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Abstract
Anxiety disorders tend to onset early in development and often result in chronic impairment across the lifespan. Thus, there is
substantial interest in identifying early neural markers of anxiety and leveraging these markers to better understand processes
leading to anxiety. The late positive potential (i.e., LPP) indexes sustained attention to motivationally relevant stimuli; and the
LPP to negative images is increased in individuals with anxiety. In the current study, we examined how parental presence impacts
the LPP to threatening images in children (52.6% male) between 5 and 7 years-old (N = 78). Moreover, we explored interactions
with parental sensitivity to child anxiety symptoms. Results suggest that when children are in the presence of their parent
(compared to the presence of an experimenter), they displayed a larger LPP to threatening images. LPP activity was modulated
by parental response to their child’s anxiety symptoms, such that children with parents who were overly reactive to their
children’s anxiety symptoms had the greatest LPP response when viewing threatening stimuli in their parent’s presence.
Additionally, exploratory analyses indicated that children with clinical and subclinical anxiety were characterized by an increased
LPP to negative images, but only when the LPP was measured with parents in the room. Findings are novel and extend previous
work by suggesting that parents who react strongly when observing their children’s anxiety symptoms in turn increase their
child’s engagement with threatening stimuli, thereby placing them at greater risk for anxiety.
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Anxiety disorders are the most common form of psychopa-
thology (Kessler et al. 2005). These disorders are often char-
acterized by an early onset and chronic course (Bittner et al.
2007; Yonkers et al. 2003), along with functional impairment
and high economic costs (Kessler and Greenberg 2002).
Additionally, anxiety often has a profound impact on the lives
of individuals suffering from these disorders. In light of this,
iden t i fy ing ear ly envi ronmenta l moderators of
neurodevelopmental factors that increase the likelihood for
an anxious trajectory (i.e., elevated risk that may potentially
lead to clinically significant anxiety in later years) may clarify
our understanding of the etiopathogenesis of clinical anxiety
and elucidate novel preventative and intervention strategies.

Work in children and adults has shown that cognitive
biases in the processing and detection of threat stimuli are

one factor linked to the development of anxiety (Bar-Haim
et al. 2007; Muris and Field 2008). There is also substantial
evidence suggesting that individuals with anxiety may have a
differential response to threat-related emotional stimuli
(Bishop et al. 2004) and such interpretations play a crucial
role in the development and maintenance of anxiety (Beck
and Rush 1985; Mogg and Bradley 1998). A growing interest
in biomarkers has spurred empirical investigations on the de-
velopment of core neural systems underlying clinical anxiety,
including studying differences in brain functioning and exam-
ining neural causes of information processing biases
(Blackford and Pine 2012; Guyer et al. 2008; Pine 2007;
Strawn et al. 2014); however, neuroscience studies on emo-
tional information processing has been largely dominated by
neuroimaging studies. Although this body of work has con-
tributed crucial knowledge on neural structures related to
emotional information processing, scalp-recorded electrical
activity in the brain (i.e., electroencephalogram [EEG]) may
offer a number of advantages over the use of neuroimaging
techniques. For instance, EEG directly reflects neural activity
and has excellent temporal resolution due to its ability to
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detect the dynamic changes in neural processes on the order of
milliseconds. Thus, given its excellent temporal resolution,
this method is optimal for examining online modulation of
neural activity in different contexts. Additionally, EEG is rel-
atively inexpensive and may be more tolerable in younger
populations.

The Late Positive Potential (LPP): a Neural
Risk Marker of Anxiety

The late positive potential (LPP) is a slow-wave event-related
potential (ERP) that reflects sustained attention towards moti-
vationally salient stimuli (Auerbach et al. 2016, 2015; Hajcak
et al. 2012), such that a larger LPP is typically observed fol-
lowing aversive and pleasant stimuli as compared to neutral
stimuli (Cuthbert et al. 2000; DeCicco et al. 2012; Foti and
Hajcak 2008; Foti et al. 2009; Hajcak and Dennis 2009;
Schupp et al. 2000). It begins approximately 250 to 300 ms
post-stimulus (Cuthbert et al. 2000) and extends throughout
picture processing and after picture offset, lasting for several
hundred milliseconds to seconds (Foti and Hajcak 2008;
Hajcak and Olvet 2008). It shows good to excellent test-
retest reliability in children and adults (Huffmeijer et al.
2014; Kujawa et al. 2013a).

In the presence of unpleasant stimuli, anxiety is associated
with a larger LPP in both children and adults (Hajcak and
Dennis 2009; Kujawa et al. 2015; Leppanen et al. 2007;
MacNamara and Hajcak 2010). Previous studies have also
demonstrated that larger LPP amplitudes are elicited by un-
pleasant stimuli related to greater state anxiety in adults
(MacNamara and Hajcak 2009, 2010) and greater trait anxiety
in children (DeCicco et al. 2012). Additionally, larger LPPs to
unpleasant images have been shown to predict increases in
anxiety symptoms in children after a traumatic event
(Kujawa et al. 2016). In light of these findings, the LPP to
unpleasant images has been proposed as a neural marker of
emotional reactivity or threat sensitivity. Despite this, little
work has been done to investigate environmental moderators
(such as parenting) that may shape the LPP response in
children.

Role of Parenting in Child Anxiety

Abundant work has shown that parenting may have signifi-
cant effects on the development of child physiology and the
brain. Researchers have found that harsh parenting prospec-
tively predicts the development of neural markers that lead to
anxiety (Belsky and de Haan 2011; Meyer et al. 2015); on the
other hand, positive parenting has been shown to predict
healthy brain development in regions associated with reward
processing, emotional reactivity, and emotional regulation

(Belsky and de Haan 2011). Certainly, the presence of the
primary caregiver plays an important role in the development
of threat-sensitivity in the early childhood of many mamma-
lian species, such as rodents (Levine 2001), non-human pri-
mates (Bayart et al. 1990), and children (Conner et al. 2012;
Gee et al. 2014; Gunnar and Donzella 2002; Tottenham 2012).
Hence, parental presence may have a significant impact on the
LPP, a known neural marker for child anxiety.

Moreover, much research on anxiety disorders has been
dedicated to exploring the influence of parenting on the de-
velopment, maintenance, and remission of childhood anxiety
(McLeod et al. 2007; Rapee 1997; Wood et al. 2003). Indeed,
studies have found that parenting affects outcomes for child
anxiety disorders through mechanisms such as parental con-
trol (Whaley et al. 1999) and increased family accommodation
(Lebowitz et al. 2013). However, there are numerous theoret-
ical models hypothesizing the mechanism underlying the re-
lationship of parenting styles and anxiety (McLeod et al.
2007) – some studies have shown strong associations between
types of parenting and anxiety (Chorpita and Barlow 1998;
Gerlsma et al. 1990; Rapee 1997; Wood 2006; Wood et al.
2003), while others have suggested that non-parenting factors
such as non-shared environmental and genetic effects may
account for more substantial variance in child anxiety (Eley
et al. 2003; Harris 2002; Kagan 2003; Maccoby 2002; Rice
et al. 2002; Rutter 2002; Van Beijsterveldt et al. 2004).
Moreover, a meta-analysis by McLeod et al. (2007) showed
that parenting accounted for only 4% of the variance in child
anxiety. This reflects a need to identify other factors (i.e.,
potential moderators) that may clarify our understanding of
the relationship between parenting and child anxiety. We
aimed to examine a construct (described below) that may in-
fluence but is not unique to parenting approaches.

Parent Sensitivity to Child Anxiety

Anxiety sensitivity (AS) is defined as the belief or perception
that anxiety symptoms and experiences have negative conse-
quences (Reiss 1991). Individuals who are high in AS may
have increased sensitivity to interoceptive cues such as heart
rate, blushing, or difficulty concentrating. Moreover, individ-
uals high in AS often associate anxious cues with negative
outcomes (e.g., fearing that one will have a heart attack when
their heart beats fast or fearing negative social evaluation
when one is sweating). AS is linked with anxiety and has been
identified as a risk factor for a variety of anxiety disorders in
adults (Boswell et al. 2013; Schmidt et al. 1997, 2007, 2006).
These findings have been extended to children and adoles-
cents as well (Allan et al. 2016; Knapp et al. 2016), suggesting
that it is also an applicable construct in the childhood
literature.
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With regard to child AS, researchers have found that pa-
rental reinforcement and modeling of bodily symptoms were
relevant factors (Watt and Stewart 2000; Watt et al. 1998).
Parents who are high in AS tend to be more reactive to their
own symptoms and potentially communicate and model cat-
astrophic outcomes associated with their anxiety symptoms to
their children (Drake and Kearney 2008; Graham and Weems
2015; Watt et al. 1998). Although a novel concept, there is
some research to support that parents who are high in AS may
also be reactive to their children’s anxiety symptoms and may
exacerbate the child’s anxiety. Wissemann et al. (2018) creat-
ed and validated the Parent Sensitivity to Child Anxiety Index
(PSCAI) to measure the degree to which parents are sensitive
to their child’s anxious behaviors. This measure was found to
have 3 subscales: Physical Concerns, Social Concerns, and
Fear Concerns. The first, Physical Concerns, reflects the de-
gree to which parents have negative thoughts when their child
has a physical concern (e.g., When my child complains about
aches and pains, I worry there is something terribly wrong
with her/him). The second subscale, Social Concerns, reflects
the extent to which a parent worries about negative social
evaluation when their child displays anxious symptoms
(e.g., I worry that other people will notice my child’s anxiety).
The third subscale, Fear Concerns, reflects the degree to
which a parent experiences anxiety when their child displays
anxiety (e.g., It scares me whenmy child appears to be afraid).

Measurement of this construct revealed that parents with
high AS to their children’s anxiety symptoms demonstrated
greater accommodation of their child’s anxiety (Wissemann
et al. 2018). This pattern suggests that even when children’s
symptoms are at non-clinical levels, parents who demonstrate
elevated responsivity to their children’s anxiety often modify
their own behavior and in turn may reinforce and increase
anxiety in their children.

Considering that parents high in AS to their children
may be modeling hyper-reactivity to their children’s anx-
iety symptoms, we would expect these effects to be stron-
ger when children are in the presence of these types of
caregivers. However, research has suggested that caregiv-
er presence may decrease anxiety in children through so-
cial regulation, such that social proximity to caregivers
provides additional resources to children and allows them
to be less vigilant to potential threats (Conner et al. 2012).
And yet, research has shown that parental presence does
not aid in reducing anxiety in children prior to an opera-
tion, especially when the parent is anxious (Bevan et al.
1990; Cameron et al. 1996; Vagnoli et al. 2010).
Therefore, parental sensitivity to their child’s anxiety
may moderate child reactivity. However, given the novel-
ty of this topic, we approached our scientific inquiry by
examining the relationship between anxiety sensitivity for
parents to their children and child neurobiological reactiv-
ity. This investigation may provide the foundation to

exploring causal relationships, but that is beyond the
scope of the present study.

Study Aims

In the current study, we first examined the impact of
parental presence on a neural marker of threat sensitiv-
ity (i.e., the LPP; aim 1). To do so, we measured the
LPP in young children (between the ages of 5 and
7 years old) while their parent was in the room and
then while an experimenter was in the room (i.e., con-
trol condition). The current study used a modified ver-
sion of the emotional-interrupt paradigm (Mitchell et al.
2006; Weinberg and Hajcak 2011) to elicit neural re-
sponses to negative and neutral (International Affective
Picture System; Lang et al. 2008) images. We also
aimed to investigate if the impact of parental presence
on the LPP differs by parental sensitivity to child anx-
iety (i.e., environmental moderator; aim 2). The PSCAI
was administered to measure parental sensitivity to child
anxiety. We focused on young children due to previous
work suggesting parental influence is greater early in
development (Doom et al. 2015; Gee et al. 2014).

Methods

Participants

Participants included 78 parent and child dyads recruit-
ed from the community through recruitment events and
flyers distributed to local businesses, libraries, and
schools. Data from this study (a different ERP task)
has been published in a previous study (Meyer et al.
2019). As shown in Table 1, children (52.6% male,
66.7% Caucasian, 89.7% Non-Hispanic/Non-Latino)
were between 5 and 7 years of age (M = 5.79, SD =
0.79). Participating parents (also characterized in
Table 1) were predominantly mothers (89.7%) as well
as biological parents of the child (96.2%). Annual fam-
ily income was reported as $40,000 or less for 21.8% of
the sample. Correlations between demographic variables
and variables of interest (i.e., LPP, PSCAI) are present-
ed in Table 2.

Children were excluded from the present study if they were
unable to complete both conditions of the task (n = 12) or had
movement artifacts leading to poor quality of the EEG data
(n = 13). Therefore, the final sample (N = 78) had valid LPP
data for both the parent and experimenter conditions. Children
excluded did not differ on any demographic or anxiety vari-
ables (diagnoses or PSCAI) from children included in the
present study, all ps > 0.05.
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Materials

Emotional Interrupt Task Twenty-six developmentally ap-
propriate pictures comprised of negative and neutral

content were selected from the International Affective
Picture System (IAPS; Lang et al. 2008). The 15 nega-
tive images primarily depicted humans and animals
(e.g., crying child, snake, mean dog) and the 11 neutral

Table 1 Descriptive characteristics of child-parent dyads. Means and standard deviations reported for continuous data, with t values reflecting results
from t-tests. Frequency values reported for categorical data, with χ2 values reflecting results from chi-square tests

Full sample Subthreshold or threshold
anxiety disorder (n = 32)

No Diagnosis (n = 46) t or χ2

Child age 5.79 (0.79) 5.75 (0.79) 5.83 (0.79) 0.42

Child gender (male) 52.6% 53.1% 52.2% 0.007

Child race – – – 3.56

Asian 7.7% 9.4% 6.5% –

Black 19.2% 12.5% 23.9% –

White 66.7% 71.9% 63.0% –

American Indian/Alaskan Native 1.3% 3.1% 0.0% –

Other 5.1% 3.1% 6.5% –

Child ethnicity (non-Hispanic) 89.7% 87.5% 91.3% 0.30

Parent age 37.00 (6.36) 37.22 (6.31) 36.85 (6.45) −0.25
Parent gender (female)^ 89.7% 87.5% 91.3% 1.48

Parent education – – – 0.25

High school or equivalent 3.8% 3.1% 4.3% –

Some college or 2-year degree 28.2% 28.1% 28.3% –

College degree 26.9% 25.0% 28.3% –

Graduate degree 41.0% 43.8% 39.1% –

Caretaking responsibilities – – – 2.38

Parent is primary caretaker 69.2% 78.1% 63.0% –

Parent is not primary caretaker 1.3% 0.0% 2.2% –

Parent shares with partner 29.5% 21.9% 34.8% –

*p < 0.05, **p < 0.01

^one parent reported their gender as neither male nor female

Table 2 Correlation matrix
examining the relationship
between demographic variables
and key variables of interest – late
positive potential (LPP) to nega-
tive and neutral images when
children were in the presence of
their parent and an experimenter
and Parent Sensitivity to Child
Anxiety Index (PSCAI) subscales

1 2 3 4 5 6 7

1. LPP: parent negative

2. LPP: parent neutral 0.68**

3. LPP: experimenter negative 0.74** 0.64**

4. LPP: experimenter neutral 0.56** 0.66** 0.71**

5. PSCAI: Physical Concerns 0.18 0.12 0.22 0.15

6. PSCAI: Social Concerns −0.04 −0.01 −0.13 −0.07 0.38**

7. PSCAI: Fear Concerns 0.12 −0.03 −0.10 0.03 0.38** 0.49**

8. Child age −0.24* −0.05 −0.16 −0.06 −0.09 −0.03 −0.20
9. Child gender 0.09 0.01 −0.07 −0.07 −0.11 −0.07 −0.13
10. Child race 0.10 0.15 −0.03 −0.05 −0.17 0.02 0.02

11. Child ethnicity −0.20 −0.26* −0.09 −0.14 −0.05 −0.12 −0.08
12. Parent age −0.10 −0.14 −0.01 −0.21 −0.05 0.002 −0.14
13. Parent gender 0.07 0.004 0.01 0.01 −0.03 −0.14 0.02

14. Parent education 0.10 −0.04 0.03 −0.05 −0.04 0.10 −0.04
15. Caretaking responsibility −0.01 0.06 0.08 0.08 −0.09 −0.07 −0.14

*p < 0.05, **p < 0.01
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images were inanimate or plant-based objects (e.g., cup,
leaf).1 Images were presented using Presentation soft-
ware (Neurobehavioral Systems, Inc., Albany, CA) to
control the presentation and timing of all stimuli.
Throughout the task, children viewed a total of 20 neu-
tral images and 20 negative images. To ensure children
were actively viewing the pictures, IAPS pictures were
presented via an emotional interrupt task (Mitchell et al.
2006; Weinberg and Hajcak 2011). Similar to previous
studies in children and adults (Kujawa et al. 2013a, b),
each trial consisted of the following stimuli in succes-
sive order: a fixation cross (+) presented for 800 ms, an
IAPS picture for 1000 ms, a large arrow (11 cm length
× 5.3 cm maximum height) for 150 ms, and the IAPS
picture presented again for 400 ms. The interval be-
tween trials varied randomly between 1500 and
2000 ms. Children were instructed to press the left or
right button on the mouse corresponding to the arrow
stimulus pointing towards the left or right. Forty trials
comprised the task.

Parent Sensitivity to Child Anxiety Index The Parent
Sensitivity to Child Anxiety (PSCAI; Wissemann et al.
2018) is an 11-item scale designed to tap a parent’s sensitivity
or reactivity to his/her child’s anxiety symptoms and experi-
ences across three subscales: Physical Concerns, Social
Concerns, and Fear Concerns. Items were rated from “very
little” (0) to “very much” (4).

The mean total score of the PSCAI was 17.77 and the
standard deviation was 6.72. Scores ranged from 0 to 37, with
higher scores indicating greater parental sensitivity to their
child’s anxiety. PSCAI subscales scores were as follows:
Physical Concerns, M = 7.09, SD = 3.83, skewness = 1.70;
Social Concerns, M = 3.58, SD = 1.88, skewness = 2.33; and
Fear Concerns, M = 7.10, SD = 2.83, skewness = 0.16. The
Cronbach’s alpha for the total PSCAI score was good, alpha =
0.85. Additionally, the PSCAI subscales had good internal
consistency: Physical Concerns, alpha = 0.85; Social
Concerns, alpha = 0.81; and Fear Concerns, alpha = 0.72.

Clinical Interview The Schedule for Affective Disorders and
Schizophrenia for School-Age Children: Present and Lifetime
Version (K-SADS-PL; Kaufman et al. 1997) was administered
to parents regarding their children’s current and past psycho-
pathology. The interviews were administered by a Ph.D. level
clinician and clinical research interviewers who were trained
and supervised by the Ph.D. level clinician. All interviews
were recorded. The K-SADS is designed to assess a range or
psychopathology in children; lifetime, as well as current,

diagnoses were derived from the parent report on the child.
All diagnoses were reviewed in case conferences led by an
experienced clinical psychologist.

In the current study, we focused on current subthreshold
and threshold anxiety disorders. Consistent with prior research
(e.g., Meyer et al. 2019), subthreshold disorders were defined
as children who displayed at least 1 threshold symptom of a
disorder in combination with at least 1 other subthreshold
symptom and significant impairment related to the disorder.
We opted to group the subthreshold diagnoses with the thresh-
old diagnoses given that there were no significant differences
on any of the key variables (i.e., LPP, PSCAI), all ps > 0.05.
Overall, 27 children had at least one (or more) current sub-
threshold or threshold anxiety disorder: 1 subthreshold panic
disorder, 11 subthreshold separation anxiety, 10 subthreshold
simple phobias, 5 threshold phobias, 2 subthreshold social
anxiety disorder, 2 threshold social anxiety disorder, 11 sub-
threshold generalized anxiety disorder, 3 threshold general-
ized anxiety disorder, 6 subthreshold obsessive compulsive
disorder, 3 subthreshold anxiety disorder not otherwise spec-
ified (NOS), and 4 threshold anxiety disorder NOS. Based on
30 audio-recorded interviews that were scored by a second
rater, interrater reliability for subthreshold and threshold anx-
iety disorders was good (kappa = 0.81).

Procedure

Following informed consent (parents signed consent docu-
ments and children provided verbal/written assent) and a brief
description of the experiment, including viewing the IAPS
pictures to ensure that both parents and children were willing
to complete the emotional interrupt task, EEG electrodes were
attached. Children completed the IAPS task, along with a
range of other EEG tasks and self-report measures (reported
elsewhere) lasting approximately 2–3 h. Children were ran-
domized to have their parent or a research assistant (i.e., ex-
perimenter) in the room during the first condition of the emo-
tional interrupt task, and then the other individual was present
for the second condition; the order was counterbalanced
across participants to eliminate order effects.2 In the parent
condition, parents were instructed to sit in a chair next to their
child (approximately 2–3 ft away, i.e., in the child’s periphery)
and watch their child complete the task. During the experi-
menter condition, the experimenter sat in the same chair next
to the child.

Within each condition, the task consisted of 40 trials and
each IAPS picture was presented either once or twice per
condition (i.e., children viewed 20 neutral images and 20 neg-
ative images). Prior to the start of each condition, children
were informed that the pictures they viewed earlier would

1 The following IAPS pictures presented in color: 1050, 1120, 1201, 1300,
1321, 1930, 2120, 2130, 2780, 2810, 2900, 3280, 5740, 5750, 5800, 5970,
7002, 7004, 7006, 7009, 7010, 7025, 7035, 7090, 7380, 9582

2 Randomization was efficacious, i.e., no order effects for condition, X2 (2,
N = 78) = 0.82, p = 0.37.
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appear on the screen and they were instructed to respond to the
arrow stimulus by pressing the right or left button on the
mouse. Given the primary objective of this task was to view
negatively- and neutrally-valenced pictures and the response
task was present only to maintain attention (i.e., accuracy was
not assessed), no practice trials were completed. Instead, chil-
dren began the task immediately after the examiner initiated it
and the child hit the space bar in response to the “Ready”
stimuli.

Psychophysiological Reading and Data Reduction

Continuous EEG recordings were collected using a 34-
channel BioSemi system (BioSemi, Amsterdam,
Netherlands) based on the 10/20 system. Electrodes were also
placed on the left and right mastoids. Electrooculogram
(EOG) was recorded to quantify eye blinks and movements;
facial electrodes were placed approximately one cm above
and below the right eye (one above, two below), and one cm
to the right and left of right and left eyes, respectively (two
total). During acquisition, the ground electrode was formed by
the Common Mode Sense (CMS) active electrode and the
Driven Right Leg (DRL) passive electrode, although all data
were re-referenced to the left and right mastoid for data anal-
ysis. The data were digitized using Brain Vision Analyzer
software (Brain Products, Gilching, Germany) at a sampling
rate of 1024 Hz. A low and high band-pass filter was applied,
with cutoffs of 0.1 and 30 Hz, respectively. EEG data were
segmented for each trial, beginning at 500 ms before each
picture onset and ending 1000 ms after the initial presentation
of the image. Data were corrected for eye blinks (Gratton et al.
1983) and horizontal and vertical eye movement. Semi-
automatic artifact rejection was then used to remove artifacts
with a voltage step of more than 50 μV between sample
points, a voltage difference of 300 μV within a trial, or a
maximum voltage difference of less than 0.5 μV within
100 ms intervals. Visual inspection of the waveforms was
used to reject additional trials that were unnecessarily noisy.

ERPs were constructed by averaging negative and neutral
pictures separately and then baseline corrected to 200 ms prior
to image onset. Parietal and occipital electrodes were pooled
(Pz, P3, P4, Oz, O1, O2) and the mean activity between 400
and 1000 ms was exported for data analyses. Split-half reli-
ability (Spearman Brown Adjusted) of the LPP during this
task was acceptable: parent condition negative images, r =
0.82; parent condition neutral images, r = 0.70 ;experimenter
condition negative images, r = 0.82; and experimenter neutral
images, r = 0.79. Moreover, after removing artifacts, we
retained approximately 19 trials per condition: number of tri-
als for experimenter negative condition, M = 19.35, SD =
1.18, range = 10–20; number of trials for experimenter neutral
condition, M = 19.53, SD = 0.75, range = 17–20; number of
trials for parent negative condition, M = 19.50, SD = 1.07,

range = 15–20; and number of trials for parent neutral condi-
tion, M = 19.30, SD = 1.20, range = 14–20. The number of
trials did not differ between conditions, all ps > 0.10.

Data Analytic Plan

For statistical analyses, we used SPSS (Version 24.0 for Mac)
General LinearModel software. All main study variables were
visually inspected for outliers using frequency distributions
and none were identified. To address aim 1, we conducted a
2 × 2 repeated measures analysis of variance (RM-ANOVA)
to examine the within-subjects LPP potentiation for picture
valence (negative vs. neutral) and condition (parent vs. exper-
imenter); initially the RM-ANOVA had no covariates. To ad-
dress aim 2, we conducted the same 2 × 2 RM-ANOVAwith
the PSCAI subscales as covariates. Paired samples t-tests and
correlations were utilized to probe significant interactions.

Results

Late Positive Potential: The Impact of Parental
Presence

To examine the effect of valence and condition on the LPP, we
conducted a 2 × 2 RM- ANOVA (negative vs. neutral; parent
vs. experimenter). Overall, the LPP was larger (i.e., more pos-
itive) during negative picture viewing (M = 125.66, SD =
87.74) compared to neutral picture viewing (M = 95.50,
SD = 79.05), F(1, 77) = 24.96, p < 0.001, ηp2 = 0.25, consis-
tent with previous work (Fig. 1). While there was not a main
effect of condition, F(1, 77) = 0.18, p = 0.90, there was a sig-
nificant two-way interaction between valence and condition,
F(1,77) = 6.42, p = 0.01, ηp2 = 0.08.

Post-hoc paired samples t-tests revealed that the LPP was
more positive during negative picture viewing compared to
neutral picture viewing for both the parent, t(77) = 5.62,
p < 0.001, d = 0.64, and experimenter conditions, t(77) =
2.56, p = 0.01, d = 0.29. To deconstruct the two-way interac-
tion between valence and condition, we created subtraction-
based difference scores by subtracting the LPP during neutral
picture viewing from the LPP during negative picture viewing
for the parent condition and for the experimenter condition.
Results of the paired samples t-test comparing the parent and
experimenter subtraction-based difference scores indicated
that there was a larger difference between negative and neutral
picture viewing for the parent condition, M = 41.08, SD =
64.58, than the experimenter condition, M = 19.26, SD =
66.41, t (77) = 2.53, p = 0.01, d = 0.29 (see Fig. 1). That is,
parental presence potentiated the LPP for negative picture
viewing relative to neutral picture viewing to a greater degree
than experimenter presence.
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Parent Sensitivity to Child Anxiety and the LPP

Next, we wished to examine to what extent individual differ-
ences in parent sensitivity to child anxiety may relate to the
parent-potentiation of the LPP. We conducted an additional 2
(negative vs. neutral) × 2 (parent vs. experimenter) RM-
ANOVA, with the PSCAI subscales (Physical Concerns,
Social Concerns, Fear Concerns) entered simultaneously as
covariates. There was a significant three-way interaction be-
tween valence, condition, and the PSCAI Fear Concerns sub-
scale, F(1, 74) = 10.25, p = 0.002, ηp2 = 0.12.3 Significant
three-way interactions did not occur for the other PSCAI sub-
scales, ps > 0.20. The two-way interaction of valence by con-
dition, F(1, 74) = 0.80, p = 0.37, as well as the main effect of
valence, F(1, 74) = 2.29, p = 0.13, were non-significant when

parental anxiety sensitivity to their child’s anxiety was includ-
ed in the model. The main effect of condition remained non-
significant, F(1, 74) = 0.68, p = 0.41.

To probe the three-way interaction, we conducted two
additional RM-ANOVAs for each condition. In the first,
we entered valence (negative vs. neutral) in the parent
condition and the Fear Concerns subscale of the PSCAI
was entered as a covariate. Results suggested that the 2-
way interaction between valence and Fear Concerns did
not reach significance, F(1,76) = 2.64, p = 0.11.
Additionally, when we ran a similar RM-ANOVA for
the experimenter condition, results also failed to support
a significant 2-way interaction between valence and
Fear Concerns, F(1, 76) = 2.37, p = 0.10.

Given the non-significant condition-specific 2-way interac-
tions, we created additional subtraction-based difference
scores to clarify the significant three-way interaction.
Notably, these difference scores were calculated utilizing a
different approach than described above; that is, the

3 The pattern of results is consistent when controlling for child age and eth-
nicity (i.e., the three-way interaction with PSCAI Fear remains significant),
F(1, 72) = 9.43, p = 0.003, ηp2 = 0.12.

Fig. 1 On the left, the graphs depict response-locked ERP waveforms for
negative and neutral picture viewing trials for the experimenter (top) and
parent conditions (bottom). On the right, Topographic maps of activity

(negative minus neutral) in the LPP window of 400 to 1000 ms are also
presented for the experiment (top) and parent conditions (bottom)
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experimenter condition was subtracted from the parent condi-
tion for each valence (i.e., negative parent minus negative
experimenter, and neutral parent minus neutral experimenter).
Results indicated that the LPP during negative picture viewing
in the parent condition (relative to the experimenter condition)
was related to PSCAI Fear Concerns, r(76) = 0.29, p = 0.01.
However, the difference between the neutral conditions (par-
ent minus experimenter) was not significantly related to the
PSCAI Fear Concerns subscale, r(76) = −0.07, p = 0.52. Thus,
parents with higher sensitivity to their child’s fear appeared to
potentiate the LPP during negative picture viewing (but not
neutral picture viewing) to a greater degree than parents with
lower sensitivity to their children’s fear.

We also created a third type of subtraction-based dif-
ference score. To isolate the emotional modulation of
the LPP specific to the parent condition, we subtracted
the previously-derived experimenter difference score
(i.e., negative experimenter minus neutral experimenter)
from the parent difference score (i.e., negative parent
minus neutral parent). This value indicates the extent
to which parental presence (relative to experimenter
presence) potentiates the LPP to negative compared to
neutral images. The unique variance related to parent
potentiation was significantly related to the PSCAI
Fear Concerns subscale, r(76) = 0.31, p < 0.01 (Fig. 2).

Supplemental Exploratory Analyses: Child Anxiety
Disorders, the LPP, and Parent Sensitivity to Child
Anxiety

Given the demonstrated relationship between anxiety and the
LPP, as well as the theoretical link between parental anxiety
sensitivity and child anxiety, we aimed to examine the clinical
relevance of our findings as they relate to anxiety diagnoses
measured by the K-SADS. We probed the extent to which the
LPP during both the parent and experimenter condition, as
well as parent sensitivity to child anxiety, differed between
anxious and non-anxious children. As indicated in Table 3,
results suggested that the LPP to negative images was larger
in anxious children (M = 156.97, SD = 101.65) compared to
non-anxious children (M = 112.47, SD = 62.67), but only
when the parent was present, t(76) = −2.39, p = 0.02, d =
0.53. Similarly, LPP activity in response to negative images
during the parent condition predicted child anxiety diagnostic
status (above and beyond child age), χ2(1, N = 78) = 4.56, p =
0.03. The LPP did not differ between anxious and non-
anxious children during any other condition, all ps > 0.05.

Likewise, total scores on the PSCAI were increased in par-
ents of children with threshold and subthreshold anxiety (M =
20.59, SD = 6.36) compared to parents of non-anxious chil-
dren (M = 15.80, SD = 6.32), t(76) = −3.29, p = 0.002, d =
0.76. Scores on the PSCAI Fear Concerns were significantly
increased amongst parents of children with anxiety (M = 8.56,
SD = 2.60) compared to parents of non-anxious children (M =
6.09, SD = 2.55), t(76) = −4.19, p < 0.001, d = 0.96.
Additionally, scores on the PSCAI Social Concerns subscale
differed between parents of children with anxiety (M = 4.19,
SD = 2.35), and without anxiety (M = 3.15, SD = 1.35),
t(76) = −2.47, p = 0.02, d = 0.54. However, scores on the
PSCAI Physical Concerns subscale were comparable between
groups, p > 0.05. Collectively, these additional analyses pro-
vide some evidence of validity and clinical relevance with
regard to our novel findings demonstrating parental potentia-
tion of the LPP to negative images, specifically among parents
with high anxiety sensitivity to their children’s fear.

Discussion

Results from the current study suggest that when children are
in the presence of their parent (compared to an experimenter),
they display a larger LPP to negative stimuli. Interestingly, as
supported by the significant three-way interaction, the present
study further revealed that LPP activity was moderated by
parental response to their child’s anxiety symptoms, such that
children with parents who were overly reactive to their chil-
dren’s anxiety symptoms (i.e., elevated score on the fear sub-
scale of the PSCAI) had the greatest LPP response when
viewing threatening stimuli in their parent’s presence.

Fig. 2 Scatterplot depicting the relationship between the parent
potentiation of the LPP to negative images (i.e., extent to which
parental presence, relative to experimenter presence, increased the LPP
to negative compared to neutral images) and the Parent Sensitivity to
Child Anxiety Index (PSCAI) Fear Concerns subscale. Parents with
higher sensitivity to their child’s fear appeared to potentiate the LPP
during negative picture viewing (but not neutral picture viewing) to a
greater degree than parents with lower sensitivity to their children’s fear
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Moreover, exploratory analyses indicated that children with
anxiety were characterized by increased LPPs when viewing
negative images compared to non-anxious children, but only
when the LPP was measured with parents in the room.
Overall, findings from the current study are novel and extend
previous work by examining the relationship between parent-
ing, the LPP, parental presence, and anxiety in children.

This is the first study, to our knowledge, to examine the
impact of any observer on themagnitude of the LPP. Although
previous work has examined the extent to which an observer
impacts other neural markers of threat-sensitivity (e.g., the
error-related negativity; Barker et al. 2015; Barker et al.
2018; Buzzell et al. 2017; Kim et al. 2005; Voegler et al.
2018), no previous study has examined this in relation to the
LPP. Indeed, previous work suggests that the error-related
negativity is increased when an observer is present – particu-
larly in anxious individuals (Barker et al. 2015).Moreover, the
current findings are broadly consistent with previous work
suggesting that peer presence influences the neural response
to reward in youth insofar as social context appears to modu-
late neural markers of both threat and reward (Van Hoorn et al.
2018).

In the current study, we examine the extent to which the
presence of a child’s parent compared to a stranger (i.e., the
experimenter) impacts neural reactivity to negative and neu-
tral images. Results suggested that children displayed in-
creased neural reactivity to negative compared to neutral im-
ages in both conditions; however, the LPP to negative images
was increased more when parents were in the room. This is a
surprising finding to the extent that one might expect the pres-
ence of a parent to be comforting to a child and thus reduce
reactivity to threat (Gee et al. 2014). However, in light of the
significant three-way interaction incorporating parental sensi-
tivity to children’s anxiety symptoms (i.e., the fear subscale of
the PSCAI), these findings are less surprising and seem to be
related to a specific aspect of parenting approach. As revealed
by post-hoc analyses, parents who reported being elevated on
items such as “It scares me when my child appears to be

afraid” appear to potentiate their children’s LPP to negative
images. In contrast, parents who reported being low on the
PSCAI Fear Concerns did not increase the LPP during the
parental presence condition to the same extent as parents ele-
vated in this construct, thereby suggesting that parental sensi-
tivity to child anxiety is an environmental moderator (as fur-
ther discussed below). Thus, being overly reactive to chil-
dren’s anxiety may increase this neural correlate of anxiety
(i.e., the LPP).

This is also the first study to examine parental sensitivity to
children’s anxiety (i.e., the PSCAI) in relation to a physiolog-
ical or neural marker in children. Results suggest that the
presence of parents who report being elevated on the fear
subscale of the PSCAI may up-regulate children’s neural re-
activity to negative stimuli (i.e., the LPP). It is possible that
parents who experience distress in response to their children’s
anxiety display negative and exaggerated reactions. Parents
who are elevated on this scale endorse items such as: “It is
distressing for me when my child appears nervous.” Perhaps
this distress was noticeable to children, either during the ex-
perimental manipulation should they shift their eyes from the
computer or as a learned behavior such that children expect
their parents to respond during the experiment in a similar
manner as they do during real life situations; for example,
parents may begin sweating, display fearful facial expressions,
or make verbalizations related to their fear in response to their
children’s anxiety. This may further up-regulate children’s fear
and/or indicate to them that the feared stimuli are actually
dangerous, and they should increase their vigilance towards
it. Thus, the presence of a parent who is high in sensitivity to
their child’s anxiety may actually increase their child’s en-
gagement with fearful stimuli and increase their child’s reac-
tivity to threat, thereby resulting in an increased LPP to neg-
ative stimuli. Future work using behavioral coding or child-
report is needed to clarify this mechanism.

We also examined how the two variables of interest – the
LPP and the PSCAI – differed among children with and with-
out clinical levels of anxiety. We opted to include children

Table 3 Means and standard
deviations for the late positive
potential (LPP) to negative and
neutral images when children
were in the presence of their par-
ent and an experimenter, as well
as the Parent Sensitivity to Child
Anxiety Index (PSCAI) total and
subscales in children with a
subthreshold/threshold anxiety
disorder and children with no
anxiety disorder. In the right col-
umn, t values reflect results from
t-tests examining differences be-
tween the groups

Subthrehsold or threshold
anxiety disorder (n = 32)

No diagnosis
(n = 46)

t

LPP parent present: negative images 156.97 (101.65) 112.47 (62.67) −2.39*
LPP parent present: neutral images 100.87 (98.67) 81.84 (59.54) −1.06
LPP experimenter present: negative images 140.77 (116.35) 106.57 (68.69) −1.63
LPP experimenter present: neutral images 118.35 (96.65) 89.52 (64.83) −1.58
PSCAI total 20.59 (6.36) 15.80 (6.32) −3.29**
PSCAI: Physical Concerns 7.84 (3.77) 6.57 (3.82) −1.46
PSCAI: Social Concerns 4.19 (2.35) 3.15 (1.35) −2.47*
PSCAI: Fear Concerns 8.56 (2.60) 6.09 (2.55) −4.19**

*p < 0.05, **p < 0.01
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with both threshold and subthreshold anxiety diagnoses in our
analyses, consistent with previous work (e.g., Meyer et al.
2019). Children with subthreshold diagnoses displayed at
least one threshold anxiety symptom as well as significant
impairment related to their anxiety. Importantly, there is some
evidence that subthreshold levels of anxiety are clinically rel-
evant and predict future psychopathology (Carter et al. 2001;
Karsten et al. 2011).Moreover, our findings demonstrated that
children with threshold and subthreshold diagnoses did not
differ on key variables of interest (i.e., the LPP and PSCAI).

Interestingly, children in the current study who met criteria
for a threshold or subthreshold anxiety disorder were charac-
terized by an increased LPP to negative images, but only dur-
ing the parent condition. The LPP to negative images when an
experimenter was in the room was not increased in anxious
children. In terms of utilizing the LPP as a neural correlate or
marker of risk, results from the current study suggest that the
LPP should bemeasured in young childrenwith a parent in the
room. It is possible that parental presence increases the psy-
chological relevance of this measure (for the reasons
discussed above), and thus this approach may be useful in
utilizing the LPP to threatening images as a biomarker of risk
for anxiety. Additionally, children with anxiety were charac-
terized by increased PSCAI scores, which were predominant-
ly driven by increases in the PSCAI Fear Concerns subscale
(i.e., large effect characterizing group differences). That is,
parents of children with clinically significant anxiety reported
being more anxious in response to their children demonstrat-
ing fear or apprehension. As indicated above, we posit that
parents may be reinforcing, maybe unknowingly, normative
anxious thoughts and behaviors in their young children (e.g.,
parent appearing anxious and permitting avoidance when
child expresses an age-appropriate fear of the dark), which
in turn may exacerbate anxiety. However, longitudinal studies
are needed to clarify whether parental sensitivity to child anx-
iety is a precursor to the onset of anxiety in children (i.e.,
mediation models).

It is important to recognize that the current study is
limited insofar as the LPP was not measured while the
child was alone in the room. Thus, current results do not
indicate the extent to which the LPP measured while
someone is alone relates to the LPP measured while in
the presence of another individual. Future work should
examine this issue by comparing the way the LPP is typ-
ically measured (i.e., the LPP measured while someone is
alone) to the LPP measured with an observer present.
Indeed, in previous work, the LPP to negative images
(measured while children are alone in a room) has been
linked to anxiety (DeCicco et al. 2012). Therefore, it was
somewhat unexpected that there was no demonstrated link
between examiner presence and anxiety when children
were viewing negatively-valenced images. It is possible
that having an experimenter in the room is distracting

and reduces the LPP/anxiety link. Future research is need-
ed to clarify this issue and also elucidate the role that the
parent plays in the experimental manipulation, including
observational coding to clarify how parents may react
differently than the experimenter or eye tracking to exam-
ine the extent to which the child shifts their attention
away from the screen when the parent versus experiment-
er is in the room. Moreover, in the current investigation,
we did not include images depicting positive emotions.
Future work should examine the extent to which parenting
or parent sensitivity to child anxiety may relate to chil-
dren’s neural reactivity to positive images. To add on, in
the current study, we did not measure accuracy or reaction
time during the task. Further research should examine the
impact of parental presence on these measures. And, we
did not video record children complete the task and are
therefore unable to determine if children were looking at
their parent or the experimenter during task completion,
thus resulting in noisy EEG data and trials that were po-
tentially removed. Future work should investigate this
possibility. Finally, given the relatively small sample size
in the current study, replication in larger samples is war-
ranted. The base rate of clinically significant anxiety di-
agnoses limited the size of our threshold group.
Additionally, replication in larger samples would allow
us to further examine the influence of key demographic
variables (e.g., age, race, ethnicity) on the relationship
between LPP activity, parental sensitivity, and child
anxiety.

The results from the current investigation were novel as no
previous study had examined the impact of parental presence
on the LPP in children, nor the interaction with parent anxiety
sensitivity. However, due to the lack of previous work in this
area and the exploratory nature of the current investigation,
results should be interpreted with caution and future studies
are needed to replicate the current findings. If supported, these
findings set the stage for future studies examining the LPP as a
longitudinal biomarker of risk for anxiety, the role of parent-
ing in shaping that relationship, as well as the development of
novel intervention strategies aimed at reducing parental sensi-
tivity to children’s anxiety. Considering data suggesting that
anxiety sensitivity can be reduced via brief, computerized in-
tervention strategies (Norr et al. 2017; Schmidt et al. 2017;
Short et al. 2017), and in light of the fact that parent sensitivity
to child anxiety may be related to increases in children’s LPP
to threatening images, it may be fruitful to examine whether
intervening on parent sensitivity to child anxiety may reduce
risk for anxiety in children across time.
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