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Abstract

Humans are reliant on their caregivers for an extended period of time, offering numerous opportunities for environmental
factors, such as parental attitudes and behaviors, to impact brain development. The default mode network is a neural system
encompassing the medial prefrontal cortex, posterior cingulate cortex, precuneus, and temporo-parietal junction, which is
implicated in aspects of cognition and psychopathology. Delayed default mode network maturation in children and adoles-
cents has been associated with greater general dimensional psychopathology, and positive parenting behaviors have been
suggested to serve as protective mechanisms against atypical default mode network development. The current study aimed to
extend the existing research by examining whether within- default mode network resting-state functional connectivity would
mediate the relation between parental acceptance/warmth and youth psychopathology. Data from the Adolescent Brain and
Cognitive Development study, which included a community sample of 9,366 children ages 8.9-10.9 years, were analyzed
to test this prediction. Results demonstrated a significant mediation, where greater parental acceptance/warmth predicted
greater within- default mode network resting-state functional connectivity, which in turn predicted lower externalizing, but
not internalizing symptoms, at baseline and 1-year later. Our study provides preliminary support for the notion that positive
parenting behaviors may reduce the risk for psychopathology in youth through their influence on the default mode network.
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Introduction

Humans rely on their caregivers for a prolonged time, from
infancy to young adulthood. Due to this protracted devel-
opment, numerous opportunities exist for parenting prac-
tices to affect diverse systems (Bogin, 1997), including
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psychosocial, executive functioning, and emotion regulation
processes (Beyers & Goossens, 1999; Morris et al., 2017;
Steinberg et al., 1989). Consequently, parenting behaviors
have been studied for the impact they have on the neural
mechanisms underlying these systems (Callaghan & Totten-
ham, 2016; Farber et al., 2020; Glynn & Baram, 2019). The
default mode network (DMN) serves a crucial role in cogni-
tive and social functions (Andrews-Hanna, 2012). Atypical
DMN connectivity patterns have been linked with psycho-
pathology across the lifespan (Kim et al., 2016; Uddin et al.,
2008; Umbach & Tottenham, 2020; Wise et al., 2017; Zhao
et al., 2007). While parental factors and altered DMN con-
nectivity have independently been associated with the emer-
gence of psychopathology, no studies have investigated both
factors and their association with child symptoms.

Parental acceptance-rejection theory (PARTheory; Roh-
ner, 1980) highlights the impact of parental warmth on child
development. Consistent with this theory, child perceptions
of parental warmth and affection are associated with positive
psychological outcomes, including greater self-esteem and
emotional stability (Khaleque, 2013). Longitudinal studies
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show that greater parental warmth is associated with fewer
psychopathology symptoms and may attenuate anxiety and
depression (Rothenberg et al., 2020; Butterfield et al., 2021).
Additionally, lower parental warmth is associated with
increased internalizing and externalizing psychopathology
(Hipwell et al., 2008; Waller et al., 2018).

Childhood is characterized by periods of high neural
plasticity resulting in significant changes and reorganiza-
tion of neural systems (Huttenlocher & Dabholkar, 1997;
Perrin et al., 2008). DMN, which encompasses the medial
prefrontal cortex, posterior cingulate cortex, precuneus, and
temporal parietal junction, is one such network that matures
over the course of development (Wang et al., 2020, Fair
et al., 2008; Sato et al., 2014; Uddin et al., 2011). Specifi-
cally, these regions demonstrate very low resting-state func-
tional connectivity (RSFC) until ages 7-9 years, increas-
ing with age into young adulthood (Fair et al., 2008; Fan
et al., 2021; Sato et al., 2014; Uddin et al., 2011). Delayed
DMN maturation, assessed using a resting-state measure
of fractional amplitude of low frequency fluctuations, has
been associated with greater psychopathology in children
and adolescents, as rated on the Child Behavior Checklist
(Achenbach & Rescorla, 2014; Sato et al., 2016). Further, a
recent study using cross-sectional data from the Adolescent
Brain Cognitive Development (ABCD) study found reduced
DMN connectivity, suggesting a less mature pattern, asso-
ciated with greater callous-unemotional traits (Umbach &
Tottenham, 2020).

Genetic studies suggest that only an estimated 23% of the
functional connectivity of the DMN is heritable, which is
lower than other neural networks (Yang et al., 2016). Thus,
development of the DMN may be particularly susceptible to
environmental factors (Dégeilh et al., 2018; Rebello et al.,
2018; Zeev-Wolf et al., 2019). Several studies have exam-
ined the effects of early life adversity (e.g., abuse, neglect)
on DMN connectivity (Graham et al., 2015; Philip et al.,
2013), but these are limited in generalizability because most
children do not experience such extreme stressors. All chil-
dren experience varying levels of both positive and nega-
tive parenting behavior. Therefore, examining the impact
of normative parenting practices on brain development and
youth outcomes has the potential to have a broader impact
(Bhanot et al., 2021). Initial evidence supports such asso-
ciations between normative variations in parenting and the
development of DMN connectivity. Adenzato et al. (2019)
found that adult participants who reported greater dysfunc-
tional parenting as children showed weaker within-DMN
electroencephalography connectivity. Longitudinal work
has shown that when maternal parenting during early child-
hood supports child autonomy, a more mature connectiv-
ity pattern, evidenced by stronger negative connectivity
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between the DMN and salience network, is observed at age
10 (Dégeilh et al., 2018).

There is still much to be explored regarding the effects of
positive parenting on within-DMN RSFC and its putative
role in mediating the relation between parenting behaviors
and emotional and behavioral outcomes in late childhood.
The ABCD study offers a unique opportunity to explore
these relations in a large, longitudinal, multi-cultural data-
set. Here, we predicted that parental acceptance and warmth
would be associated with fewer emotional and behavioral
problems at baseline and one year later, and that these asso-
ciations would be mediated by within-DMN RSFC. As con-
nectivity amongst regions in the DMN does not begin until
middle childhood (Fair et al., 2008), the age range of the
baseline ABCD sample (9-10 years) offers an ideal time
to study this network as it is undergoing developmental
changes susceptible to environmental factors such as par-
enting. Child psychological and behavioral problems were
assessed broadly based on previous studies showing asso-
ciations with DMN connectivity (Sato et al., 2016); specific
associations with externalizing and internalizing domains
were examined. As recommended by a recent review exam-
ining associations between DMN development and environ-
mental experiences in childhood, sex differences were also
assessed (Rebello et al., 2018).

Methods
Participants

This study utilized baseline and 1-year follow-up data from
the publicly available ABCD study (Data Release 4.0; Octo-
ber 2021; http://dx.doi.org/10.15154/1523041). ABCD is a
longitudinal, observational study of neuroimaging, environ-
mental, psychological, and biological variables throughout
adolescence in over 11,000 individuals nationwide across
22 data collection sites. Comprehensive descriptions of the
aims (Jernigan et al., 2018; Volkow et al., 2018), recruitment
strategies (Garavan et al., 2018), and procedures (Auchter
et al., 2018) have been published elsewhere. All protocols,
procedures, and documents across sites have been approved
by, and are compliant with, human research protection pro-
grams and institutional review board regulations.

To explore the relations among the variables of interest
with a dimensional approach, we did not exclude for psy-
chiatric diagnoses, consistent with previous work (Sato
et al., 2016). Participants were excluded if they did not have
complete neuroimaging (n=_856) or survey data (n=297),
and siblings were removed at random to ensure the inde-
pendence of individual observations (n=1,924). Following
these exclusions, our sample size was reduced from 11,877
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to 9,366 youth ages 8.9-10.9 years at baseline and 8,811
youth ages 9.7-12.4 years at 1-year follow-up.

Phenotypic measures

Parental acceptance/warmth were assessed using the Accept-
ance subscale of the Child’s Report of Parent Behavior
Inventory (CRPBI-Acceptance), which was shortened from
ten to five items for the ABCD study (a=0.71; Barber et al.,
1994; Barber, 1997; Schaefer, 1965). Items are scored on a
three-point scale, and then averaged for a total score (Range:
1- 3); higher scores indicate greater parental acceptance/
warmth. For this project, we analyzed child reports on the
study caregiver.

Parents completed the Child Behavior Checklist (CBCL),
which assesses emotional and behavioral problems and is
normed for sex and age (Achenbach & Rescorla, 2014). Pri-
mary analyses used Total Problems T-scores (a=0.95), and
exploratory analyses used the Internalizing (i.e., anxiety,
depression, and somatic complaints; a=0.87) and Exter-
nalizing Problems (i.e., rule-breaking and aggressive behav-
ior; «=0.90) T-scores. For all scales, T-scores below 60 are
considered to be in the Normal range, those between 60—63
are considered to be in the Borderline Clinical range, and
those above 63 are considered to be in the Clinical range
(Achenbach & Rescorla, 2014).

Neuroimaging acquisition and preprocessing

Participants completed the magnetic resonance imaging
(MRI) portion of the baseline visits for the ABCD study
across sites using one of three 3.0 Tesla scanners (Siemens
Prisma, General Electric [GE] 750 and Philips) that utilized
multi-channel coils allowing for multiband echo planar
imaging acquisitions. Details of the ABCD imaging pro-
tocol are discussed elsewhere (Casey et al., 2018; Hagler
et al., 2019). Prior to scanning, participants completed MR
screening to confirm safety for MRI. The present study uti-
lized data from resting state functional MRI scans, described
in detail in Supplementary Materials.

DMN functional connectivity was measured using the
average of the correlations computed for every pair of
Fisher Z-transformed regions of interest (ROI) within the
DMN, defined using Gordon parcellations (Gordon et al.,
2016; Van Dijk et al., 2010). Visualizations of Gordon
parcellations for the DMN may be found elsewhere (Gor-
don et al., 2020).

Statistical analyses
Data were cleaned and analyzed using IBM SPSS Statis-

tics, Version 28.0 and PROCESS version 4.0 (Hayes, 2018).
Mediation analyses employed a bootstrap procedure with

10,000 bootstrap samples (Model 4, Hayes, 2018). Moderat-
ing effects of sex were assessed with a moderated-mediation
model using a bootstrap procedure with 10,000 bootstrap
samples (Model 8; Hayes, 2018).

Given evidence suggesting atypical DMN connectivity
patterns are associated with autism (Jann et al., 2015), we
repeated analyses excluding participants with a diagnosis of
autism spectrum disorder (ASD) according to parent report
to confirm this was not driving findings. To ensure that our
findings were not random due to a large sample and high
statistical power, we repeated analyses using RSFC of the
sensorimotor hand network (SMHN), a neural network not
predicted to relate to our variables of interest.

Exploratory analyses were conducted to test the putative
effects of demographic factors, child race and household
income, on the mediation analysis and to investigate dif-
ferential effects in maternal and paternal study caregivers.

Results
Sample characteristics

The final sample for the current study (n=9,366) was
48.4% female, and ages ranged from 8.92-11.00 years
(M=9.91 years, SD=0.62). See Table 1 for sample charac-
teristics. Mean CBCL T-scores were in the Normal range at
baseline and 1-year follow up. See Table 2 for descriptive
statistics regarding the primary variables of interest.

Mediation analyses

Mediation analyses were conducted to test whether within-
DMN RSFC at baseline mediates the relation between
CRPBI-Acceptance baseline scores (see Fig. 1) and CBCL
T-scores at baseline and 1-year follow-up (see Fig. 2).

The direct effect of CRPBI-Acceptance scores on CBCL-
Total T-scores, and the indirect effect were found to be sta-
tistically significant. Within-DMN RSFC significantly medi-
ated the relation between CRPBI-Acceptance scores and
CBCL-Total T-scores. Upon further investigation, within-
DMN RSFC significantly mediated the relation between
CRPBI-Acceptance scores and CBCL-Externalizing, but
not CBCL-Internalizing, T-scores. See Table 3.

Analyses were repeated with CBCL scores at 1-year
follow-up. The relations remained the same; within-DMN
RSFC significantly mediating the relation between CRPBI-
Acceptance scores and CBCL-Total and CBCL-Externaliz-
ing scores, but not CBCL-Internalizing scores. See Table 3.

Sex effects. As shown in Table 4, sex did not signifi-
cantly moderate relations with baseline or 1-year follow-up
CBCL T-scores. The direct effects of CRPBI-Acceptance
on all CBCL T-scores at baseline and 1-year follow-up were
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Table 1 Sample characteristics

Table 2 Descriptive statistics of variables of interest

Biological Mother
Biological Father

Characteristic Count (Percentage)
Age in Years — M(SD) 9.91 (0.62)
Female 4447 (47.5%)
Ethnicity
Hispanic 2005 (21.4%)
Non-Hispanic 7360 (78.58%)
No Answer 1 (0.0%)
Race
White 5906 (63.1%)
Black 1456 (15.5%)
American Indian/Alaska Native or Native 62 (0.7%)
Hawaiian or other Pacific Islander 234 (2.5%)
Asian 440 (4.7%)
Other Race 1134 (12.1%)
Mixed 133 (1.4%)
No Answer
Study Caregiver Type

7972 (85.1%)
947 (10.1%)

Adoptive Parent 229 (2.4%)

Custodial Parent 91 (1.0%)

Other 127 (1.4%)
Parent Highest Level of Education:

5 grade or less 15 (0.16%)

6-8" grade 117 (1.25%)

Some High School 494 (5.27%)

High School Graduate/GED
Some College
Associate’s Degree

998 (10.66%)
1,548 (16.5%)
1,213 (12.95%)

Bachelor’s Degree 2,576 (27.5%)
Master’s Degree 1,804 (19.3%)
Professional School Degree 272 (2.9%)
Doctoral Degree 315 (3.4%)
No answer 14 (0.1%)

Parent Current Marital Status:

Married 6261 (66.8%)
Widowed 75 (0.8%)
Divorced 863 (9.2%)
Separated 366 (3.9%)
Never Married 1172 (12.5%)
Living With Partner 55 (5.9%)
Refused to Answer 79 (0.8%)
Household Income
Less than $5,000 320 (3.4%)
$5,000-$11,999 331 (3.5%)
$12,000-$15,999 226 (2.4%)
$16,000-$24,999 418 (4.5%)
$25,000-$34,999 538 (5.7%)
$35,000-$49,999 734 (7.8%)
$50,000-$74,999 1179 (12.6%)
$75,000-$99,999 1251 (13.4%)
$100,000-199,999 2582 (27.6%)
$200,000 and greater 976 (10.4%)
No answer 811 (8.7%)

significant for boys and girls; the index of moderated-medi-
ation was not significant in any of the models.
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Measure Mean (Stand-
ard Devia-
tion)

CRPBI-Acceptance Score Baseline 2.78 (0.31)

CBCL T-Scores

Baseline

Total Problems
Externalizing Problems
Internalizing Problems
1-Year Follow-Up

Total Problems
Externalizing Problems 45.32 (10.15)
Internalizing Problems 48.92 (10.65)

Within-DMN RSFC Baseline 0.24 (0.06)

46.09 (11.34)
45.83 (10.33)
48.68 (10.67)

45.75 (11.24)

Secondary analyses: neurodevelopmental disorders

To confirm results were not driven by individuals with
ASD, analyses were repeated excluding youth with ASD
diagnoses. In the remaining sample (baseline: n=9,195;
1-year follow-up: n=8,651), the relations amongst these
variables remained the same, suggesting that ASD symp-
toms were not driving the association. See Supplementary
Table 1.

Control analyses: sensorimotor hand network

Mediation analyses were repeated to assess whether
within-SMHN RSFC would mediate the relation between
CRPBI-Acceptance scores and CBCL-Total, CBCL-
Externalizing, and CBCL-Internalizing T-scores. Within-
SMHN RSFC did not significantly mediate the relation
between CRPBI-Acceptance scores and any of the CBCL
T-scores. See Supplementary Table 2.

Exploratory analyses: demographics

First, mediations were repeated controlling for child race
and combined household income. The CBCL-Total T-score
mediation remained significant, but the CBCL-External-
izing T-score results did not. See Supplementary Material
for more details. Second, analyses were conducted sepa-
rately for maternal (baseline: n=7,972; 1-year follow-up:
n=7,518) and paternal (baseline: n=947; 1-year follow-
up: n=_881) study caregivers from separate families. In
mothers alone, mediations remained significant for CBCL-
Total and CBCL-Externalizing T-scores. These mediation
analyses were not significant in fathers.
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Fig. 1 Mediation model for
baseline analyses. Standardized
regression coefficients for the
relationship between CRPBI
parental acceptance/warmth
and CBCL Total (Model 1),
Internalizing (Model 2), and
Externalizing (Model 3) Prob-
lems T-scores at baseline medi-
ated by within-DMN RSFC. **
p<.01, *** p<.001

Fig.2 Mediation model for
1-year follow-up analyses.
Standardized regression
coefficients for the relation-
ship between CRPBI parental
acceptance/warmth and CBCL
Total (Model 4), Internalizing
(Model 5), and Externalizing
(Model 6) Problems T-scores at
1-year follow-up mediated by
within-DMN RSFC. ** p <.01,
% p<.001
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Table 3 Mediation analyses
Model Outcome Total Effect Direct Effect Indirect Effect [C1 95%] Py
1 CBCL Total Problems (Baseline) -3.46%** -3.37%% -0.09 [-0.15, -0.04] 0.03
11 CBCL Internalizing Problems (Baseline) -1.84%%* -1.82%%* -0.02 [-0.06, 0.02] 0.01
111 CBCL Externalizing Problems (Baseline) -3.78%%* =373k -0.05 [-0.10, -0.02] 0.01
v CBCL Total Problems (1 year follow-up) -3.37% =327k -0.11 [-0.17, -0.05] 0.03
v CBCL Internalizing Problems (1 year follow-up) -1.78%** -1.75%%* -0.03 [-0.07, 0.01] 0.01
VI CBCL Externalizing Problems (1 year follow-up) -3.68%** -3.627%** -0.06 [-0.11, -0.02] 0.02

All mediation models used CRPBI-Acceptance baseline scores as the independent variable and within-DMN RSFC at baseline as the mediating

variable. *** p-value <.001
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Table 4 Moderated-mediation analyses

Boys Model Outcome Direct Effect Indirect Effect [CI 95%]
1 CBCL Total Problems (Baseline) -3.49%%* -0.05 [-0.11, -0.01]
11 CBCL Internalizing Problems (Baseline) -1.99%** 0.00 [-0.03, 0.03]
111 CBCL Externalizing Problems (Baseline) -3.66%** -0.03 [-0.08, 0.00]
v CBCL Total Problems (1 year follow-up) =351 HF -0.06 [-0.13, -0.01]
A% CBCL Internalizing Problems (1 year follow-up) -1.80%** -0.01 [-0.04, 0.03]
VI CBCL Externalizing Problems (1 year follow-up) -3.69%** -0.03 [-0.08, -0.00]

Girls Model Outcome Direct Effect Indirect Effect [CI 95%]
1 CBCL Total Problems (Baseline) =287k -0.06 [-0.13, -0.01]
11 CBCL Internalizing Problems (Baseline) -1.26%* 0.00 [-0.03, 0.04]
111 CBCL Externalizing Problems (Baseline) -3.53 %% -0.03 [-0.08, 0.00]
v CBCL Total Problems (1 year follow-up) -2.73%%* -0.08 [-0.16, -0.02]
\" CBCL Internalizing Problems (1 year follow-up) -1.47%* -0.01 [-0.05, 0.03]
VI CBCL Externalizing Problems (1 year follow-up) -3.33%%* -0.04 [-0.09, -0.00]

Index of Moderated- Model Outcome Index [CI 95%]

Mediation

I CBCL Total Problems (Baseline) -0.01 [-0.07, 0.06]
1I CBCL Internalizing Problems (Baseline) 0.00 [-0.03, 0.02]
111 CBCL Externalizing Problems (Baseline) -0.00 [-0.04, 0.03]
v CBCL Total Problems (1 year follow-up) -0.02 [-0.10, 0.06]
A\ CBCL Internalizing Problems (1 year follow-up) -0.00 [-0.03, 0.02]
VI CBCL Externalizing Problems (1 year follow-up) -0.01 [-0.06, 0.03]

All mediation models used CRPBI-Acceptance baseline scores as the independent variable, within-DMN RSFC at baseline as the mediating
variable, and sex at birth as the moderating variable. * p-value <.05, ** p-value <.01, *** p-value <.001

Discussion

This is the first study to examine associations among paren-
tal acceptance/warmth, within-DMN RSFC, and psycho-
logical outcomes during late childhood. Using a large,
high-powered sample, we found direct effects of parental
acceptance/warmth on within-DMN connectivity and youth
psychological symptoms, and within-DMN connectivity on
youth symptoms. These findings support our hypotheses
based on findings from previous work (Sato et al., 2016).
Prior to this study, no investigations examined whether
within-DMN connectivity could explain the association
between parental acceptance/warmth and youth psycho-
logical outcomes. Specifically, higher within-DMN RSFC,
indicating a more mature connectivity pattern, mediated the
relation between greater parental acceptance/warmth and
lower overall psychopathology scores at baseline and one
year later. This appears to be driven primarily by external-
izing problems, as analyses of internalizing scores were not
significant. This supports previous findings showing associa-
tions between externalizing symptoms in youth, including
callous-unemotional traits and violent behavior, and abnor-
mal DMN connectivity (Sun et al., 2021; Umbach & Tot-
tenham, 2020). These results enrich our theoretical under-
standing of the relationship between parenting and youth
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outcomes, suggesting that connectivity within the DMN may
be a mechanism by which parental behaviors can promote
positive psychological outcomes. It is also important to note
that direct effects between parenting and child outcomes
remained significant, suggesting that other variables may
contribute to this association.

These novel findings complement and expand on the
PARTheory (Rohner, 1980) and studies linking greater
levels of parental acceptance/warmth with fewer psycho-
logical problems (Khaleque, 2013; Miller-Graff et al., 2016;
Romund et al., 2016), by suggesting a neural basis for the
relation between parental acceptance/warmth and child out-
comes. While previous research suggests that dysfunctional
parenting can adversely impact within-DMN connectivity
(Adenzato et al., 2019) and positive parenting may impact
general resting state network maturation (Dégeilh et al.,
2018; Pozzi et al., 2021), our results support and extend
these findings by indicating that positive parenting behaviors
might be related to within-DMN connectivity and, in turn,
psychological outcomes. As such, the significant mediation
findings provide support for the notion that positive parent-
ing behaviors promote the normative development of this
neural system, which may reduce the risk for externaliz-
ing psychopathology, providing a novel target for parent-
focused interventions. Given the role that the DMN plays in
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socioemotional processes (Li et al., 2014; Xie et al., 2016),
it may serve as an important intermediary between parent-
ing and youth outcomes. Though speculative, one potential
explanation for these findings is that through warmth and
acceptance behaviors, parents foster a positive relationship
with their children, which may teach them how to establish
their own positive relationships with others, impacting social
and behavioral outcomes.

Though we did not have a priori hypotheses regarding the
role of demographic variables, we did explore them. Sex was
not found to be a significant moderator of the present analy-
ses, despite previous research suggesting that sex differences
may exist (Ernst et al., 2019; Rothbaum & Weisz, 1994).
While within-DMN RSFC remained a significant mediator
between CRPBI-Acceptance and CBCL-Total T-scores after
controlling for income and child race, significant effects of
income on within-DMN RSFC and CBCL-Total T-scores
were also observed, such that higher income was associated
with greater RSFC and reduced CBCL Total T-scores. The
mediation results with CBCL-Externalizing T-scores were
no longer significant after controlling for income and child
race. This suggests that demographic variables may influ-
ence these relations in more complex ways than addressed
here, establishing a foundation for future work. Finally,
mediation analyses were found to be significant for mater-
nal, but not paternal, study caregivers, which may reflect
true differences between mothers and fathers, or a lack of
power for the paternal caregiver analyses. Additional work
is needed to understand these associations and specifically,
how they may differ between mothers and fathers within the
same families.

To address concerns that the large sample size might
result in detection of erroneous, random statistically sig-
nificant results, we tested this model with a neural network
not predicted to be related to our independent or depend-
ent variables: the SMHN. Results confirmed that it was
not significantly related to parental acceptance/warmth or
CBCL scores, nor did it significantly mediate the associa-
tion between these variables. These findings increase the
likelihood that our findings are not erroneous and may be
unique to the DMN.

The effect sizes of our results would be classified as small
per traditional effect size categorization (Cohen, 1988).
Small effect sizes, even very small ones, are not an unusual
occurrence in datasets as large and well-powered as ABCD
and have been much discussed (Dick et al., 2021, Funder &
Ozer, 2019). Our results are particularly meaningful since
the DMN does not begin to show connectivity amongst all
regions until ages 7-9 years and does not reach full maturity
until well into young adulthood (Fair et al., 2008). This sam-
ple consisted of a narrow age range of 8.9-10.9 years, when
DMN connectivity is typically in the early stages of devel-
opment. Therefore, while the effect sizes were relatively

small, the fact that significant brain connectivity associated
with parenting and psychopathology at this young age were
detected lends additional support to our results.

There are several limitations to consider. First, while
the finding that significant effects remained when examin-
ing CBCL scores at 1-year follow up supports the direction
of our proposed model, the relation between parenting and
youth behavior is a reciprocal one (Burke et al., 2008; Serbin
et al., 2015). Second, we used child report of parenting and
parent report of child functioning; however, child-perceived
parenting may be influenced by a child’s current function-
ing and mood, and parents with less warmth and acceptance
may perceive their children more negatively (Allmann et al.,
2021). Future studies should utilize multi-method assess-
ments to examine these relations. Third, though mediation
typically involves three time points, using fewer time points
is considered acceptable to lay the foundation for future
more extensive, longitudinal analyses (Hayes, 2018). Fourth,
although head motion was not expected to impact hypoth-
esized mediation effects, and the ABCD study implements
several protocols to minimize motion, this cannot be ruled
out given known effects of motion on resting state functional
MRI studies of children (Satterthwaite et al., 2012).

Conclusions

The current study provides evidence that parental accept-
ance/warmth fosters healthy psychological development
by promoting RSFC of the DMN, a network implicated in
important cognitive and socioemotional processes. This con-
tributes to our understanding of the mechanisms by which
positive parenting relates to favorable youth outcomes,
specifically reduced externalizing symptoms. These results
underscore the importance of parenting behavior during
childhood and the notion that positive parenting supports
healthy neural and psychological development in children.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11682-022-00692-z.
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