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Abstract

Spanking remains common around the world, despite evidence linking corporal punishment to
detrimental child outcomes. This study tested whether children (Mage = 11.60) who were spanked
(V= 40) exhibited altered neural function in response to stimuli that suggest the presence of an
environmental threat compared to children who were not spanked (A/=107). Children who were
spanked exhibited greater activation in multiple regions of the medial and lateral prefrontal cortex
(PFC), including dorsal anterior cingulate cortex, dorsomedial PFC, bilateral frontal pole, and left
middle frontal gyrus in response to fearful relative to neutral faces compared to children who were
not spanked. These findings suggest that spanking may alter neural responses to environmental
threats in a manner similar to more severe forms of maltreatment.

Corporal punishment—defined as the use of physical force to cause a child to experience
pain or discomfort, however light—(Convention on the Rights of the Child, 2006), such as
spanking, is a socially normative and legal punishment method in over 130 countries (Global
Initiative to End Corporal Punishment of Children, 2021). In the United States,
approximately half of parents reported spanking their children in the past year and one-third
used spanking in the past week (Finkelhor, Turner, Wormuth, Vanderminden, & Hamby,
2019; Ryan, Kalil, Ziol-Guest, & Padilla, 2016). Despite the high prevalence and widespread
social approval of spanking, developmental theories have long posited that spanking is
associated with deleterious child outcomes (see Gershoff, 2002). Indeed, meta-analyses
show consistent associations between spanking and internalizing and externalizing
problems, poor cognitive development, and other maladaptive outcomes throughout the life
span (Gershoff, 2002; Gershoff & Grogan-Kaylor, 2016).
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More recently, some have argued that spanking may influence brain development in a
similar manner as more extreme forms of maltreatment (e.g., Gershoff, 2016). The
dimensional model of adversity (McLaughlin, Sheridan, & Lambert, 2014; Sheridan &
McLaughlin, 2014), argues that exposure to experiences involving harm or threat of harm to
the child, such as sexual abuse, physical or psychological maltreatment, witnessing domestic
violence, and exposure to community violence will have similar influences on emotional and
neural development that will scale in relation to the severity of the threat experienced. These
developmental consequences are posited to be at least somewhat distinct from those
associated with adverse experiences involving deprivation, such as neglect and lack of
cognitive and social stimulation. Spanking and other forms of corporal punishment are
threatening experiences that cause fear, pain, and threat of harm to the child (Gershoff,
2002). Consequently, spanking may influence neurodevelopmental processes in similar ways
as more severe forms of maltreatment.

The dimensional model predicts that exposure to threatening experiences alters social and
emotional processing in ways that facilitate the rapid identification of environmental threats,
including heightened responses to negative emotional cues in the amygdala and other
regions of the salience network (McLaughlin et al., 2014; Sheridan & McLaughlin, 2014),
including the anterior insula and dorsal anterior cingulate cortex, which are involved in
processing emotional and personal salience through the perception and regulation of internal
bodily responses (Menon, 2011). Existing evidence from studies of harsh parenting and
child abuse is consistent with this idea. Children exposed to physical and sexual abuse,
domestic violence, or harsh parenting exhibit heightened neural responses to threatening or
negative stimuli in the amygdala and broader salience network (Gard et al., 2017; Hein &
Monk, 2017; McCrory et al., 2011, 2013; McLaughlin, Peverill, Gold, Alves, & Sheridan,
2015; McLaughlin, Weissman, & Bitr an, 2019; Pozzi et al., 2020). The dimensional model
predicts that the magnitude of these neural changes varies as a function of the severity of the
threat involved. Consistent with this prediction, greater severity of violence exposure has
been associated with greater amygdala reactivity to threat cues (Ganzel, Kim, Gilmore,
Tottenham, & Temple, 2013; Mclaughlin et al., 2015). Therefore, it is plausible that
spanking may similarly contribute to heightened salience network responses to threat. We
are unaware of prior research examining this possibility.

Little is known about the neural consequences of spanking. One study found that children
who were spanked exhibit heightened cortisol reactivity to stressors such as repeated
separation from the mother and the presence of a stranger, suggesting maladaptive changes
in the stress response system (Bugental, Martorell, & Barraza, 2003). Adults who were
exposed to harsh corporal punishment (e.g., hit with objects) during childhood exhibited
structural brain differences, including less gray matter volume in the prefrontal cortex
(PFC), than adults who did not experience harsh corporal punishment (Tomoda et al., 2009).
However, little is currently known about functional neural correlates of forms of corporal
punishment that are more socially normative in some countries, such as spanking.

The purpose of this study was to examine the association between spanking and neural
responses to fearful faces, an indicator of the presence of threat in the environment
(Tottenham, Phuong, Flannery, Gabard-Durnam, & Goff, 2013), using an emotional face
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task (Tottenham et al., 2009). Building on the dimensional model of adversity (Sheridan &
McLaughlin, 2014) and prior work on neural correlates of child abuse (McCrory et al., 2011;
McLaughlin et al., 2019), we expected that children who were spanked would exhibit greater
neural activation to fearful than neutral faces in the amygdala and other nodes of the salience
network, including the anterior insula and dorsal anterior cingulate, compared to children
who were never spanked. As an exploratory aim, we also evaluated whether children who
were spanked exhibited a profile of neural response to stimuli that suggests the presence of
an environmental threat (i.e., fearful faces) that was similar to children who experienced
severe physical and sexual abuse.

Method

Participants

The analytic sample of this study comprised 147 children (75 girls, Mage = 11.60) who were
part of an ongoing longitudinal study and participated in a functional MRI (fMRI)
assessment. A total of 97 (66%) participants identified as White, 19 (13%) as Black, 13 (9%)
as Latinx, 13 (9%) as Asian, and 5 (3%) as another race or ethnicity. The families in the
larger study (n=302; Lengua et al., 2015) were recruited from a hospital birth register, day
cares, preschools, clinics, and charitable agencies at the age of 36 months and were followed
across multiple assessments prior to the current neuroimaging assessment. Families were
recruited to achieve equal representation across income levels, and sampled families were
required to be proficient in English and to understand the assessment procedures. Families
with children diagnosed with a developmental disability were excluded from the sample (for
more details on the larger study, see Lengua et al., 2015). Children were assessed at four
time points between the ages of 3 and 5 (T1: 36-40 months, T2: 45-49 months, T3: 54-58
months, T4: 63-67 months). This report focuses on a fifth wave of data collection carried
out on a subset of these participants (7= 227) when children were 10-12 years old. Each
child participated in three laboratory sessions, which included assessments of corporal
punishment and maltreatment. A subgroup of the sample (7= 183) also participated in a
neuroimaging assessment. Of these participants, 10 participants were excluded from
analyses due to poor fMRI data quality (see fMRI DATA Acquisition and Preprocessing)
and 26 participants experienced physical or sexual abuse and were therefore excluded from
analyses evaluating associations with spanking (7= 147).

All instances of child maltreatment were reported to the proper authorities, and facilitated
clinical referrals were provided for families whose children exhibited clinically meaningful
levels of psychopathology. All research procedures were approved by the Institutional
Review Board of the University of Washington.

Measures

Spanking—Exposure to spanking at any point in the child’s life was assessed based on an
item of the Violence Exposure Scale for Children-Revised (Raviv et al., 2001). Participants
were first shown a cartoon picture of a character being spanked on the buttocks with an open
hand and were told “A person spanks Chris.” They were then asked, “How many times has a
person spanked you?” with response options of “never,” “one time,” “a few times,” or “lots
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of times.” Children who responded “a few times” or “lots of times,” who were not also
exposed to severe physical or sexual abuse (described in the following section), were
classified as spanked. In the sample, 40 (22 female) children were spanked and 107 (53
female) were neither spanked nor physically or sexually abused in their lifetime (see in the
following section). These two groups of children did not differ in gender, race or ethnicity,
or in age or birthweight (Table 1). The income-to-needs ratio of spanked children was
significantly lower than that of children who were never spanked (d=-.76, £= .31, p<.05).

Severe Physical and Sexual Abuse—A multi-informant, multimethod approach used
frequently in prior work (e.g., Jenness et al., 2020; Weissman et al., 2019) was used to assess
exposure to physical or sexual abuse. Children were classified as experiencing physical or
sexual abuse if abuse was endorsed by the child on the Childhood Experiences of Care and
Abuse (CECA) interview (Bifulco, Brown, & Harris, 1994), UCLA PTSD Reaction Index
(PTSD-RI) trauma screen (Steinberg et al., 2013), or above the validated threshold on the
self-report Childhood Trauma Questionnaire (CTQ; Bernstein, Ahluvalia, Pogge, &
Handelsman, 1997) or reported by the parent on the Juvenile Victimization Questionnaire
(Finkelhor, Hamby, Ormrod, & Turner, 2005), or PTSD-RI. Sample items from these
measures include: “has someone forced you to have sex when you didn’t want to” (CECA);
“I got hit or beaten so badly that it was noticed by someone like a teacher, neighbor, or
doctor” (CTQ); “Being hit, punched, or kicked very hard at home” (PTSD-RI, child-report);
“Not including spanking on your child’s bottom, at any time in your child’s life, did a
grown-up in your child’s life hit, beat, kick, or physically hurt your child in any way?”
(PTSD-RI, parent-report). A total of 26 children (17 female) experienced physical or sexual
abuse in childhood.

Covariates—We controlled for children’s sex and age in all analysis, as well as the
income-to-needs ratio given that children who were spanked were also more likely to come
from households with a lower income-to-needs ratio. Income-to-needs ratio was calculated
by dividing parent-reported yearly family income by the federal poverty line for a family of
a given size as indicated by the U.S. Census Bureau. Low income-to-needs ratio is
associated with increased risk of exposure to many forms of adversity, including both
deprivation and threat (e.g., Bradley, Corwyn, McAdoo, & Garcia Coll, 2001), and has been
used as a proxy for experiences of deprivation in studies that also examine experiences of
threat (e.g., Lambert, King, Monahan, & McLaughlin, 2017; Sheridan, Peverill, &
McLaughlin, 2017).

Emotional Face Task

The emotional face task is a computerized task that participants complete while lying in an
MRI scanner looking at a computer screen where actors’ faces are displayed one at a time.
The task was conducted in two “runs”. Each run was made up of nine 18-s blocks; three
blocks showed neutral faces, three blocks showed fearful faces, and three blocks showed
scrambled faces (see Figure 1). Blocks were displayed in a pseudorandom order that ensured
that no block type was displayed twice in a row. During each block, 36 faces of different
actors expressing the same emotion were displayed for 300 ms each, with a space of 200 ms
following each face. The procedure was based on findings of a prior face processing task
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(Somerville, Kim, Johnstone, Alexander, & Whalen, 2004). Once during each block,
participants were prompted to indicate by an index or middle finger button press, whether
the last face they saw was male or female to assess whether they were paying attention.
Otherwise, participants were only asked to keep their eyes open and view the faces. Three
participants performed worse than chance on this attention check and were therefore
excluded from analyses.

Faces were drawn from the NimStim stimulus set (Tottenham et al., 2009). The “calm” faces
from this data set were used as neutral expressions, as these expressions are potentially less
emotionally evocative than neutral faces, which are perceived as negatively valenced
(Tottenham et al., 2009). The scrambled faces consisted of the images of neutral faces with
the pixels scrambled so as to resemble random static.

fMRI Data Acquisition and Preprocessing

Before undergoing scanning, participants were trained to minimize head movements in a
mock scanner. They watched a movie with a head-mounted motion tracker that stopped
playing if a movement of over 2 mm occurred. When participants were able to watch the
movie without 2 mm head movement for 1 min, the training was considered successful. This
method has been shown to significantly reduce head motion once children are in the scanner
(Raschle et al., 2012). In the scanner, we used an inflatable head-stabilizing pillow to further
restrict movement.

Scanning and preprocessing of neuroimaging data were conducted using standard methods.
Scanning was performed on a 3T Phillips Achieva scanner at the University of Washington
Integrated Brain Imaging Center using a 32-channel head coil. T1-weighted MPRAGE
volumes were acquired (repetition time = 2,530 ms, TE = 3.5 ms, flip angle = 7°, FOV = 256
x 256, 176 slices, in-plane voxel size = 1 mm?3) for co-registration with fMRI data. Blood
oxygenation level-dependent (BOLD) signal during functional runs was acquired using a
gradient-echo T2*-weighted echo planar imaging sequence. Thirty-seven 3-mm-thick slices
were acquired sequentially and parallel to the AC-PC line (TR =25, TE = 25 ms, flip angle
=79°, Inter-slice gap = 0.6 mm, FOV =224 x 224 x 132.6, matrix size = 76 x 74). Prior to
each scan, four images were acquired and discarded to allow longitudinal magnetization to
reach equilibrium.

Preprocessing and statistical analysis of fMRI data were performed in a pipeline using Gnu
Make, a software development tool designed for building executables from source files that
can be used to create neuroimaging workflows that rely on multiple software packages. The
following preprocessing steps were applied: (a) motion correction followed by slice-time
correction in FSL,; (b) skull-stripping using FSL’s bet tool; (c) despiking using AFNI’s
3dDespike tool; and (d) smoothing with a 6-mm full-width half-max kernel using SUSAN in
FSL. Outlier volumes in which framewise displacement exceeded 1 mm, the derivative of
variance in BOLD signal across the brain (DVARS) exceeded the upper fence (above 75th
percentile + 1.5 x inter-quartile range), or signal intensity was more than 3 SD from the
mean were regressed out of person-level models. Six rigid-body motion regressors and the
time-series extracted from white matter and ventricles were included in person-level models
to reduce noise associated with motion and physiological fluctuations. Person- and group-
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level models were estimated in FSL. Following estimation of person-level models, the
resulting contrast images were normalized into standard space, and anatomical co-
registration of the functional data with each participant’s T1-weighted image was performed
using Advanced Normalization Tools (ANTS) software (Avants et al., 2011).

Data were visually inspected for the presence of major artifacts or abnormalities in the
structural and functional images by two trained researchers. Following person-level
analyses, four participants were excluded from group-level analyses because of substantial
signal dropout in the ventromedial PFC, indicating distortion of data in relevant brain
regions for this analysis. One was excluded because of an incidental finding indicating a
major structural abnormality, and one participant’s data were unusable due to a data storage
error. Data were also excluded for four additional participants, two because of excessive
motion, one because of a data acquisition error, and one because the scan was interrupted
after the first run.

fMRI Analysis

FMRI data processing was performed using FEAT (FMRI Expert Analysis Tool) Version
6.00, part of FSL (Woolrich et al., 2001, 2004). For each participant, a model of the BOLD
signal corresponding to neural activation across each face block was constructed for each
stimulus type. These models were then regressed on the BOLD timeseries in each voxel of
the brain. Model regressors were created by convolving a boxcar function of phase duration
with the standard double-gamma hemodynamic response function for each phase of the task
(fearful, neutral, and scrambled faces). A general linear model was constructed for each
participant based on the models for each stimulus type, the six motion regressors, and the
signals from white matter and ventricles.

To investigate the study hypotheses, we first conducted whole-brain analyses comparing
neural activity for children who were spanked versus never exposed to violence for the
contrast of fearful versus neutral faces. Higher level analysis was carried out using FLAME1
in FSL. While we did have a priori hypotheses that we would see greater activation in the
anterior insula and dorsal anterior cingulate cortex among spanked children, this type of
whole-brain analytic approach is exploratory in nature. We used a standard approach for
identifying significant clusters of neural activation after correcting for multiple comparisons.
Specifically, cluster thresholding was determined using AFNI’s 3dClust-Sim program (Cox,
Chen, Glen, Reynolds, & Taylor, 2017), which generates Monte Carlo simulations to
determine appropriate cluster sizes to correct for multiple comparisons, and AFNI’s
3dFWHMx program, which accounts for the number of voxels and the intrinsic spatial
autocorrelation in the data residuals, addressing prior work indicating that failure to account
for this autocorrelation in cluster correction can inflate type 1 error (Cox et al., 2017,
Eklund, Nichols, & Knutsson, 2016). Based on output from these programs, a voxel-wise
threshold of £=2.33 (p < .01) with a minimum cluster size of 897 voxels was used, to set the
corrected familywise error rate at 0.05. Sex, age, and income-to-needs ratio were included as
covariates.

Because a minimum cluster size limits the ability to detect smaller clusters, particularly in
subcortical regions, and given substantial evidence for differences in amygdala response to
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threat cues in children exposed to violence (McLaughlin et al., 2019), we also conducted a
region of interest (ROI) analysis (i.e., a confirmatory analysis) in the amygdala. Activation
to fearful versus neutral faces, transformed into z-scores and averaged across every voxel in
the right and left amygdala, was extracted for each participant. Bilateral amygdala ROIs
were constructed in FSL based on the Harvard Oxford subcortical probabilistic structural
atlas, thresholded at 20% probability and warped back into each subjects’ native space. The
mean of the zscores of every voxel within the bilateral amygdala ROl were then extracted
for the fear versus neutral contrast for each participant. Differences in amygdala response as
a function of spanking were examined using linear regression, controlling for age, sex, and
income-to-needs, using R version 3.5.1 (R Core Team, 2016). Sensitivity analyses were also
conducted controlling for the frequency of witnessing violence (see Appendix S1). Although
not the primary focus of this investigation, we also compared neural activation in the whole
brain and amygdala in the children who were spanked to those who were physically or
sexually abused, controlling for age, sex, and income-to-needs.

Task-Related Neural Activation

On average, across the entire sample, fearful faces elicited greater activation than neutral
faces in many regions throughout the brain, including the ventral visual stream, superior
temporal sulcus, amygdala, and hippocampus, as well as widespread activation throughout
PFC, including frontal pole and multiple regions in the dorsal and ventral lateral and medial
PFC (Figure 2).

Spanking and Neural Response to Fearful Faces

Children who were spanked demonstrated greater activation in multiple regions of PFC to
fearful relative to neutral faces than children who were never spanked (Table 2; Figure 3).
These included a large cluster in the left middle frontal gyrus (MFG) and a second large
cluster in the bilateral dorsomedial prefrontal cortex (dmPFC), encompassing bilateral dorsal
anterior cingulate cortex (dAACC), and the bilateral frontal pole. There were no regions of the
brain where activation to fearful relative to neutral faces differed between children who were
abused and children who were spanked.

We used the scrambled face condition to decompose these associations, to evaluate whether
they were driven more by neural responses to fearful or neutral faces. Examining the
association of spanking with activation in the left MFG to fearful versus scrambled faces (
=.136, p=.108) and neutral versus scrambled faces (p = —.322, p < .001) revealed that the
association between spanking and activation to fearful versus neutral faces was driven
primarily by lower activation to neutral faces in this region. Examining the association of
spanking with activation in the dmPFC cluster to fearful versus scrambled faces (B = .144, p
=.087) and neutral versus scrambled faces (B = —.176, p < .037) revealed that the
association between spanking and activation to fearful versus neutral faces was driven by
both lower activation to neutral faces and greater activation to fearful faces.
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Amygdala activation to fearful veruss neutral faces did not differ significantly between
children who were spanked and children who were never spanked nor exposed to more
severe abuse (B = .02; SE = .15; p=.88). Amygdala activation to fearful versus neutral faces
also did not differ significantly between children who were spanked and children who were
exposed to more severe abuse = .08; SE=.24; p=.73).

Discussion

Spanking remains common in the United States and worldwide (Cuartas et al., 2019;
Finkelhor et al., 2019; Ryan et al., 2016). Children who are spanked tend to exhibit higher
levels of cognitive, behavioral, and emotional problems than their never-spanked peers
(Gershoff & Grogan-Kaylor, 2016). Despite these widespread developmental differences, we
are unaware of prior work examining differences in neurodevelopment as a function
spanking. In this study, we examined whether children who were spanked exhibited altered
neural responses to stimuli that suggest the presence of an environmental threat (i.e., fearful
faces; Tottenham et al., 2013) relative to children were never spanked nor exposed to
physical or sexual abuse.

Our findings reveal that spanking was associated with greater activation to fearful versus
neutral faces in multiple regions of the PFC. First, we observed elevated responses to fearful
relative to neutral faces in the dJACC, a key node in the salience network, among spanked
relative to never-spanked children. Altered neural responses to emational stimuli in the
salience network, have been consistently reported in prior research on children exposed to
abuse and domestic violence (McLaughlin et al., 2019). Our results suggest that spanking
may influence children’s neural response to emotional cues in a way that is qualitatively
similar to more severe violence.

In addition, we observed increased activation in the left MFG to fearful versus neutral faces
among children who were spanked. This effect was driven primarily by lower activation to
neutral faces in children who were spanked relative to those who were never spanked. The
MFG is frequently engaged during effortful attempts to regulate emotional responses, such
as when using cognitive reappraisal (Goldin, McRae, Ramel, & Gross, 2008; Kanske,
Heissler, Schonfelder, Bongers, & Wessa, 2010; Silvers, Weber, Wager, & Ochsner, 2014).
Children who have been exposed to violence recruit regions of the dorsolateral PFC more
during cognitive reappraisal of negative emotion than those who have never encountered
violence, particularly during adolescence (Jenness et al., 2020; McLaughlin et al., 2015).
Neutral faces are ambiguous stimuli, and are often interpreted as negative by children
(Tottenham et al., 2009). While no explicit instructions were given to regulate emotions in
this task, it is plausible that children who were spanked were less likely to engage these
types of effortful regulation strategies in response to the ambiguous neutral faces than their
never-spanked peers.

We also observed heightened activation among children who were spanked in a wide swath
of the dorsomedial PFC and bilateral frontal pole. These regions are part of the default mode
network, which is involved in a wide range of social-cognitive processes including
autobiographical memory as well as mentalizing, theory of mind, and other aspects of social
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information processing more broadly (Buckner, Andrews-Hanna, & Schacter, 2008; Buckner
& DiNicola, 2019). Fearful faces are a signal of potential danger in the environment.
Therefore, this pattern could reflect that spanked children devote greater attentional
resources to processing the mental state of others expressing fear, perhaps in the service of
understanding the source of that fear, due to greater vigilance to potential threats in the
environment. Such a pattern is consistent with evidence that exposure to violence is
associated with enhanced perceptual sensitivity and attention to threat cues relative to
neutral cues (McCoy, Roy, & Raver, 2016; Pollak, Cicchetti, Hornung, & Reed, 2000; Pollak
& Sinha, 2002; Pollak & Tolley-Schell, 2003), which may contribute to greater vigilance
toward possible threats in the immediate environment. This heightened vigilance may be
adaptive in the short term, as it increases the salience of threatening emotional information
in ways that may allow children exposed to violence to more readily identify potential
threats and mobilize defensive responses in order to avoid harm (McCoy et al., 2016;
McLaughlin et al., 2014). However, these responses are likely to be maladaptive in the long-
term, as they may promote elevated emotional reactivity, difficulties with emotion
regulation, hostile attribution biases, and increased risk for psychopathology (Dodge, 1993;
Heleniak, Jenness, Van der Stoep, McCauley, & McLaughlin, 2016; McLaughlin &
Lambert, 2017; Weissman et al., 2019).

Increased activation to fearful faces in the same areas of the mPFC have been observed
previously in adolescents exposed to physical abuse (Hart et al., 2018) and adolescent girls
with a history of violent victimization (Cisler, Steele, Smitherman, Lenow, & Kilts, 2013).
Furthermore, the brain regions where activation to fearful compared to neutral faces was
higher among children who had been spanked relative to children who had not been spanked
also overlapped considerably with the regions where reductions in regional gray matter
volume have previously been observed in young adults exposed to harsh corporal
punishment (Tomoda et al., 2009). Reductions in gray matter volume in the same regions of
the mPFC have also been observed in children exposed to abuse (Edmiston et al., 2011;
Hanson et al., 2010) and community violence (Butler et al., 2018). These results suggest that
spanking may influence children’s neural response to emotional cues in the same way as
more severe forms of violence and in the same brain regions where brain structure is altered
following more severe corporal punishment and other forms of violence exposure. In other
words, the neurodevelopmental consequences of corporal punishment as compared to abuse
may be a difference more of degree than type, as predicted by the dimensional model of
adversity (McLaughlin et al., 2014). Indeed, we observed no differences here between
children who were spanked from those who were more severely abused. However, these
findings should be interpreted with caution given the relatively small number of children
who experienced abuse in our sample. These results are broadly consistent with
observational studies linking spanking with externalizing and internalizing behavior
problems in a qualitatively similar manner as more severe physical abuse (Gershoff, 2002;
Gershoff & Grogan-Kaylor, 2016).

Surprisingly, spanking was not associated with heightened reactivity in the amygdala or
anterior insula. Increased reactivity of the amygdala and insula to emotional cues is often
observed in studies of violence exposure or other forms of childhood maltreatment
(McCrory et al., 2011; McLaughlin et al., 2015). Although the anterior insula, is a key node
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of the salience network and is frequently co-activated with dorsal ACC, including in this
study, significant differences in insula activation were not observed. These null findings may
be a product of task design. This study’s paradigm did not constrain attention given that
prior evidence indicates that attentional constraints caused by task demands produce lower
amygdala activation (Costafreda, Brammer, David, & Fu, 2008), and faces were displayed
for only 300 ms each. A prior study found that adults exposed to childhood adversity had
greater amygdala reactivity to fearful and angry faces when attention was constrained, but
lower amygdala reactivity when it was not (Taylor, Eisenberger, Saxbe, Lehman, &
Lieberman, 2006). Furthermore, this study included fearful, but not angry, faces. Although
fearful face expressions indicate the presence of a potential threat in the environment, as
reflected in another person’s fear or distress, the fearful expression itself is not threatening in
the way an angry expression is. Alternatively, this finding may suggest that differences in
salience network responses to threat cues following corporal punishment are more
constrained than following more severe forms of violence. These are important questions to
evaluate in future studies.

This study has several strengths but also some limitations. First, while we controlled for
children’s age, gender, and income-to-needs ratio in the analysis, we could not rule out all
potential confounders, so it is not possible to draw causal conclusions. Second, a limitation
that is common to the corporal punishment literature (Gershoff & Grogan-Kaylor, 2016), is
that it was not possible to measure the severity of spanking or identify the person who
spanked the child, which are factors that may relate to different developmental outcomes.
Third, we assessed spanking using child report, which could involve under-reporting.
However, it is important to note that classifying children who were spanked as nonspanked
would have biased our results toward the null hypothesis. Finally, more research is warranted
to understand whether neural mechanisms can explain the association between spanking and
cognitive and behavioral problems that have been associated with spanking in prior studies.

This study complements previous research linking harsh forms of corporal punishment to
atypical structural brain development (Tomoda et al., 2009), and reveals that spanking is
linked to atypical brain functioning in regions known to be influenced by more severe forms
of physical and sexual abuse. Growing evidence suggests that spanking is associated with
deleterious cognitive and behavioral outcomes and changes in the neural processing of
threatening emotional stimuli in children. The United States and other countries around the
world should discourage the use of corporal punishment through public education and legal
prohibition, following the Convention on the Rights of the Child, the United Nations
Sustainable Development Goals, and the robust scientific evidence on the harmful
consequences of corporal punishment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

The emotional face task.
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Figure 2.
Brain regions with significantly greater activation, on average, to fearful compared to neutral

faces.

Note. The difference between activation to fearful versus neutral faces was greatest in
regions depicted in yellow and lower, but still statistically significant, in regions depicted in
red.
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Figure 3.
Differences in neural reactivity to fearful versus neutral faces between spanked and never

spanked children.

Note. Regions where spanked children exhibit significantly greater activation to fearful
versus neutral faces than never spanked children. Regions where the magnitude of increased
activation to fearful versus neutral faces in spanked children was the largest are depicted in
yellow, and smaller but still statistically significant are depicted in red. dACC = dorsal
anterior cingulate cortex; MFG = middle frontal gyrus; SFG = superior frontal gyrus;
dmPFC = dorsal medial prefrontal cortex.
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Sample Characteristics

Table 1

Spanking (n = 40)

Control (n=107) Physical and sexual abuse (n = 26)

% n % n % N
Female 55 22 49 53 65 17
Racial/ethnic minority 28 11 36 39 38 10

M SD M SD M SD
Age 11.68 0.87 11.57 0.49 11.69 0.55
Income-to-needs 3127 177 3.89 1.65 3.21 2.15
Birthweight 6.17 153 5.9 16 687" 263

*
Mean is significantly different from the mean in the control group (p < .05).

Child Dev. Author manuscript; available in PMC 2021 June 28.

Page 18



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Cuartas et al.

Differences in Neural Reactivity to Fearful Versus Neutral Faces Between Spanked and Never-Spanked

Children

Table 2

Voxels  Peak (X, Y, 2)

Region BA  Peak voxel z-score

Fear > neutral, spanked > control

1,261 -28, 6,38
-36, 10, 44
1,095 -2, 60, 34
-4, 46, 26

Middle frontal gyrus 6
Middle frontal gyrus 6
Frontal pole 9

9

Paracingulate gyrus

4.20
3.50
4.03
3.55

Page 19

Note. Voxels = number of 2 mm3 voxels in the cluster; Peak (x, y; 2) = MNI coordinates for the voxels with the highest coefficients within each
cluster as well as subcluster local maxima; Region = label of the brain region at the location of Peak based on the Harvard Oxford Statistical Atlas;

BA = Brodmann’s area.
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