the PCC, is also 

involved in emotional arousal and activates to both positive and negatively valenced 

stimuli compared to neutral stimuli (Maddock et al., 2003). These regions may represent 

a parent’s own distress in watching their child or another child expressing emotion and 

may motivate parental responses to the child to reduce their own discomfort.  

Surprisingly, however, we did not find emotional regulation regions (such as 

subregions of the PFC) as expected, which may be needed to downregulate emotional 

arousal from seeing one’s child expressing emotion. The absence of PFC “regulatory” 

regions suggests that fundamental parenting neurobiology is most robustly set up to 

motivate and act quickly and not necessarily programmed to regulate or call up executive 
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functions important for calibrating behavior. This has important clinical implications in 

that interventions may want to especially target and regulatory processes to promote 

downregulation of emotional arousal that is associated with harsh parenting.  

Reward	
Moreover, we found a role for reward-related regions in the overall analysis of all 

parents in the SN. The SN of the brainstem is involved in reward anticipation and 

reinforcement learning (Zaghloul et al., 2009). This region may reflect a parent learning 

about the rewarding situation of being able to successfully soothe their child, which may 

motivate them to act to meet the child’s needs. However, many of the hypothesized 

reward regions such as the striatum and NAcc were not significant in the overall analysis. 

Perhaps more reward regions were not significant in this analysis because stimuli 

reflected a mixture of child positive and negative emotional stimuli and reward regions 

may activate differently to positive and negative emotion making it difficult to detect 

effects.  

Social	Cognitive/Mentalizing	Networks	
In the overall analysis using all studies of parent neural responses to child stimuli, 

our results also revealed activation in the AI/IFG, a critical area for mentalizing and 

empathy that is implicated in processing both own and other pain or distress (Craig & 

Craig, 2009; Jabbi et al., 2007; Singer et al., 2004). The AI/IFG has activated in previous 

studies to a signal that a loved one (romantic partner) was receiving a painful stimulus 

and this activation was correlated with reported empathy scores (Singer et al., 2004). This 

empathic responding may function similarly when a parent hears or sees their child in 

distress (or possibly expressing positive emotion as well). Similarly, the Precuneus 
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cluster also reflects first person perspective taking that would allow the parent to 

empathize with their child’s emotion and feel it as their own (Cavanna & Trimble, 2006). 

For example, if a parent hears an infant cry, AI/IFG and Precuneus activation may allow 

the parent to represent the child’s emotion in their mind, feel compassion towards the 

child, and help them to ameliorate the stressor. This parenting behavior of understanding 

one’s child’s emotions and empathizing in a warm manner is at the core of parenting for 

optimal child outcomes in theories of parenting (e.g. Baumrind, 1967).  

Sensorimotor	Networks		
In addition to the overall analysis of all studies finding convergence in the STG 

which serve emotion-related and sensorimotor functions, the SFG and MFG, Precentral 

Gyrus, Thalamus, and Red Nucleus of the Brainstem were also significant clusters, which 

all serve primarily motor functions. Sensorimotor regions are important to parenting in 

that they would allow the parent to process their child’s sensory stimuli and activate 

motor responses to move towards and care for the child. This may be particularly the case 

since the stimuli used in studies probe the sensory aspects of parenting (e.g. listening to a 

child cry, seeing their face), making sensory regions especially important. Specifically, in 

the overall analysis, the SFG and part of the MFG of the motor cortex was a point of 

convergence. The SFG is thought to underlie motor coordination (Martino et al., 2011), 

and specifically complex motor movements such as hand movements that would be 

needed for picking up, feeding or comforting a child (Chouinard & Paus, 2010; Li et al., 

2013). Relatedly, the MFG, is involved in planning and coordinating complex 

movements, especially arm movements (Rao et al., 1995) and the Red Nucleus is also 

involved in planning movements of the limbs in particular (Houk, 1991). Also involved 
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in motor coordination, the Precentral Gyrus, coordinates voluntary and defensive 

movement and may be particularly important to defend and protect a child (Cooke & 

Graziano, 2004). These four regions may be important for parents because attentive 

parents may yearn to hold or pick up their child when they see them expressing emotion 

or defend them against threat.  

Lastly, in the overall analysis, the Thalamus was a significant cluster serving a 

plethora of sensory processing functions given that all sensory input (except olfactory) 

passes through the Thalamus (Gazzaniga, 2014). These sensory roles include sensory 

perception, auditory processing, and movement (Gazzaniga, 2014) which would be 

needed to process and respond to one’s child’s face or noises such as crying. In sum, 

across studies, sensorimotor areas, in particular motor areas, that allow for motor control 

and coordination may allow a parent to recognize and process the sensory cues of their 

child and activate and control their own movements to help the child.  

These findings suggest that sensorimotor networks are a key node of parent 

neurobiological function. Sensorimotor regions also emerged in all of the specific 

contexts we explored. Given that parenting behavior, especially in the early years, 

requires the activation of many senses and coordinated movement towards caring for 

one’s child, these regions would be essential for parenting. 

Sub Meta-analyses 

While the overall analysis provided important information as to consistent 

networks involved in responding to one’s child, the sub-meta-analyses provide a more 

detailed examination of parent neural responses in specific contexts. Several common 
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networks emerged across these analyses and many overlapped with networks in the 

overall analyses. For example, there was convergence in emotional arousal and 

sensorimotor related regions for own child stimuli compared to other child stimuli. Also, 

in general, the child negative emotion compared to neutral emotion recruited similar 

networks as the overall analysis, suggesting that the processes involved in parenting tasks 

as a whole are similar to those involved in responding to a child in distress. Moreover, 

convergence in all of the networks (emotion-related, reward, social-cognitive, and 

sensorimotor networks) was strongest for the infant rather than the non-infant analyses, 

suggesting the necessity to recruit the networks especially when a child is young and 

especially vulnerable to threat. Also studies of fathers converged on social-cognitive and 

sensorimotor-related regions, whereas studies of mothers converged on emotional-

arousal, reward, and motor regions and in contrast analyses mothers demonstrated 

stronger convergence on emotional arousal and reward related regions. Thus, overall, 

sub-analyses suggest that one’s own child strongly recruits emotion-related and 

sensorimotor processes, that negatively-valanced stimuli and stimuli in younger children 

most robustly recruits parent neural networks, and that mothers and fathers recruit 

somewhat different networks to achieve parenting goals.  

Child	Status	
In our analyses of own child stimuli compared to other child stimuli, we found 

significant activation in a cluster containing the Hypothalamus and Thalamus (which we 

also found in the overall analysis) and a second cluster in the STG (as in the overall 

analysis). This may reflect that one’s own child may especially recruit coordination of 

sensorimotor and emotion-related processes given that a parent would likely have a 
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stronger emotional response to their own child which may motivate attentive caregiving 

and motor responses to meet their needs more so than the needs of any child in their 

environment. Notably all of the studies focused on a parent’s own biological child, 

though in the future it would be interesting to examine whether these same regions are 

related to parents responding to their adopted child. We were surprised not to find 

activation in other hypothesized regions related to parenting (emotion regulation, 

reward/motivation related, and social cognitive or mentalizing related regions) in the own 

compared to other child analysis, given previous findings that own child stimuli usually 

activates a stronger parent neural response across several networks (Atzil et al., 2011; Li 

et al., 2017; Michalska et al., 2014; Nitschke et al., 2004; Noriuchi et al., 2008). 

However, this may be because these paradigms featured a range of child emotions which 

may have limited our power to detect effects if parent responses to child negative 

emotion are particularly strong as our analyses suggested (below). 

Child	Emotion	
In the child emotion analyses, comparing parent neural responses to child 

negative emotional stimuli to other child emotional stimuli (child neutral or child 

positive, or, in some cases, control sounds), there was significant convergence in the 

STG, AI/IFG, Posterior Insula, MFG, Thalamus, PCC, and Red Nucleus and Substantia 

Nigra of the Brainstem. All of these regions were also found in the overall meta-analysis.  

Emotion-related networks. First, the Posterior Insula, PCC, and STG are involved 

in emotional arousal processes, with the STG also being involved in sensorimotor 

functions as stated above. Given that the STG is involved in negative emotional face 

processing, it makes sense that the STG, would be a common point of activation when 
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looking at child negative emotion, which was often expressed as a photo or video of the 

child’s face showing negative emotion. The PCC is involved in response to positively and 

negatively valenced stimuli and therefore also makes sense that parent responses to child 

negative emotional stimuli would converge on the PCC (Maddock et al., 2003). 

Additionally, the Posterior Insula is involved in responses to subjective experiences of 

one’s own negative emotion as stated above. Convergence on this region may indicate 

that the parent viewing their child’s negative emotion is activating the parent’s own 

experience of negative emotion. The parent’s distress may then allow them to care for 

their child in order to reduce both their own and their child’s distress. Overall, as would 

be expected, child negative emotion may particularly arouse negative emotional arousal 

systems for parents and promote prompt responding to the child.  

Reward networks. The SN of the brainstem was a significant cluster in the child 

negative compared to other emotion analysis. The SN, with close connections to the 

striatum, is involved in reward learning and some movement-related functions (Zaghloul 

et al., 2009). Therefore, convergence on the SN may reflect that when parents view their 

child in distress, they may be engaging reward learning by thinking about what parenting 

behaviors have led to reductions in the child’s distress in the past and behaving 

accordingly.  

Social cognitive networks. Third, there was significant convergence in the AI/IFG 

to child negative emotion. This finding is not surprising with the empathy-related 

functions of the AI/IFG because a parent seeing their child in distress is likely to feel 
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empathy towards their child which may facilitate warm parenting and positive parent-

child relationships.  

Sensorimotor networks. Fourth, motor related regions in the MFG and Red 

Nucleus and broad sensorimotor related regions of the Thalamus were significant in the 

child negative emotion analysis. The MFG cluster was mostly in the medial premotor 

cortex specifically, which is involved in planning and coordinating complex movements 

as above, particularly arm movements (such as elbow movements) and the Red Nucleus 

is also involved in limb movements that would be needed to pick up a child and comfort 

them if they are distressed (Rao et al., 1995; Houk, 1991). Convergence on the Thalamus 

may indicate that parents need to coordinate a variety of senses including seeing their 

child’s face and hearing the tone of their cry or voice to scan for emotional cues and 

respond accordingly. In sum, emotion-related, reward, social-cognitive and sensorimotor 

networks may work hand in hand in underpinning parenting behaviors especially when a 

parent sees or hears their child expressing negative emotion that may indicate that they 

need their parent. This coordinated activation may allow the parent to heighten their own 

emotional and empathic response, feel motivated to respond to the child, and activate 

complex motor responses to move towards and comfort the child.  

Child	Age	
In the child age analyses examining parent neural responses to infant stimuli and 

separately examining parent responses to older child stimuli, there was significant 

convergence in the infant analyses on the Thalamus and Hypothalamus, SN, Putamen and 

Caudate, STG, SFG and MFG, AI/IFG, Posterior Insula, and Amygdala. Many of these 

regions were all also found in the overall meta-analysis, except the Amygdala and the 
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Caudate and Putamen. This is consistent with and builds on the recent meta-analysis of 

parents responding to infant cry which similarly found activation in social cognitive 

regions (AI/ IFG) and in sensorimotor processing regions (Thalamus, and pre-

Supplementary Motor Area) and also did not find emotion regulation regions (Witteman 

et al., 2019). However, unlike the recent meta-analysis, ours includes a greater number of 

studies and also detected effects in emotional-arousal related regions and reward related 

regions. We also explored brain correlates in parents of older children but interestingly, 

there were no significant results in the analysis that focused on older children, and thus 

we were also unable to complete conjunction and contrast analyses of infants compared 

to older children.  

Emotion-Related Networks. The infant analyses revealed significant convergence 

on the STG, Posterior Insula, Hypothalamus, and the Amygdala (which was not found in 

the overall analysis). As in the overall analyses and negative emotion analyses, the STG 

may serve a role in parent’s processing of their child’s emotional faces allowing them to 

understand what their child is feeling and the Posterior Insula may serve a role in parents’ 

own subjective experiences of negative emotion when they see their child (mostly 

expressing negative emotion in these analyses). These processes may allow the parent to 

be more motivated to comfort and care for their child after identifying and feeling their 

child’s negative emotion. 

Related to emotional arousal, the Posterior Insula which responds to experiencing 

and perceiving emotion as your own was significant in the infant analyses, suggesting 

that emotional salience of infant stimuli to parents especially given that many of the 
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stimuli feature infants crying. Additionally, the Hypothalamus, which releases caregiving 

and other hormones and activates in response to emotional arousal or stress was a 

significant cluster in the infant analyses. This may be due to heightened parent hormones 

in infancy and increased stress responses when a child is young and relies heavily on the 

parent for survival.  

Another emotional arousal region, the Amygdala, was also a point of significant 

convergence in the infant analysis. Importantly, the Amygdala was a region we 

hypothesized in many of the analyses but only found in the infant and mother analyses. 

Perhaps the Amygdala was significant for the infant analysis because most of the infant 

studies featured infant cry and the Amygdala is instrumental for threat processing (Fox et 

al., 2015). In other words, Amygdala activation may be heightened when one’s child is 

crying when they are very young and vulnerable to threat, and mothers may also have a 

stronger threat response to their child in distress.  

However, notably, heightened Amygdala response to infant cry may not be 

adaptive for parenting. Indeed, heightened Amygdala activation in parents to infant 

crying is linked to higher harsh parenting behaviors, such as hostile responding to the 

infant with a raised voice, impatience or frightening behaviors (Firk et al., 2017; Laurent 

& Ablow, 2012). So, lack of Amygdala findings in many of the other analyses may also 

reflect effective downregulation, or it may indicate that parents of young children 

respond with high amygdala activation to their child and that they learn over time to 

regulate this emotional response as their child grows older.  



59 
 

Reward. The infant analyses also revealed significant convergence on reward 

related regions of the Caudate, Putamen, and SN. First, the Caudate and Putamen are 

dopamine rich subregions of the striatum, which are related to reward anticipation and 

motivation (Delgado, Locke, Stenger, & Fiez, 2003). Interestingly, in contrast to our 

hypotheses, we did not find convergence in the NAcc, another integral structure in 

reward anticipation, in any of our analyses. Scientists differentiate the Caudate and 

Putamen function from NAcc function; While the Caudate and Putamen activation 

increases with motivation and behaviorally corresponds to arousal, the NAcc increases 

with the amount of reward anticipated and behaviorally corresponds with liking (Miller et 

al., 2014). The SN, another significant cluster, complements these functions by using this 

motivation to engage the parent in reward learning where they can alter behavior based 

on what was rewarding or successful in caretaking for the child in the past. Therefore, it 

is not so much that parents are “liking” or anticipating a positive outcome from their 

child expressing emotion but that they are aroused and motivated towards the needs of 

their child and learning what will result in the most positive outcomes for their child.  

Social Cognitive/Mentalizing Networks. The AI/IFG, implicated in empathizing 

and perception of both own and other pain, was a significant cluster in the infant only 

analyses (as in the overall analysis), suggesting the importance of empathizing with an 

infant’s emotions. This finding may also be driven by the fact that infant cry (the focus of 

most paradigms) is an especially potent cue for parents that may particularly elicit an 

empathetic response. Indeed, infant cries activate physiological indicators of distress (e.g. 

heart rate and skin conductance) and reported distress (Boukydis & Burgess, 1982; Del 
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Vecchio et al., 2009) and these physiological responses activate sensitive parenting 

behavior (Del Vecchio et al., 2009). Thus, parent neural responses to primarily infant 

crying stimuli especially recruits empathizing networks such as the AI/IFG, which may 

be adaptive for parenting.  

Sensorimotor Networks. Also, as in the overall analysis, the SFG and MFG, 

Thalamus, and STG were significant clusters in the infant analysis. The SFG is related to 

complex sensorimotor processes related to movement and particularly hand movement. 

The STG was also significant in the infant analysis (as in the overall analysis), and this 

region is related to both sensorimotor processing as well as emotional face processing as 

mentioned. Also the Thalamus (as in the overall analysis), a sensorimotor hub involved in 

auditory, visual, and motor processing was significant in the infant analyses.  

Summary. In sum, as in the overall analysis, the infant analysis found 

coordination of emotion-related networks, reward-related, social-cognitive/mentalizing 

networks, and sensorimotor networks. Some emotion-related regions, such as the 

Amygdala, may respond more for parents of infants due to the potency of infant cry and 

the need for the parent to urgently respond to their infant who is particularly vulnerable to 

threat as compared to an older child. Also reward-related regions, especially those 

involved in motivation and reward learning, may be particularly relevant and adaptive for 

parents of infants who need to attend closely to their young child and be motivated to 

meet their needs who relies heavily on them for survival. 

We were surprised to not find significant clusters in analyses of older children, 

given that many studies find significant parent activation in response to stimuli of older 
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children in other emotion-related and social cognitive regions (e.g., Morgan et al., 2015; 

Neukel et al., 2018; Turpyn et al., 2019). However, this is likely due to this sample 

having a wide range of ages and thus a lower power to detect effects and also a smaller 

sample size of studies than the infant analyses. In the future, when more studies emerge 

for parents with children in early childhood, middle childhood, and adolescence, it would 

be helpful to perform analyses separately with more targeted age ranges and examine 

possible differences in a more detailed way. It is also possible that neural responses truly 

are heightened in infants given the demands of an infant on a parent’s resources. 

Parent	Gender	
Lastly, in the parent gender analyses examining mother’s neural responses and 

father’s neural responses to child stimuli there was significant convergence for in the 

Hypothalamus, Thalamus, Putamen, Amygdala (and part of the Uncus), Red Nucleus, 

SFG, and PCC for mothers and in the Precentral Gyrus, STG and AI/IFG for fathers. 

Many of these regions were all also found in the overall meta-analysis, except the 

Amygdala and Putamen which were found for mothers. Moreover, conjunction analyses 

did not reveal significant areas of conjunction, but contrast analyses revealed that studies 

of mothers converged reliably on the Hippocampus to a greater extent than studies of 

fathers.  

Emotional Arousal and Reward. The Hippocampus is an integral structure for 

emotion-related functions and reward-related functions, tying in with convergence for 

mothers of regions involved in emotional arousal and reward processes that did not 

emerge for fathers (e.g. PCC, Hypothalamus, Amygdala and Putamen). Therefore, it is 

possible that mothers experience heightened emotional arousal or stress responses (e.g. 
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Amygdala, Hypothalamus, and PCC responses) when their child is expressing emotion 

and that they have greater motivation (e.g. Putamen response) to attend to the child than 

fathers. This may reflect the fact that observationally mothers are more involved in the 

emotional aspects of caregiving whereas fathers are more involved in play (Lamb & 

Lewis, 2010; Paquette, 2004). Similarly, for mothers, the release of caregiving hormones 

like oxytocin, especially in infancy (also indexed by convergence on the Hypothalamus 

in this analysis) is related to affectionate and motivated parenting behaviors, whereas 

oxytocin relates to sensorimotor processes of playing with and engaging the child for 

fathers (Gordon et al., 2010). Therefore, mothers may be showing more activation in 

motivation related circuits as well as emotional arousal circuits that allow them to engage 

in affectionate or warm parenting that may occur through a different pathway for fathers. 

Social-Cognitive/Mentalizing. Moreover, the AI/IFG (related to empathy) was a 

significant cluster for fathers but not mothers. This finding diverges in some ways from 

typical gender roles in the behavioral literature in which mothers report themselves as 

higher in nurturance and empathy than fathers (Bentley & Fox, 1991). While empathizing 

processes may be needed for both mothers and fathers to sensitively respond to their 

child, perhaps fathers activate these networks more due to the fact that traditionally 

fathers still spend less time with their infants and children than mothers (Raley et al., 

2012) and therefore may not hear their child cry, for example, as often. Thus, it may 

evoke more of an empathic and concerned response from fathers when they do hear their 

child cry compared to mothers. This is also consistent with the two available studies that 

make direct comparisons of mother’s and father’s neural responses to child stimuli in the 
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same study (Atzil et al., 2012; Seifritz et al., 2003), in which findings show heightened 

activation for fathers compared to mothers in social cognitive or mentalizing areas of the 

brain. However, more research is needed comparing mothers and fathers in the same 

study to elucidate these relationships. 

Sensorimotor Networks. Moreover, as in the overall analysis, the SFG and Red 

Nucleus (related to complex motor functions) and the Thalamus were significant in the 

mother analysis but not the father analysis. But the STG (related to sensory processing of 

socioemotional stimuli) and the Precentral Gyrus (involved in complex and defensive 

movements) was significant in the father but not the mother analyses. First, the STG may 

again reflect heightened social-cognitive processes in fathers as they empathize with their 

child. Additionally, while the SFG and Precentral Gyrus serve similar functions and are 

both part of the motor cortex, the SFG was specific to mothers and the Precentral Gyrus 

to fathers. Notably, the SFG activates in response to complex motor movements 

including hand movements and the Precentral Gyrus has unique functions related to 

defensive movement, or movements associated with protecting the body from objects that 

are near or approaching (Cooke & Graziano, 2004). This activation is also correlated 

behaviorally with defensive bodily reactions (Cooke & Graziano, 2004). Thus, perhaps 

mothers are processing movement related to picking up, nursing and comforting their 

child (all complex hand movements) whereas fathers are visualizing protective 

movements in response to their child’s emotions. Consistent with this finding, in 

qualitative interviews with fathers in the transition to fatherhood, fathers often report that 

their role is to provide their child with a “sense of security” and protection stating that 
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“you want to protect her, you realize how helpless she really is” (Anderson, 1996). This 

need to serve as the “protector” may be reflected in Precentral Gyrus activation. 

Summary. Overall, there were peak convergence across studies in the regions 

involved in emotional arousal, reward, and sensorimotor functions for mothers and in 

social cognitive, emotional processing, and sensorimotor functions for fathers. Unique to 

this study, we found less of a role for emotion regulation processing. These findings 

suggest that coordination of several neural processes characterizes parent neurobiological 

function that may underpin caregiving behaviors, but that processes may differ across 

mothers and fathers. Overall, parents may need to balance empathic responding to child 

emotion and processing of a child’s emotion, including sensory aspects of the child (how 

they look and sound). Moreover, they may need to have an appropriate amount of 

emotional arousal and motivation towards the child’s distress to motivate parenting 

behavior, but not so much arousal that their parenting becomes harsh or hostile. Lastly, 

basic sensory processing of the child and of the parent’s own movements to act towards 

caring for the child (e.g. getting up to hold them, approach them, feed them) are needed 

so that the parent attends to the child rather than neglecting them.  

Limitations and Future Directions 

Despite the strengths of the present study in summarizing a wide range of 

literature on parent neural responses to child stimuli and providing much needed 

information into contexts that these neural correlates may differ in an objective way, 

there are still limitations to the present study to consider. One limitation is the lack of 

parent diversity in the available literature. Indeed, nearly all of the studies employed 
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predominately white middle-income samples, limiting the ability to apply findings to 

more diverse groups. It is imperative for future studies to examine the neural correlates of 

parenting in diverse groups, such as ethnic minorities, who may face additional stressors 

in parenting that could impact the brain. Secondly, we were not able to summarize 

connectivity of parental brain networks and the communication between these regions is 

necessary to fully understand coordinated parental behavior and profiles of parent neural 

responding rather than viewing the brain as disparate areas of activation. For example, 

Swain and colleagues found aberrant PAG to hypothalamus connectivity in mothers with 

an Opioid Use Disorder compared to control mothers (2019), suggesting the importance 

of holistically looking at these networks to understand implications for parenting 

behavior. Therefore, when there is more available data on functional connectivity of 

parent neural responses, a meta-analysis examining functional connectivity would be 

helpful.  

Lastly, there were a greater number of studies that focused on parents of infants 

and parents responding to negative compared to other emotions. This limited our ability 

to look at parent responses to older children (non-infants) in a more sophisticated way; 

instead we looked at a wide age span which may have limited our ability to detect results. 

Also parental sensitivity in response to a child’s positive emotion is an essential 

component of parenting and thus future studies should focus on these comparisons to 

increase power to detect these effects across studies. Lastly, it would be interesting for 

future studies to look at if these parenting networks change from pre to post parenting 

interventions in order to examine the plasticity of these networks to intervention for 
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optimal child outcomes. Such a study would add to studies that correlate findings with 

either observed or reported parenting behaviors.  

Implications 

Nonetheless, the present study provides useful information regarding the current 

state of the neuro-imaging literature on parenting and consistent networks involved in 

responding to a child across studies. These findings suggest that there is a consistent 

brain network involved in parents responding to a child, which likely underlies parenting 

behavior, and which can be found in response to a variety of child stimuli.  

 The overall meta-analysis found significant convergence across all studies in 

regions related to primarily emotion arousal, reward processing (mostly anticipation and 

motivation), social-cognitive/mentalizing, and sensorimotor networks. This suggests a 

need for parenting-focused interventions to target these processes central to parenting 

across several contexts. For instance, parenting interventions may benefit from focusing 

on building empathy-related processes for one’s child. This empathy building may be 

achieved by training parents on perspective taking with their child, which has been 

successful in increasing warm/involved parenting behaviors in previous studies 

(Christopher et al., 2013). Also, given the finding that parents tend to activate more 

emotional arousal and less regulatory regions in response to children, interventions may 

benefit from emphasizing emotion regulation strategies to downregulate emotional 

arousal network response which has been associated with harsh or inconsistent parenting 

behavior in previous studies (Barrett et al. 2012; Kim et al., 2010, Noriuchi et al., 2008). 

Also, increasing reward-related activation that has been tied to warm/involved parenting 
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behavior may be helpful in interventions (Strathearn et al., 2009). Interventions could do 

this perhaps by increasing the rewarding salience of one’s child and encouraging a parent 

to spend time with their child engaging in a shared enjoyable activity. Parents might also 

engage in their own self-care in order to increase their ability to enjoy time with their 

child. Lastly, sensorimotor aspects of parenting have been less emphasized in 

interventions, but it is possible that strengthening embodied simulation processes towards 

a child’s care may help to motivate parenting behavior later on. Thus, interventions may 

benefit from having parents engage in detailed visualization of sensitively caring for their 

child in order to increase the likelihood of these behaviors. Indeed, previous studies have 

shown similar neural substrates of visualized movement and actually performed 

movements (Lotze et al., 1999), suggesting that such visualizations may allow parents to 

better prepare for parenting duties.  
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STUDY 2: THE NEURAL CORRELATES OF PARENTING IN LATINX 
MOTHERS: RELATIONS WITH STRESS, CULTURE, AND PARENTING  

Study 2 builds on the foundation from Study 1, which identified a unifying 

parenting neural network, by addressing some of the gaps in the existing literature and 

beginning to explore the neural correlates of parenting in more diverse groups: 

specifically first-generation Latinx mothers.  

Latinx Americans are the largest ethnic minority and immigrant group in the 

United States (U.S. Census Bureau, 2017; Radford & Noe-Bustamante, 2019). Despite 

the size of the Latinx population, current mental health interventions have not effectively 

met the needs of this growing group. One often cited explanation for this disparity is that 

current interventions—largely based on research with white families—may be a “cultural 

mismatch” and may not adequately address specific stressors and bolster cultural 

protective factors in Latinx families, particularly for first generation families who may 

face additional stressors (e.g., deportation threats) (Zeller, Kirk, Claytor, Khoury, 

Grieme, Santangelo, & Daniels, 2004). Further, for Latinx youth living in immigrant 

families, the risk of negative psychological outcomes increases substantially as their 

families acculturate to the U.S., partially due to effects of immigration on parenting 

(Martinez, McClure, Eddy, Ruth, & Hyers, 2012). This makes it particularly important to 

understand and support parenting for Latinx youth. Increasing understanding of parenting 

in Latinx families could help to increase knowledge of the impact of culture on parenting 

and possibly child outcomes.  
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One unexplored avenue that could help our understanding of parenting in Latinx 

populations is neuro-imaging. Despite dozens of studies of the neural correlates of 

parenting in almost exclusively white samples, no studies have examined the neural 

correlates of parenting in Latinx parents. Such knowledge could inform basic science of 

parenting across cultural contexts and determine whether mechanisms of parenting are 

similar in Latinx compared to white groups that have been previously studied. The 

proposed study seeks to address this gap in the literature by examining the neural 

correlates of parenting in first generation Latinx parents and examining effects of 

stressors and cultural protective factors on parent neurobiology, parenting behavior, and 

child psychological outcomes.  

Effects of Stressors and Cultural Protective Factors on Parenting in Latinx Families 

Latinx families 

While stressors and cultural factors likely influence all immigrant groups in the 

United States, it is essential to understand the impact of such factors in Latinx immigrants 

because they are the largest immigrant population in the United States [44%, 2017 

Census) and are the target of recent anti-immigrant laws (e.g., SB1070 in Arizona) that 

are racially enforced against Latinx individuals based skin color and Spanish language 

use (Santos, Menjívar, VanDaalen, Kornienka, Updegraff, & Cruz, 2018). Current events 

such as this have had adverse effects on parenting outcomes (e.g., reduced parental 

monitoring, increased inconsistent and harsh discipline) (Ayón & Garcia, 2019) possibly 

through the effects of discrimination and other stressors on parents’ brain. Additionally, 

the immigrant paradox, whereby second generation Latinx youth fare worse for mental 
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health outcomes than their less-acculturated first generation counterparts, is most well-

documented and consistently found in Latinx populations compared to other immigrant 

groups (Gould, Madan, Qin, & Chavez, 2003), making it particularly important to 

strengthen protective factors, such as parenting, in first generation Latinx families. Thus, 

this study focused on Latinx families as a first step of research in understanding stress 

and protective factors and parenting in understudied immigrant groups. However, the 

proposed model of stress/protective factors influencing parenting (see below) may apply 

to other immigrant or marginalized groups.  

Stressors and protective factors 

 In terms of stressors that may impact parenting, Latinx parents—especially 

recently immigrated Latinx parents—often experience heightened stressors related to 

immigration, discrimination, poverty, and life events. For example, in a study of recent 

Latinx immigrant families, 25% of Latinx individuals reported experiencing significant 

stress related to immigration (e.g., separation from family members), and 50% reported 

stress related to discrimination (e.g., employment discrimination) (Potochnick & Perreira, 

2020). Moreover, poverty and general life event stressors (e.g., loss of employment, 

poverty related stressors) disproportionately affect Latinx families, with 2019 census data 

reporting nearly double the percentage of Latinx families (19.3%), compared to White 

families (8.8%), that live below the poverty level (Census Bureau 2019; Padilla, 

Cervantes, Maldonado, & Garcia, 1988).  

Importantly, these stressors may impact Latinx parents’ brain function and their 

ability to successfully parent (Kim et al., 2013). Research has shown that heightened 
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stressors are linked with compromised parenting behaviors, including parenting that is 

harsh or inconsistent (Abidin, 1992). On the other hand, while stressors can adversely 

affect parenting, cultural protective factors can positively affect parenting (Germán, 

Gonzalez, & Dumka, 2009). For example, higher levels of belonging within one’s ethnic 

identity (i.e., connection to Latinx culture), and familism (i.e., the family unit as a central 

source of support) have been linked with more positive parenting and better child 

psychological outcomes in Latinx families (Germán et al., 2009; Hill, Bush, & Roosa, 

2003; Pinderhughes, Dodge, Bates, Petit, & Zelli, 2000; Perez-Rivera & Dunsmore, 

2011). Families with high levels of familism, for instance, show higher parental 

monitoring, perhaps because closeness in the family may allow for more opportunities for 

monitoring (Germán et al., 2009).  

Parenting and Child Outcomes 

It is also important to understand what contributes to parenting behaviors in 

Latinx families because of the robust impact of parenting on child outcomes across 

development and ethnic groups (Amato & Fowler, 2002; Chang, Schwartz, Dodge, & 

McBride-Chang, 2003; Gershoff, Lansford, Sexton, Davis-Kean, Sameroff, 2012) 

including in Latinx families (Gershoff et al., 2012; Taylor, Conger, Robins, & Widaman, 

2015). 

 Early adolescence. While parenting is important across a child’s development, 

early adolescence (i.e. 10-14 years) is a particularly important period for the effects of 

parenting. At this time, there are several changes in the parent-adolescent relationship as 

youth start to assert autonomy though parenting continues to be highly protective in 
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adolescence (Clark & Ladd, 2000; Collins & Laursen, 2004). Also, during early 

adolescence, several psychopathology symptoms (especially internalizing symptoms) 

increase, but parenting is known to be protective against these symptoms (Scaramella, 

Conger, & Simons, 1999). Additionally, early adolescence is a time period that has been 

used in some previous neuro-imaging studies in predominantly White families and it 

would be helpful to extend such work to culturally diverse families (e.g. Turpyn et al., 

2019; Morgan et al., 2015).  

Behavioral research, primarily in White families, has found that parenting high in 

warmth, monitoring, and consistency and low in harsh or inconsistent discipline in early 

adolescence, longitudinally predicts positive psychological symptoms (e.g., both 

internalizing and externalizing) into middle and late adolescence (Lansford, Laird, Petit, 

Bates, & Dodge, 2014). However, there is some evidence to suggest that the relationships 

between parenting constructs (e.g. warmth and harsh discipline) and child outcomes may 

differ in ethnic minority groups that may have different norms around parenting 

(Greening, Stoppelbein, and Luebbe 2010). Because this is largely unstudied in Latinx 

families, it is important to study the relationships between parenting and child outcomes 

in and of itself, rather than assuming that the white model of “adaptive parenting” fully 

applies in Latinx families.  

Brain Mechanisms of Parenting  

As mentioned in the background for Study 1, many neuro-imaging studies in 

predominantly White middle-income samples have identified fronto-cingulate, 

subcortical, and posterior-parietal networks to be most consistently recruited in response 
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to a variety of child stimuli. Hypothesized functions of this overall “parenting-related 

neural network” include emotion-related, reward, social-cognitive, and sensorimotor 

functions. This overall network also correlates with observed and reported parenting 

outcomes in many studies. Notably, a study using the same task as this study with White 

mothers (videos of child expressing emotion) found activation in ventral striatum and 

insula (reward and emotion related functions) correlated to poorer mother-adolescent 

relationship quality (Morgan et al., 2015).  

Latinx Parents. We expect that the neural networks underlying parenting in 

Latinx mothers will be similar to those of White mothers in many ways. However, this 

study will test this and will uniquely examine the impact of stressors and cultural factors 

on these parenting-related neural networks. For example, Latinx mothers with high stress 

may show particularly high responses in fronto-cingulate regions associated with 

emotional arousal, but this activation may be buffered by high cultural protective factors.  

Stress and Protective Factors, Brain Function, and Parenting  

Notably, a separate body of research has found that life stressors, including high 

poverty and discrimination, affect function in many of the same brain regions associated 

with parenting. Studies have shown that high childhood poverty predicts future 

heightened activation in regions thought to support emotional arousal and regulation 

(e.g., amygdala and lateral PFC) in adults (Gianaros, Horenstein, Harir, Sheu, Manuck, 

Matthews, & Cohen, 2008; Kim et al., 2013; Muscatell et al., 2012). Also, studies have 

found that discrimination stress predicts heightened activation in networks implicated in 

social cognition and emotion regulation in adults (Akdeniz et al., 2014; Masten, Telzer, 
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& Eisenberger, 2011) Thus, stress affects function in emotion and social cognition-

related brain networks: many of the same networks involved in parenting.  

There have been a few studies of stress’ impact on brain function in parenting 

tasks. These studies found that higher stressors (e.g., life events stressors) were correlated 

with higher mother’s response to own child negative stimuli in regions related to 

emotional arousal and social cognition, blunted response in regions related to emotion 

regulation (Laurent, Stevens, & Ablow, 2011; Schechter et al., 2011). And, one study that 

examined neural correlates of parenting in a high poverty and ethnically diverse sample 

compared to a non-poverty primarily White sample of adults, found that similar networks 

are activated in both groups, but the high poverty group had heightened activation in 

networks thought to be related to emotional arousal and reward (e.g., insula, striatum, 

hippocampus) and blunted activation in regions thought to be regulatory (e.g., prefrontal 

cortex) (Kim, Ho, Evans, Liberzon, & Swain, 2015). Thus, we expect that parents 

exposed to high stressors, including Latinx immigrant parents, would activate expected 

parenting-related networks but to a greater or lesser degree, which may also depend on 

level of cultural protective factors.  
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Figure 4. Conceptual Model 
 
 
 

We propose a model based on theories of family stress (Conger, Elder, Lorenz, 

Simnons, & Whitbeck, 1994) and the impact of culture on parenting (Ogbu, 1984; 

Halgunseth, Ipsa, & Rudy, 2006). Our model proposes that stressors faced by Latinx 

parents (and other immigrants) (e.g., immigration-related and discrimination stress) and 

general stressors that disproportionately affect Latinx families (e.g., life event stressors) 

impact parent’s brain function in parenting-related neural networks (related to emotional 

arousal, emotion regulation, social cognition, and sensorimotor functions) which in turn 

predicts parenting and child psychological symptoms (Figure 4). We also propose that 

cultural protective factors (e.g. ethnic identity and familism) will impact parent’s brain 

function in these networks, which will predict greater positive parenting and lower child 

psychological symptoms. 

Significance 

 Research finds that parenting can protect against poor child psychological 

outcomes across ethnicities (Amato & Fowler, 2002; Change, Schwartz, Dodge, & 

McBride-Change, 2003; Clark & Ladd, 2000; Gershoff, Lansford, Sexton, Davis-Kean, 
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& Sameroff, 2012; Pinderhughes, Dodge, Bates, Petit, & Zelli, 2000; Perez-Rivera & 

Dunsmore, 2011; Stice, Barrera, & Chassin, 1993; Taylor, Conger, Robins, & Widaman, 

2015). Further, Latinx parenting is poorly understood, especially at the neural level, 

which is needed to fully understand determinants of parenting given evidence that 

parenting behavior can be explained in part by differences in brain activity. This study 

will result in: 

1. An MRI method of assessing neural correlates of parenting: Our MRI method 

could evaluate the neural effect of interventions in Latinx parents, as has been 

done with White parents, by informing what neural signatures are more adaptive 

and thus what neural changes effective interventions might produce.  

2. Basic science information on the neural pathways of parenting in group exposed to 

high levels of stressors and that is understudied and underserved group, which will 

add to knowledge of the biology of parenting in diverse contexts.  

No studies have examined neural correlates of parenting in ethnic minority 

groups. Our pilot sample of mothers is low to middle-income and first generation, 

meaning they have immigrated to the United States during their lifetime (some likely 

undocumented). Taken together, recently immigrated Latinx families may be 

disproportionately exposed to stress, which is known to have a robust impact on both the 

brain and parenting. Thus, understanding strengths and stressors in this community that 

may relate to important parenting, brain, and child outcomes may help in reducing health 

and research disparities. It may also help to inform our understanding of Latinx 

parenting, and thus how to best support it.  
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Method 

Participants & Procedures 

This pilot study included 16 first generation Latinx mothers and their 10-14-year-

old adolescent child recruited partly from a larger study on family predictors of 

adolescent psychological and risk behavior outcomes and partly from the community via 

flyering at local Latinx grocery stores, through social media, at health clinics, and 

through relationships with local churches that offer Spanish services. Mothers were 

selected rather than both mothers and fathers to be consistent with previous neuro-

imaging research, which overwhelmingly focuses on mothers, and to increase the 

likelihood of recruitment success (given the documented difficulty of recruiting Latinx 

fathers) (Reidy, Orpinas, & Davis, 2012). Inclusion Criteria were: (1) First-generation 

Latinx mother (or female legal guardian) of a 10-14-year-old child, (2) mother was MRI 

eligible (e.g., no metal in body), (3) parent and child did not have serious medical or 

neurological disorder.  

Mothers from the larger study that were interested in this study were screened by 

a Spanish-speaking Research Assistant (RA) for this study’s inclusion criteria as were 

mothers outside of the larger study that are recruited from the community. If criteria were 

met and mothers were interested, they were consented in their preferred language and 

scheduled for a study session. This study included one study session in which mothers 

and their child completed a 6-minute mother-child interaction task (to provide child video 

clips for the fMRI task). Then mothers alone completed questionnaires (see below; 45 
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minutes to an hour) and a 35-minute MRI scan in which they viewed videos of their child 

from their interaction task and another child.  

The mothers in this study had an average age of 41.34 years (SD=4.38), lived in 

the U.S. for an average of 19.95 years (SD=11.26), with a wide range of incomes 

generally falling below the median income of the area from which they were recruited 

(12.5 % income $<15,000; 12.5% income $15,000-24,999; 6.3% income $25,000-34,999; 

12.5% income $45,000-59,999; 18.8% income $60,000-74,999; 18.8% income $75,000-

100,000; 6.3% income $100,000-125,000; and 12.5% $125,000-150,000). Target children 

were 56.3% boys and 43.8% girls with an average age of 11.75 (SD=1.39). Mothers had a 

diversity of countries of origin as well. 25% of mothers listed their country of origin as 

Mexico, 18.75% as Peru, 18.75% as El Salvador, 12.5% as Colombia, 6.25% as 

Nicaragua, 12.5% as Bolivia, and 6.25% as Venezuela.  

Questionnaire Procedures 

 Mothers completed study questionnaires after their interaction task. A Spanish-

speaking RA was present at all times to answer questions. All of the questionnaires were 

translated to Spanish and back translated (or professionally translated by the makers of 

the questionnaire) and have been used and validated in Latinx populations with good 

psychometric properties (Arbona, Olvera, Rodriguez, Hagan, Linares, & Wiesner, 2010; 

Crockett, Iturbide, Torres Stone, McGinley, Raffaelli, & Carlo, 2007; Cuellar, Arnold, & 

Maldonado, 1995; Daza, Novy, Stanley, & Averill, 2002; Haack, Gerdes, Schnieder, & 

Hurtado, 2011; Hannan, Brooten, Youngblut, Hildago, Roche, & Seagrave, 2015; Kam, 

Baseingeer & Guntzviller, 2017; Loukas & Prelow, 2004; Rubio-Stipec, Bird, Canino, & 
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Gould, 1990; Umaña-Taylor & Updegraff, 2007). Questionnaires were delivered in either 

Spanish or English depending on the mother’s preferred language. 

Demographics		

Mothers were asked their country of origin as part of demographic questions that 

also asked about items such as income level, acculturation level (e.g. language spoken in 

the home, with friends, language one thinks in), marital status, and maternal age, and 

child age and gender.  

Stressors		

 Life Events stressors, including poverty related stressors, were be assessed 

through the Life Events Inventory (LEI; Cochrane & Robertson, 1973), a 57-item self-

report assessing the number of stressful life events in past 12 months (e.g., divorce, loss 

of job, poverty related stressors). The total number of LEI events were sum scored to 

indicate life stressors more broadly. Since the LEI is a dichotomous checklist and not 

meant to “hang together” alphas for reliability were not calculated but the measure has 

demonstrated strong validity in other studies (Cochrane & Robertson, 1973).  

Immigration stressors and discrimination stressors were assessed with 

immigration and discrimination subscale of the Hispanic Stress Inventory (Cervantes, 

Padilla, & De Snyder, 1990) which includes 17 items checklist in yes/no format assessing 

stressors related to being separated from one’s family, language barriers, and 

discrimination based on Latinx ethnicity (example item: “I have been questioned about 

my legal status”). Like the LEI, the HSI is a checklist not intended to “hang together” and 
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thus alphas were not calculated though validity has been strong in previous studies 

(Cervantes et al., 1990).  

Cultural	Protective	Factors	

Sense of association and belonging with one’s ethnic identity was assessed using 

the belonging with Ethnic identity subscale of the Multigroup Ethnic Identity Measure 

(Phinney, 1992). High scores on this measure indicate strong identification with the 

participants ethnic identity and seeking supports within their ethnic group (example item: 

“I am happy that I am a member of the group I belong to”). Reliability of the MEIM 

belonging subscale was excellent in this sample (α=.95).  

Familism was assessed with the total sum score on the Attitudinal Familism Scale 

which was developed and validated in Latinx populations and assesses family support 

and connectedness and use of the family as a referent for making decisions (Steidel & 

Contreras, 2003; example item: “A person should cherish the time spent with his or her 

relatives”). Reliability of the Familism scale was also excellent in this sample (α=.91).  

Parenting	
 Parenting was assessed with the Alabama Parenting Questionnaire (APQ). The 

APQ is a 42-item self-report of warmth/praise, involvement, monitoring, inconsistent 

discipline, and corporal or harsh punishment (Shelton, Frick, & Wootton, 1996). For the 

purposes of reducing the number of analyses scales were condensed into two constructs. 

Scales related to warmth/praise, involvement, and monitoring were added together 

(“warm/involved parenting”). These scales were highly correlated and related constructs 

(α=.70). Scales related to harsh and inconsistent punishment were also added together 

(“harsh/inconsistent parenting”). These subscales were also highly correlated and related 
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constructs and fell in the acceptable range per Nunnally and Bernstein alpha ranges 

(α=.62; Nunnally & Bernstein, 1994). Notably, parent brain function has been correlated 

with these parenting behaviors in the past (e.g. Atzil et al., 2011; Elmadih et al., 2016; 

Laurent & Ablow, 2012; Musser, Kaiser-Laurent, & Ablow, 2012; Turpyn et al., 2019).  

Child	psychological	symptoms	
 Child symptoms were also assessed with mother-report on the Child Behavior 

Checklist (CBCL) (Achenbach & Edelbrock, 1991). The CBCL is a 112-item measure of 

internalizing (e.g., feelings of depression), externalizing (e.g. acting out), and other 

psychological outcomes in children. The overall internalizing (including withdrawal, 

anxiety, depression, and somatic symptoms; α=.74) and externalizing subscale scores 

(including aggression, problem behaviors, and attention problems; α=.87) were used for 

the present analyses.  

PAIT Task 

 On the day of the MRI session, mothers completed the parent-adolescent 

interaction task (PAIT) (Chaplin, 2010). This task provided the video stimuli to be used 

in the fMRI Child Emotion Task. For PAIT, the mother and their child were video-

recorded while they participated in a two minute positive interaction (“talk about a 

pleasant event”), a two minute negative interaction (“talk about an area of conflict 

between you and your child in the past month”), and a two minute neutral interaction 

(“talk about your morning routine”). Videos were be immediately viewed by a trained 

bilingual coder, who selected two 16 second video clips of the child showing positive, 

negative, and neutral emotion in order to get the child expressing a range of emotions 

(based on vocal and behavioral cues from an established coding system) (Chaplin, 2010). 
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This lab has used this procedure in their current study, and it has reliably produced 

emotional clips.  

MRI Procedures and Measures 

MRI	Procedures	
 Mothers completed a 30-minute MRI scan, including structural and functional 

scans using a Siemens 3T Prisma MRI scanner. We provided childcare if needed and 

mothers were compensated for travel if needed ($20) and for participation ($100)/ 

fMRI Child Emotion Task (~12 minutes). We used a validated child emotion 

video task in which video clips of child emotion are drawn from the PAIT discussion task 

(Morgan et al., 2015). 16-second video clips of the child showing positive, negative, or 

neutral emotion during the PAIT task were presented. The use of video stimuli of 

mothers interacting with their child allows for increased external validity compared to 

images or audio to assess parenting-related neural networks (Swain & Ho, 2017). This 

task was selected because it has been used in past studies of mothers of adolescents and 

has been found to elicit brain activation that correlates with parenting behaviors measured 

in the APQ (e.g. parent warmth) and with child psychological symptoms (Morgan et al., 

2015; Swain & Ho, 2017). 

The Child Emotion Task (Morgan et al., 2015), involves viewing 16-sec video 

clips of the mothers’ own and an unfamiliar (matched in gender and ethnicity) adolescent 

showing negative, positive, and neutral emotion during the PAIT task (24 clips total- 2 

for each condition shown twice). The 16-sec clips are presented in a block design 

interspersed with 10-sec rests across two 6-minute runs. In each run, negative, positive, 

and neutral clips were alternated with own- and other-adolescent clips. Order of 
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presentation was counterbalanced across runs. Given that this study was the first of its 

kind and there were not emotion specific hypotheses, own child runs were added together 

and contrasted with other child runs to give as broad of information as possible, 

consistent with several previous studies (e.g. Elmadih et al., 2016; Neukel et al., 2019).  

fMRI Data Acquisition. Functional images of the blood oxygen level dependent 

(BOLD) response during tasks were acquired using T2*-weighted gradient echo 

echoplanar imaging (GE EPI) (TR/TE = 1200/33ms; FOV = 230mm; matrix = 96x96; 

voxel size=2.5 x 2.5 x 2.5mm; MB=4; P/E=AP)). Opposing P/E direction acquisition 

field maps were be acquired for the reduction of geometric distortion. A high resolution 

T1-weighted volumetric MPRAGE sequence (TR/TE = 2400/2.14ms; Flip: 8 degrees; 

256 sagittal slices; 0.8mm isotropic voxels; GRAPPA = 2) and a T2-weighted SPACE 

sequence (TR/TE = 3200/560ms; 256 sagittal slices; 0.8mm isotropic voxels; GRAPPA = 

2) scan were acquired for anatomical co-registration. 

Statistical Design and Power  

There have been no studies to date on the constructs of interest in Latinx families. 

Thus, there is limited information to base power analyses on. Additionally, due to 

COVID-19 shutting down scanning procedures for a year of the funding timeline, the 

projected sample size was about half of its originally intended size. There are however 

several related neuroimaging studies in White samples with similarly small samples that 

do find effects for the effect of stress on the brain and the brain on parenting (e.g. Barrett 

et al., 2012; Kuo et al., 2012; Thijssen et al., 2018), thus it is possible that effects would 

be found in the current sample despite its size. Nonetheless, this sample is thought of 
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more as a pilot study to test these initial hypotheses in an exploratory manner and provide 

effect sizes for future larger studies as opposed to a larger more well-powered study that 

could test these hypotheses in more detail.  

Analytic Plan 

fMRI	Preprocessing	and	Preliminary	Analyses	
fMRI data were analyzed using FMRIB’s Software Library version 5.0 (FSL; 

Jenkinson, Beckmann, Behrens, Woolrich, & Smith, 2012). Data were motion corrected, 

B0 unwarped, and slice-timing corrected using fMRIprep software prior to analysis in 

FSL (Jenkinson, Beckmann, Behrens, Woolrich, & Smith, 2012). Additionally, a 1/96 

high pass temporal filter was applied to the data to remove frequency drifts. Then data 

were co-registered to each subjects MPRAGE anatomical image then the Montreal 

Neurological Institute (MNI) template. Subjects with motion outliers (motion exceeding 

3mm for one TR or exceeding 1.5 mm for >= 80% of the TRs) were excluded from 

analyses. First level analyses were conducted using FMRIB’s Improved Linear Model 

(FILM). In first level analyses, regressors were added for onset and duration of events 

and convolved with a double-gamma hemodynamic response function. Nuisance 

regressors for motion correction parameters were added and remaining runs with motion 

greater than 1.5 mm (but less than 3mm) for one TR were run through FSL’s motion 

outlier function. Data were also prewhitened. Next, multiple regressions estimated the 

effect of the task. BOLD responses to videos of one’s own child as compared to another 

child were used to create our contrast of interest (own> other child). This contrast reflects 

BOLD activation to own child stimuli, controlling for general activation to a child overall 

(unfamiliar child). 
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Functional	Whole	Brain	Analyses	
Given that these effects have not been examined before in Latinx families, we 

decided to conduct whole-brain exploratory analyses to test our hypothesis that cultural 

stressors and protective factors, parenting, and child outcomes would relate to maternal 

brain function in response to their child rather than targeted region of interest (ROI) 

analyses. Our analyses focused on the association between maternal whole brain response 

to the own child expressing all emotions (positive, negative, neutral) > other child 

expressing all emotions (positive, negative, neutral). Whole-brain analyses were 

conducted using FSL’s FLAME mixed effects model and were corrected for multiple 

comparisons using a voxel-based threshold of z > 2.6 and cluster-based correction of p < 

0.05.  

Aim 1: Investigate the role of stressors and cultural protective factors on 

maternal brain function  

We hypothesized that stressors and/or cultural protective factors would be 

associated with regions related to emotional arousal, emotion regulation, reward, social 

cognition, and sensorimotor functions to child emotional stimuli. This was tested with 

whole brain analyses examining parent neural activation to their own child as compared 

to another child (own child> other child). Whole brain analyses were conducted using 

FSL to estimate the random effects (across participant) with stressors (Life event 

stressors, Immigration and discrimination stress) and cultural protective factors (Ethnic 

identity belonging, Familism) as fixed effect predictors, as above. 
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Aim 2: Examine correlations between brain function and parenting 

To examine associations between parental brain function and parenting, whole 

brain analyses were conducted, as above, with the composite parenting scales 

(“warm/involved parenting”; “harsh/inconsistent parenting”) as predictors.  

Exploratory Aim 3: Investigate associations between parenting-related neural 

networks and child outcomes 

 To examine associations between parental brain function and child psychological 

symptoms, whole brain analyses were conducted as above, predicting child internalizing 

and externalizing symptoms.  

Covariates 

In analyses, covaried any demographic variables that are significantly related to 

our predictors or outcomes. Demographic variables examined include: child age, child 

gender, parent age, acculturation level, and family income.  

Results 

Data Inspection 

Data were inspected for outliers (values > 3 standard deviations [SD] of the mean 

in either direction). Familism was the only variable that had one value greater than 3 SDs 

from the mean. This value was windsorized (replaced with the respective value at 3 SD of 

the mean) to reduce the influence of this value. All variables had skewness and kurtosis 

values less than +/- 2.5. There was no missing data for the variables of interest.  
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Descriptive Statistics and Correlations 

Means, standard deviations, and range of all study variables are provided in Table 

3. Correlations among study variables are listed in Table 4. Notably, correlations revealed 

that higher mother-reported immigration and discrimination stress was significantly 

associated with higher reported child externalizing behaviors. Also higher reported 

familism was significantly related to higher warm/involved parenting.  

 

 

Table 3. Descriptive Statistics 
Response Measures Mean Standard 

Deviation 

HSI total 7.50  6.94  

LEI total 7.19  4.98  

Ethnic Identity Belonging 21.94 7.38  

Familism 6.96 1.87 

Warm/Involved Parenting 80.50 11.48 

Harsh/Inconsistent Parenting 18.44 4.21 

Child Internalizing Percentile 65.17 11.47 

Child Externalizing Percentile 59.96 10.99 

HSI= Hispanic Stress Index- Immigration and Discrimination Stress total; LEI= Life Events Checklist total 
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Table 4. Correlations Among Study Variables 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 

1. Child Age --            

2. Child Sex .16 --           

3. Family Income .31 .36 --          

4. Acculturation -.15 .21 -.26 --         

5. LEI -.19 .02 .06 -.33 --        

6. HSI stress -.41 -.29 .04 -.08 .39 --       

7. Ethnic Identity  .02 .18 -.36 .52* -.20 -.05 --      

8. Familism -.25 -.61* -.63** .14 .15 -.04 -.001 --     

9. Warm/Invol Par -.66** -.33 -.27 -.06 .19 .30 -.13 .54* --    

10. Harsh/Inc Par .07 -.16 .43 -.36 .19 .46 -.47 -.15 .16 --   

11. Internalize  -.08 -.20 .18 -.21 -.23 .07 -.04 -.35 -.09 .37 --  

12.  Externalize -.22 -.23 .14 -.26 .13 .52* .23 -.30 .18 .41 .62* -- 

 

LEI= Life Events stressors; HSI= Hispanic Stress Index (immigration and discrimination stress; Ethnic Identity= Ethnic Identity Belonging; Warm/involved 

Par= Warm/involved parenting; Harsh/In Par= Harsh/Inconsistent Parenting; Internalize= Child internalizing symptoms; Externalize= Child externalizing symptoms 

* Correlation is significant at the .05 level 

** Correlation is significant at the .01 level
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Covariates 

Demographic variables were added as covariates in analyses if they were 

significantly related to one of the predictors or outcomes. Of the demographic variables 

listed above, acculturation level, child sex, family income, and child age were 

significantly correlated to one of the predictors or outcomes and thus were added as 

covariates in all analyses. Specifically, higher reported acculturation level (e.g. Spanish 

or English language use, years in the united states) was significantly related to higher 

ethnic identity belonging. Child sex was significantly related to familism (with 

girls>boys) and the parent brain response in the own>other child contrast (with mothers 

of boys showing higher activation in the bilateral Lingual Gyrus and Precuneus). Lower 

family income was significantly related to higher familism. Child age was significantly 

related to the warm/involved parenting, such that older children had parents with lower 

reported warmth/involvement. Mothers of older children also had significantly higher 

activation in the right Lingual Gyrus in the own>other child contrast. Given these 

significant associations, results of whole brains testing our aims are reported with these 4 

variables as covariates. However, we begin by exploring overall activation to the task 

which does not include covariates.  

Overall Brain Activation to Own>Other Child 

To provide a baseline understanding of activation to the task in this population 

overall a whole analysis of the contrast of own> other child was conducted. This analysis 

revealed 7 significant clusters. First, there was heightened maternal activation in the 
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Right Posterior Cingulate Cortex (PCC) and Precuneus in the own>other child contrast. 

The PCC is correlated with emotional arousal and salience (Maddock et al., 2003) and the 

Precuneus is correlated with social-cognitive processing (Cavanna & Trimble, 2006). 

Secondly, there were three significant clusters of activation in the bilateral Anterior 

Insula and Inferior Frontal Gyrus (AI/IFG) to the own>other child contrast, which is 

thought to play a key role in empathy (Bernhardt & Singer, 2012; Feldman, 2015). Third, 

there was heightened activation in the two clusters in the Left Superior Frontal Gyrus 

(SFG) with one overlapping with the MFG and Paracingulate Gyrus in the own>other 

child contrast. The SFG and MFG are in the motor cortex and underlie complex motor 

functions (Chouinard & Paus, 2010; Li et al., 2013; Martino et al., 2011). The 

Paracingulate Gyrus is involved in social cognition and theory of mind (Walter, 

Adenzato, Ciaramidaro, Enrici, Pia, & Bara, 2004).  Fourth, there was a cluster in the 

Superior Temporal Gyrus (STG) which is involved in emotional face processing and 

social cognition (Ruby & Decety, 2004). Findings for all brain analyses, with their 

specific coordinates, voxel size, and maximum z values, are listed in Table 5 and their 

activation maps are shown in Figure 5. 
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Table 5. Whole Brain Clusters with Model Predictors 
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Note: AI=Anterior Insula; IFG= Inferior Frontal Gyrus; SFG=Superior Frontal Gyrus; MFG=Medial Frontal Gyrus; PCC= Posterior Cingulate Gyrus; MTG=Medial Temporal Gyrus; 
LO=Lateral Cortex; aMCC=Anterior Medial Cingulate Cortex 
 
Figure 5. Whole Brain Activation with Model Predictors to Own>Other Child Contrast 
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Aim 1: Investigate the role of stressors and cultural protective factors on maternal 

brain function.  

Four separate whole brain analyses were conducted in the own>other child 

contrast with life events stressors, immigration and discrimination stressors, ethnic 

identity belonging, and familism as predictors of brain activation with the demographic 

variables covaried. No significant clusters were revealed for the life events stressors, 

ethnic identity belonging, or the familism whole brain analyses. However, higher 

immigration and discrimination stressors was significantly related to higher brain 

activation to own>other child in two clusters in the Left superior SFG (overlapping with 

the supplementary motor area) and Left anterior Medial Frontal Gyrus (MFG)/SFG. 

These regions are hypothesized to contribute to motor functions, as above (Rao et al., 

1995; See Table 5). 

Aim 2: Examine correlations between brain function and parenting  

Two separate whole brain analyses were conducted with warm/involved parenting 

and harsh/inconsistent parenting as predictors of brain activation to own>other child. No 

significant clusters were revealed for warm/involved parenting.  

However, higher harsh/inconsistent parenting was significantly related to higher 

activation in six clusters to own>other child. The first cluster emerged in the R Medial 

Frontal Gyrus (MFG), related to motor control (Rao et al., 1995). The second cluster 

emerged in the R mid to posterior Insula, related to actual subjective experiences of pain 

or distress (e.g. emotional arousal) (Craig & Craig, 2009; Duerden et al., 2013). Third, a 
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cluster emerged in the L Posterior and Precentral Gyrus, related to motor responses, and 

two clusters in the lateral Occipital Cortex, related to visual object recognition (Grill-

Spector, Kourtzi, & Kanwisher, 2001). A fourth cluster was found in the L anterior 

midcingulate cortex (aMCC), which correlates with negative emotional arousal related to 

fear and anger (Tolomeo et al., 2016). Lastly, the R Middle Temporal Gyrus (MTG) was 

significantly related to harsh/inconsistent parenting as well. The MTG is related to verbal 

and gestural processing of salient social and emotional information such as 

nonverbal/postural cues and facial cues (Papeo, Agostini, & Lingnau, 2019).  

Exploratory Aim 3: Investigate associations between parenting-related neural networks 

and child outcomes 

Separate whole brain analyses were conducted in the own>other child contrast 

with child internalizing and externalizing symptoms on the CBCL as predictors of brain 

activation. No significant clusters were revealed for the child internalizing symptoms 

whole brain analyses. However, higher child externalizing symptoms were significantly 

related to higher activation in two clusters in the bilateral inferior frontal gyrus (IFG), a 

region involved in social cognitive processes, including most notably, empathy.  

Discussion 

Overall, this study found activation in some neural networks that mirror the 

general parent neuroimaging literature with some unique associations with stress, 

parenting, and child outcomes in a previously unstudied demographic group. These 

results replicate some findings in with primarily White groups and underscore the 

importance of considering particular stressors, and especially immigration and 
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discrimination stressors, when understanding parenting in first generation Latinx 

families. Additionally, results highlight that not only do these patterns of brain activation 

predict parenting but also child externalizing symptoms. This highlights the potential of 

informing maternal neural phenotypes associated with positive child outcomes as the 

field begins to develop interventions that are culturally tailored to the needs of the Latinx 

community. However, given the small sample size of this study, results are viewed as 

preliminary and larger studies are needed to replicate and extend these findings.  

Overall Brain Activation to Own>Other Child 

 Results in the overall analysis of total maternal brain activation to their own child 

as compared to another unfamiliar child revealed significantly heightened activation in 

regions hypothesized to underlie functions related to emotional arousal, social cognition, 

and motor coordination. In particular, the PCC and Precuneus, posterior and anterior 

SFG/SMA, AI/IFG, Paracingulate Gyrus, and STG showed significant activation in the 

own compared to other contrast of the child emotion task. To begin, the PCC serves 

emotional and social cognitive functions and is hypothesized to respond to the emotional 

content of events, especially if they are self-relevant (Maddock et al., 2003; Vogt et al., 

2006). The Precuneus was also a part of this cluster and is often cited to serve similar 

social cognitive and self-referential functions as the PCC with some additional episodic 

memory functions (Cavanna & Trimble, 2006; Fletcher, Frith, Baker, Shallice, 

Frackowiak, & Dolan, 1995; Kircher et al., 2002).  

Additionally, the AI/IFG further adds to these possible neural foundations for 

empathy. The AI/IFG responds to both own and other pain in electric shock studies and is 



96 
 

hypothesized to play a key role in empathizing with another’s emotions or experiences, in 

this case their child’s. Consistent with other social cognitive regions, the Paracingulate 

Gyrus was also significantly related to own>other child maternal activation. The 

Paracingulate Gyrus is related to theory of mind and anticipating the intentions of others 

(Walter et al., 2004). Lastly, at the intersection of social cognitive, emotional arousal and 

sensorimotor functions, the STG was a significant cluster in the overall analysis, which is 

thought to allow for processing emotional faces and identifying social relevant cues and 

noises amongst a host of sensorimotor input, possibly allowing parents to sort for 

information relevant to their child and their child’s emotions (Golumbic et al., 2013).  

Activation in these regions may allow mothers in this context to focus on emotionally 

relevant cues from their child and relate these cues to their own experiences (e.g. 

perspective taking and theory of mind), possibly providing foundations for 

sensitive/empathic responding to their child. This is consistent with findings in the 

overall literature with mostly White families (e.g. Leibenluft et al.,  2004; Neukel et al., 

2019) and in study 1 of this dissertation that found a key role for empathy related regions 

in responding to one’s child. Research on parenting in Latinx families also highlights 

high levels of nurturance, related to empathy, particularly for families originating from 

Mexico or El Salvador, which made up a large portion of the current sample (De Von 

Figueroa-Moseley, Raney, Keltner, & Lanzi 2006). 

Lastly, related to physical components of empathy, the posterior SFG/SMA is part 

of the motor control network which coordinates movements, including complex hand 

movements, and is involved in embodied simulation of the movements of others (Li et 
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al., 2017). This may indicate that mothers are representing their child’s movements 

mentally as their own or imaging movements towards caring for and comforting their 

child. Overall, heightened activation in hypothesized networks that underlie emotional 

arousal, social cognition, and motor control was found, with most regions relating in 

some way to components of empathy, consistent with and extending behavioral literature 

on Latinx parenting.  

We did not find activation in hypothesized emotion regulatory and reward regions 

that are often found in previous neuro-imaging literature with predominantly White 

middle-income mothers. This may indicate that responding to one’s child in Latinx 

mothers may be more centrally related to identifying the child’s emotions/experiences, 

tying it to the parent’s own experiences. Responding to their child may also involve 

activating in response to the needs of the child rather than activating out of a sense of the 

child as rewarding or to downregulate the parent’s own emotions in response to seeing 

their child expressing emotions. Possibly, reward related structures are more relevant to 

parenting an infant as well, as found in Study 1, when the child entirely relies on the 

parent for survival than parenting and adolescent.  

Stressors and Cultural Protective Factors 

In analyses examining stressors and cultural protective factors associated with 

maternal brain responses to their child, only immigration and discrimination stress 

significantly predicted brain activity. Specifically, high levels of immigration and 

discrimination stress related to heightened brain activation in superior portions of the 

SFG and anterior portions of the MFG, two motor-related regions. These regions relate to 
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complex movements and embodied simulation as described above. Perhaps high levels of 

stress, especially currently salient stressors related to immigration and discrimination, 

may increase a parent’s desire to move towards caring for their child or may make them 

particularly attentive to the movements of others when they are in a state of 

hypervigilance. Perhaps immigration stress is particularly salient for parenting-related 

neural networks as compared with general life stressors which may feel more manageable 

to parents than things like threat of deportation, which could uproot a family’s life. Also 

of note, high immigration and discrimination stress significantly related to higher child 

externalizing symptoms with a large effect size in the correlations and thus the brain may 

provide a pathway from high stress to higher externalizing symptoms in Latinx families, 

though mediation was not directly tested in our model due to low power. 

Contrary to our hypotheses, the cultural protective factors that were examined did 

not significantly relate to brain activity (ethnic identity belonging and familism). While 

low power with our small sample size may have played a role in this lack of findings, it is 

also possible that protective factors relate to parenting and child outcomes, but not brain 

function itself and thus the mechanism may not be through the brain. Indeed, our 

correlations suggest a significant direct effect of high familism on high warm/involved 

parenting with a large effect size despite the fact that the brain was unrelated to familism. 

It also may be the case that stressors exert a stronger influence on the brain than cultural 

protective factors given the intensity of current immigration and discrimination stressors 

in this country and the well documented effect of stress on the brain.  
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Brain Function and Parenting 

In analyses examining maternal brain responses to their child associated with 

reported parenting, there were significant clusters for authoritative and harsh/inconsistent 

parenting. There were no significant findings for warm/involved parenting.   

By contrast, in the harsh/inconsistent parenting analyses, several clusters with 

varied functions emerged. Heightened brain activation in negative emotional arousal, 

sensorimotor function (visual and motor), and some social cognitive related regions was 

related to high harsh/inconsistent parenting. First, in Latinx mothers, there was 

heightened activation in regions related to negative emotional arousal including fear 

responses (aMCC; Tolomeo et al., 2016) and distress and pain responses (posterior 

insula; Craig & Craig). Latinx mothers with higher neural negative emotional responses 

to their child report higher levels of harsh/inconsistent discipline. The presence of high 

negative emotional responses without recruitment of emotion regulatory networks likely 

makes it easier for parents to harshly or physically punish their child as a response to 

their own fear or distress. This also mirrors neuroimaging literature with mothers 

experiencing depression, known to impair parenting ability and result in heightened 

negative emotions evidence heightened activation in negative emotional arousal regions 

(Silverman et al., 2007). 

Additionally, heightened activation in regions related to sensorimotor processing 

including visual processing/object recognition (lateral occipital cortex; Grill-Spector et 

al., 2001) and coordination of complex motor responses (MFG; Rao et al., 1995) related 

to higher harsh/inconsistent parenting. Interestingly the immigration stressors related to 
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MFG responses as did harsh/inconsistent parenting, suggesting that the brain may be a 

possible pathway from stress to parenting behaviors, though this needs to be tested 

directly in future studies. Visually attending to, recognizing one’s child, and representing 

their movements, may similarly represent a hypervigilance towards one’s child. This may 

make parents particularly sensitive to any potential misbehaviors, which may then lead to 

more harsh parenting.  

Lastly, harsh/inconsistent parenting was associated with higher activation in the 

MTG, a region involved in language processing and socioemotional processing also 

evidenced heightened activation in response to one’s own child. the MTG is related to 

decoding verbal and nonverbal messages, particularly those that are emotionally salient 

(Papeo et al., 2019). Thus, again a parent’s greater attention to potentially relevant body 

and verbal messages of their child may represent a certain hyper-monitoring 

characterizing parents that are distressed by their child’s behavior and possibly quicker to 

harshly respond. Sensory hyper-attending to one’s child and high levels of negative 

emotional arousal such as pain and fear, may underpin harsh/inconsistent parenting 

behaviors in mothers. In previous literature with mostly White families, sensorimotor 

regions have not been as implicated in harsh parenting behaviors. However perhaps this 

is more related to parenting in Latinx mothers, because of acute stressors like fear of 

deportation or discrimination that may leave a parent feeling “on-edge”, including in 

response to their child, which may then lead to harsher parenting behaviors. Lack of 

findings for warm/involved parenting but not harsh/inconsistent parenting suggests that 

parent harshness may be more related to parenting-neural networks than 
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warmth/involvement which may not require the same level of coordination of 

sensorimotor and emotional arousal regions that allow a parent to react quickly and 

emotionally respond.  

Parent Brain Function and Child Outcomes 

Results of maternal brain response to their child predicting child externalizing and 

internalizing analyses, revealed no significant clusters for child internalizing and two 

significant clusters for child externalizing in the left and right IFG, related to social 

cognition. The IFG is a key node in the mirror neuron network which allows for 

visualizing the movements of another as your own (embodied simulation) and is involved 

in empathy (Liakakis, Nickel, and Seitz, 2011). This may underscore the importance of 

empathizing with your child when they have heightened externalizing behaviors in order 

to be able to respond calmly. On the other hand, child internalizing symptoms were not 

associated with significant maternal brain activation so perhaps it is more important for 

parents to recruit empathy related networks to respond to externalizing symptoms. Given 

that externalizing symptoms can often be particularly disruptive or at times provoke 

anger from others (e.g. throwing things, talking back, behavioral outbursts) a parent may 

have to recruit empathy related networks in particular to assist in understanding the 

child’s perspective and responding calmly rather than responding out of high levels of 

anger. Internalizing symptoms, such as withdrawing, are often less disruptive and might 

not initially require a parent to intentionally recruit empathy to the same degree. 

Interestingly, hypothesized regions related to emotional arousal, emotion regulation, 

reward and sensorimotor functions were not significant in these analyses highlighting that 
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perhaps these functions are not as central as empathy when it comes to responding to 

one’s child when they have high levels of psychological symptoms.  

Summary 

Overall, regions related to empathy—whether that is through embodied 

simulation in motor regions or actual subjective experiences of distress—in response to 

one’s child expressing emotion, appeared to play a key role in neural responses in Latinx 

mothers. Also, immigration and discrimination stress, though not other examined 

stressors and protective factors, related to heightened response from the motor control 

network, perhaps suggesting that parents with high immigration and discrimination stress 

may be “on edge” or hypervigilant and ready to act in accordance with threats in their 

environment. Some of the regions in the immigration and discrimination stress analyses 

(MFG) were also related to heightened harsh/inconsistent parenting, suggesting that such 

activation that may be influenced by stressors also in turn influences parenting that is 

harsh or inconsistent. Harsh/inconsistent parenting was also related to heightened 

activation of emotional arousal networks. Perhaps parents with high negative emotional 

responses, including fear and distress, may be quicker to “lash out” or parent harshly or 

be distracted and have a hard time staying consistent in parenting behaviors. Finally, 

activation in empathy networks was also related to heightened child externalizing 

behaviors, suggesting that parents may need to particularly recruit empathy in the 

presence of acting out behaviors, in comparison to internalizing behaviors, from their 

child. 
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Conclusions/Implications 

 Given the implication of empathy networks across several analyses, interventions 

to foster and increase empathy for instance through perspective taking training and 

increasing communication skills with one’s child to understand their perspectives may be 

particularly relevant for Latinx mothers and build on pre-existing strengths. Additionally, 

the finding that negative emotional and sensorimotor arousal related to harsh/inconsistent 

parenting, suggests that providing Latinx families, especially those with heightened 

stressors, with strategies for managing fear/hypervigilance in particular may be relevant 

and useful. Such fear is likely adaptive to an extent given the threats in their environment 

but supporting families around outlets for relaxation when it comes to parenting could be 

helpful. It is also interesting that familism was positively related to warm/involved 

parenting with a large effect size. This may suggest that intervention strategies that 

bolster familism and involve the entire family unit could be a useful culturally-relevant 

tool to help increase warm and involved parenting and prevent negative outcomes in 

Latinx families.  

Limitations/Future Directions 

 This study is limited by its small sample size and so important questions were not 

able to be explored due to low power. In addition, mothers were recently immigrated and 

were largely from Mexico and El Salvador and were living in a suburban community in 

the eastern US and so their experience may not reflect the experience of mothers from 

other Latinx communities. Moreover, given the pilot nature of the study and to be 

consistent with previous neuroimaging literature, this study only focused on mothers and 
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not fathers. Research consistently shows that fathers also play a key role in child 

development, and in Latinx cultures, fathers are often highly respected and have a lot of 

authority in the household. Therefore, a useful next step in this research would be 

examining these relationships in first generation Latinx fathers. Also, the lower alpha for 

harsh/inconsistent parenting, though still in the acceptable range, may have been affected 

by low sample size and a small number of items in those scales and is a limitation of the 

current study. As a result, results should be viewed as preliminary and replicated in a 

larger sample.  

Additionally, this study was limited by its cross-sectional nature which did not 

allow for causal conclusions or determining directionality of the findings. With the 

limited sample size, we also were not able to examine interactive effects though there 

may be interactive effects of stressors and cultural protective factors on brain responses 

and parenting and this would be an interesting future direction to understand the interplay 

of these factors. Overall, although this study is a pilot study with a small sample size, it 

does provide support for the impact of immigration stress on the brain and parenting and 

the role or parent brain function in child psychological outcomes in a previously 

unstudied and underserved group. Such information is an important first step towards 

understanding parenting in Latinx families and better supporting families through 

interventions.  
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