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Abstract

Symptoms of depression and social anxiety elevate in late childhood. An identified cognitive 

risk to both depression and social anxiety is maladaptive self-schemas (or self-schematic 

processing). Beyond the behavioral indices of this construct, event-related potentials (ERPs) 

during self-schematic processing have also been observed to be associated with depression or 

depressive symptoms. However, no study has examined the ERPs underlying self-schematic 

processing in relation to social anxiety. More importantly, it was unclear to what extent behavioral 

and ERP indices of self-schematic processing were differentially associated with depression 

and social anxiety, especially in typical-risk youth with emerging symptoms. A hundred and 

fifteen community-dwelling children (66 girls; Mean age=10.91 years, SD=1.45) completed 

a self-referent encoding task (SRET) with EEG recorded. A Principal Component Analysis 

identified a late positive potential (LPP) component elicited in both the positive and negative 

SRET conditions. Multivariate multiple regression showed that in both conditions, behavioral 

SRET scores were associated with depressive symptoms while partialling out social anxiety 

symptoms, but not with social anxiety symptoms with depressive symptoms partialled out. The 

LPP amplitude elicited in both conditions showed marginally positive associations with social 

anxiety symptoms while partialling out depressive symptoms, but not with depressive symptoms 

while accounting for social anxiety. This study provides novel evidence concerning the ERP 

correlates of self-schematic processing in relation to social anxiety symptoms. More importantly, 

our findings for the first time speak to the differential associations between the behavioral SRET 

scores and SRET-elicited LPP and emerging symptoms of depression and social anxiety in late 

childhood.
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Introduction

Social anxiety and depression are common, frequently co-occurring mental health problems 

that emerge as early as childhood. Without effective treatments, these early conditions 

may persist for a lifetime and incur serious individual distress and societal costs (Graber 

& Sontag, 2009). Psychopathology research has identified an array of etiological factors 

for social anxiety and depression, including cognitive vulnerabilities (Beck, 2008; Gotlib 

& Joormann, 2010). One important and potentially modifiable cognitive risk for both 

conditions is self-schematic processing (or self-schemas), conceptualized as an early 

emerging, latent, trait-like cognitive construct that organizes and guides the processing of 

positive and negative information about oneself (Northoff et al., 2006). Maladaptive patterns 

of self-schematic processing indicated by behavioral measures (i.e., deeper processing of 

negative, and shallower processing of positive, self-descriptive information) show concurrent 

or prospective associations with depression (e.g., Dobson & Shaw, 1987; Kuiper & Derry, 

1982; Prieto et al., 1992) and social anxiety (e.g., Dixon et al., 2022; Dozois & Dobson, 

2001; Gotlib et al., 2004) in clinical and sub-clinical/non-clinical samples.

A substantial literature has applied neural measures such as event-related potentials 

(ERPs) in studying self-schematic processing. ERPs are quantified as voltage fluctuations 

of electroencephalogram (EEG) signals time-locked to “events” such as stimulus onset 

(Woodman, 2010; e.g., the onset of self-descriptive words in the SRET). With high temporal 

resolution, ERPs are particularly suitable for characterizing the individual differences during 

different stages of self-schematic processing. ERP studies on self-schematic processing 

identified altered neural activity during self-schematic processing in relation to clinical 

depression (Allison et al., 2021; Auerbach et al., 2015) and sub-clinical symptoms (Speed 

et al., 2016) in youth. Overall, the existing behavioral and ERP studies support the validity 

and utility of self-schematic processing, indexed by both behavioral and ERP markers, as an 

early etiological factor of depression and social anxiety.

However, extant studies in this field have been conducted in depression and social anxiety 

in parallel, although the two conditions frequently co-occur even in youth. It is unclear to 

what extent the observed associations between self-schematic processing and one condition 

are confounded by co-occurring symptoms of the other. Further, different measures of 

self-schematic processing (e.g., behavioral and ERP) may show differential associations 

with depression and social anxiety. To address these questions, we examined the unique 

associations between self-schematic processing (indexed by behavioral and ERP measures) 

and emerging symptoms of depression or social anxiety (while accounting for each other) 

during late childhood in a community sample. Late childhood is a critical period marked by 

elevated symptoms of social anxiety and depression, thus a useful time window to capture 

the early risk processes prior to the onset of full-blown disorders.
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Behavioral studies on self-schematic processing in relation to depression and social 
anxiety

The very earliest studies on self-schematic processing as an etiological factor have focused 

on depressed adults (Derry & Kuiper, 1981; Kuiper & Derry, 1982). This literature 

established the self-referent encoding task (SRET; Derry & Kuiper, 1981; Kuiper & Derry, 

1982), which has since been widely used in measuring self-schemas and related constructs 

in the broader literature. While there have been variations in the implementation of SRET, 

this paradigm typically consists of a self-endorsement task followed by an unexpected 

memory task (e.g., Gotlib et al., 2006; Hayden et al., 2013, 2014; Jacobs et al., 2008; Prieto 

et al., 1992). During the self-endorsement task, participants are presented with a series of 

positive and negative personal trait words and decide whether each word is self-descriptive 

(“Does this word describe you?”). The endorsement task is followed by an unexpected free 

recall task, when participants are asked to recall as many of the presented words as possible. 

Positive and negative self-schemas are typically indexed by calculating a positive and a 

negative SRET score as the proportion of positive and negative words both endorsed and 
recalled divided by the total number of words endorsed. Incorporating the performance of 

incidental free recall in calculating the score captures a more latent facet of the construct of 

self-schemas.

While the SRET was originally developed to study adults, it has become a useful tool 

for studying children. In the developmental psychopathology literature, the SRET has 

been successfully used in children as young as six years old (Goldstein et al., 2015). In 

performing this task, typically developing children tend to show a “self-positivity bias” 

manifested as highly positive self-schemas and low negative ones, i.e., they endorse (and 

remember) most positive words but a smaller number of negative words (Goldstein et al., 

2015; Hudson et al., 2021; Liu et al., 2021; Liu, Vandemeer, et al., 2020). This self-positivity 

bias tends to decrease as children transition into adolescence (Crone & Fuligni, 2020), 

shown as reduced positive self-schemas and/or enhanced negative self-schematic processing. 

These developmental changes may be directly linked with elevated psychopathology risks in 

early adolescence, as indicated by associations between more negative and/or less positive 

self-schemas and depressive symptoms during late childhood or early adolescence even in 

typically developing youth (e.g., Connolly et al., 2016; Goldstein et al., 2015; Hayden et al., 

2013, 2014).

With regard to the associations between self-schematic processing and social anxiety, less 

work has been done in youth and more studies have been conducted in clinically anxious 

adults. In an adolescent sample of ages 12–13, a smaller number of endorsed positive 

words in an SRET was associated with social anxiety symptoms controlling for comorbid 

depressive symptoms, and a larger number of self-endorsed negative words was associated 

with greater likelihood of lifetime social phobia controlling for other lifetime diagnoses 

(Alloy et al., 2012). Compared to healthy controls, adults with anxiety disorders (e.g., 

generalized social phobia) generally recalled a greater number of negative words and a 

smaller number of positive words in an SRET (Dixon et al., 2022; Dozois & Dobson, 2001; 

Gotlib et al., 2004; Thurston et al., 2017); in some studies, this pattern was observed in 

the context of anticipated social interaction (Heinrichs & Hofmann, 2001). Studies using 
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randomized controlled designs provided additional evidence supporting the associations 

between self-schemas and social anxiety. For example, for individuals with social anxiety 

disorder, cognitive-behavioral treatment that targeted at changing maladaptive self-beliefs 

lead to increased positive self-schemas, decreased negative self-schemas, and decreased 

social anxiety symptoms. More important, the treatment effect on social anxiety symptom 

reduction was mediated by the increases in positive self-schemas, further supporting the 

etiological role of self-schemas in social anxiety (Goldin et al., 2013).

ERP substrates of self-schematic processing in relation to depression and social anxiety

Building on the behavioral literature, researchers have combined neuroscience techniques, 

e.g., the ERPs, with the SRET to examine the neural activity elicited by self-schematic 

processing in association with psychopathology. Compared to other neural measures such 

as magnetic resonance imaging, ERPs are low-cost and child-friendly, showing better 

psychometric properties even in youth (e.g., greater internal consistency and test re-test 

reliability; Cassidy et al., 2012; Huffmeijer et al., 2014). Other than these methodological 

advantages, knowledge of the neural substrates of self-schematic processing can also 

promote our mechanistic knowledge of the development of depression and social anxiety 

(Disner et al., 2011). This mechanistic knowledge, in turn, will inform early identification 

and prevention or intervention strategies for individuals at risk. From a developmental 

perspective, neural markers of cognitive risks may emerge prior to explicit manifestation of 

symptoms; neural markers may also tap facets of risk that cannot be captured by behavioral 

measures (Manoach & Agam, 2013). Indeed, previous research reported that typically 

developing children with elevated temperamental risk for anxiety (i.e., fearful temperament; 

Fu et al., 2017; Thai et al., 2016) or maternal risk for depression (Liu, Vandermeer, et al., 

2020) showed altered neural patterns in processing socio-emotional information but did not 

differ from low-risk controls in their behavioral performance.

Despite the theoretical and clinical importance of studying the neural markers of cognitive 

risks, only a small number of studies has leveraged the ERPs in the SRET to characterize 

the neural substrates of self-schematic processing in relation to depression (Allison et al., 

2021; Auerbach et al., 2015; Shestyuk & Deldin, 2010; Speed et al., 2016); no ERP study 

of the SRET has been done for social anxiety. The literature on depression observed altered 

patterns of ERPs during self-schematic processing associated with clinical depression or 

depression risks in youth and adults. While different ERP components have been reported in 

this literature, the late positive potential (LPP) component has showed the most consistent 

and robust associations with depression in all studies. Thus, we are focusing on the LPP in 

reviewing this literature.

The LPP is a late, positive deflection without a clearly defined peak, starting around 

500–600 ms post stimulus and lasting for (or beyond) the duration of stimulus. In 

healthy individuals, LPP is typically observed in processing socio-emotionally salient cues, 

especially those with high arousal (Cuthbert et al., 2000). The LPP is thought to reflect 

more elaborative and in-depth processing that potentially involves cognitive reappraisal 

and effortful memory retrieval (e.g., Foti et al., 2009; Foti & Hajcak, 2008; Macnamara 

et al., 2009). Studies using non-referential emotion processing paradigms typically report 
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maximized LPP in posterior channels (e.g., midline occipital, parietal, or central). In 

these studies, altered patterns of LPP toward emotional (versus neutral) stimuli have been 

observed in adolescents with clinical depression (Burkhouse et al., 2017; Grunewald et al., 

2019), children with a maternal history of depression (Kujawa et al., 2012), children with 

greater internalizing problems (McLean et al., 2020), and adults with social anxiety disorder 

(Kinney et al., 2019; MacNamara et al., 2019) or elevated social anxiety symptoms (Moser 

et al., 2008; Schmitz et al., 2012).

More recent ERP studies using the SRET paradigm on depression have observed a similar 

LPP elicited by self-schematic processing, which, however, appeared to maximize over more 

anterior channels (e.g., midline fronto-central; Auerbach et al., 2015, 2016; Shestyuk & 

Deldin, 2010). During the endorsement task of the SRET (i.e., deciding whether a word is 

self-descriptive), healthy adolescent girls showed a potentiated LPP toward positive versus 

negative self-referent words (Auerbach et al., 2016), whereas depressed girls (Auerbach et 

al., 2015) and depressed adults (Shestyuk & Deldin, 2010) exhibited a larger LPP toward 

negative versus positive words. Eight-to-14-year-old girls with a maternal lifetime history of 

depression showed a larger LPP elicited by negative words compared to typical-risk peers 

(Speed et al., 2016). In our recent study in a community sample of nine-to-12-year-olds, 

we found that the LPP evoked by positive words predicted lower depressive symptoms 

beyond behavioral SRET scores (Liu & Tan, 2022). Taken together, these ERP studies 

suggest that modulations of the LPP in response to socio-emotional information (including 

self-referential information) may be a valid neural marker of depression and social anxiety.

It is also worth considering the relationship between the behavioral SRET scores and the 

LPP as a neural marker of self-schematic processing. Existing ERP studies of the SRET 

did not find associations between the two indices (Allison et al., 2021; Auerbach et al., 

2015, 2016; Liu & Tan, 2022; Speed et al., 2016), suggesting that these two indices may 

reflect different facets of self-schematic processing. Specifically, behavioral SRET scores, 

the calculation of which incorporates an unexpected free recall component, may tap into a 

more latent aspect of self-schematic processing. On the other hand, the LPP, elicited during 

the endorsement phase when participants are deliberately deciding whether a personal trait 

describes themselves, may reflect a more deliberate aspect of self-schematic processing. It 

is possible that these two facets of self-schematic processing show differential associations 

with depression and social anxiety, which is going to be examined in the current study.

Differential associations between risk markers and depression and social anxiety

The literature reviewed so far provides evidence on the associations between maladaptive 

self-schematic processing and depression or social anxiety. However, these studies 

investigated depression and social anxiety separately, and none of them considered the 

common co-occurrence of the two conditions. It is therefore unclear to what extent the 

observed associations between maladaptive self-schematic processing and depression were 

confounded by co-occurring symptoms of social anxiety and vice versa. This has been 

an issue in other areas of psychopathology research as well. For example, early studies 

observed associations of heightened resting-state right frontal alpha activity (FAA), a neural 

marker of trait-like withdrawal tendencies, with both anxiety and depression (e.g., Davidson, 
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1992; Gotlib, 1998; Henriques & Davidson, 1991). However, later research that accounted 

for the comorbidity between anxiety and depression found associations between FFA with 

anxiety, but not depression (Adolph & Margraf, 2017; Blackhart et al., 2006; Mathersul et 

al., 2008). These studies underscore the importance of accounting for the anxiety-depression 

comorbidity when studying associations between risk markers and depression or anxiety.

The present study

Several gaps exist in reviewing the literature on self-schematic processing in relation to 

depression and social anxiety. First, no work has examined the ERP correlates of self-

schematic processing in association with social anxiety symptoms. Second, none of the 

extant studies, behavioral or neurophysiological, accounted for co-occurring symptoms of 

depression or social anxiety, leaving it unclear to what extent maladaptive self-schematic 

processing is a unique risk marker for either condition. Finally, existing studies have 

focused on individuals with depressive disorders (e.g., Auerbach et al., 2015; Shestyuk & 

Deldin, 2010), social anxiety disorders (e.g., Dixon et al., 2022; Dozois & Dobson, 2001; 

Gotlib et al., 2004), or established depression risk (e.g., maternal depression, Speed et al., 

2016). What remains unclear are the neural (and behavioral) correlates of self-schematic 

processing in typically developing youth with normative, emerging symptoms of depression 

and social anxiety (Costello et al., 2003; Graber & Sontag, 2009) and marked changes 

in self-perception (Pfeifer et al., 2016) as they transition into adolescence. To understand 

the shared mechanisms of typical and atypical development (Cicchetti & Toth, 2009), it 

is critical to examine early risk processes in “typical-risk” youth during this unique time 

window of late childhood or pre-adolescence.

To address these gaps, we conducted an ERP study using the SRET in a group of unselected, 

community-dwelling children of ages nine-12. While the rate of clinically significant 

depression and social anxiety remains relatively low for children of this age, many of 

them start to experience increased symptoms of depression and social anxiety, providing 

sufficient inter-individual variability to study risk processes of interest. Considering the 

methodological advantages of ERPs, we employed both the behavioral and ERP indices 

in assessing self-schematic processing. Specifically, we focused on the LPP component 

that has been consistently identified in relevant ERP studies of SRET and showed robust 

associations with depression or depression risk (Auerbach et al., 2015, 2016; Shestyuk 

& Deldin, 2010; Speed et al., 2016). Using multivariate multiple regression analysis, we 

aimed to isolate the unique variance in symptoms of depression (or social anxiety) that 

was explained by the behavioral SRET scores or the LPP, with comorbid social anxiety (or 

depression) accounted for.

Based on past work, we expected to observe high positive, and low negative, self-schemas 

indexed by the behavioral SRET scores, as is typical in community samples of children 

of this age. We also expected to identify an LPP component elicited during self-schematic 

processing that was similar to those found in previous studies (e.g., Auerbach et al., 2015; 

Liu & Tan, 2022; Speed et al., 2016). Finally, we expected that the behavioral SRET 

scores and the LPP may show differential associations with depressive and social anxiety 
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symptoms. However, given the lack of relevant research in the literature, we do not have 

specific hypotheses concerning the patterns of the differential associations.

Method

Participants and Procedure

Data are drawn from a larger, ongoing project investigating the neurobehavioral correlates of 

cognitive processing risks for anxiety and depression during late childhood. Participants 

were recruited via a registry of local families from the Fargo-Moorhead area in 

North Dakota and Minnesota. Specifically, 115 nine-to-12-year-old typically developing, 

community-dwelling children (66 girls, 49 boys; Mean age of years = 10.91, SD = 1.45) 

and their caregivers were directly recruited from the community and were invited to a 

laboratory visit on campus. Children were not selected based on any particular criteria 

(e.g., whether they’ve received diagnoses of mental health disorders); none of them had any 

major physical diseases, serious mental illness (i.e., a mental disorder resulting in serious 

functional impairment and substantial interference with one or more major life activities), 

or neurodevelopmental disabilities (e.g., intellectual disability, developmental delay). The 

demographics of the sample lined up with the local demographics in the Fargo-Moorhead 

area (87.5% White, 3.6% Asian, 8.9% multiracial; 7.2% Hispanic or Latino; family income 

range: $15,000 - $350,000). A nonparametric binomial test showed that the observed 

proportion of girls (57%) did not different from the proportion of 50% (p = .14), suggesting 

a statistically equal distribution of girls and boys in our sample.

During the visit, caregiver consent and child assent were acquired first. Next, each child 

completed a battery of four EEG tasks (including the SRET) in a counter-balanced order and 

an eye-tracking task tapping different cognitive processing biases. After finishing the study 

visit, children also completed questionnaires on their behavioral and mental health problems 

via a link at home (Qualtrics, Provo, UT). Participants received monetary compensation 

upon completing the study visit and the questionnaires. Only data of the SRET and 

symptoms of social anxiety and depression were reported in this study. The study procedure 

was approved by the Institutional Review Board of the university.

Measures of social anxiety and depressive symptoms

Children reported on their anxiety symptoms via the child-report version of the Screen 

for Child Anxiety Related Disorders-Revised (SCARED; Birmaher et al., 1999). SCARED 

consists of 41 items assessing a range of DSM-defined anxiety disorder symptoms in 

eight-18-year-old youth, including social anxiety, generalized anxiety, separation anxiety, 

school avoidance, and panic/somatic symptoms. For each item, participants selected from a 

three-point scale the one that best describes themselves for the last three months (0 = Not 

True or Hardly Ever True, 1 = Somewhat or Sometimes True, or 2 = Very True or Often 

True). Given our focus on social anxiety, we calculated the total score of the subscale of 

social anxiety (seven items) to indicate social anxiety symptom severity (Cronbach’s α in 

the current sample = .86).
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Children also completed a child-report version of Child Depression Inventory (CDI; Kovacs, 

1978). The CDI consists of 27 items assessing the presence and severity of depressive 

symptoms in seven-to-17-year-old youth. Due to limited inter-individual variability, we 

excluded the item “I want to kill myself.” For each of the remaining 26 items, youths 

selected from three statements the one that best describes themselves for the past two weeks 

(e.g., I have fun: in many things = 0; in some things = 1; in nothing = 2). A total score (range 

0–52) was calculated to indicate depressive symptom severity (Cronbach’s α in the current 

sample = .91).

The SRET

Following common practice in the psychopathology literature (e.g., Gotlib et al., 2006; 

Hayden et al., 2013, 2014; Liu et al., 2021; Prieto et al., 1992), children first watched an 

age-appropriate three-minute sad movie clip (The Neverending Story) to induce sad mood, 

which is thought necessary to activate latent cognitive vulnerability (Abela & Hankin, 2008). 

Children rated their mood before and after watching the clip on a five-point scale (1 = very 

sad, 5 = very happy). Comparing their ratings pre- (M = 3.72, SD = 0.71) and post-induction 

(M = 2.75, SD = 0.91) indicated that mood induction was effective, t(114) = 10.31, p < .001, 

Cohen’s d = 1.19.

Children next completed an SRET with EEG signals recorded. We adopted 60 personal trait 

words (30 positive, 30 negative) used by a previous SRET study in eight-to-14-year-old girls 

(Speed et al., 2016). The positive and negative words differed in valence but were matched 

on arousal and length based on the Affective Norms for English (Bradley & Lang, 1999). 

The 60 words were presented in a pseudo-random manner, such that no more than two words 

of the same valence were presented in a row. Each trial started with a 500 ms fixation cross, 

after which a positive or negative word was presented for 1000 ms, followed by another 

500 ms fixation cross. Next, a question (“Does this word describe you?”) popped up on the 

screen until children pressed one of two buttons on a response box to indicate their answers 

(left button = yes, right button = no). Immediately following the endorsement task, children 

were unexpectedly asked to recall as many of the presented words as possible for up to two 

minutes.

Following standard scoring of SRET (e.g., Derry & Kuiper, 1981; Gotlib et al., 2006; 

Hayden et al., 2013, 2014; Kuiper & Derry, 1982), we calculated behavioral indices of 

self-schemas as the proportion of positive or negative words both endorsed and recalled 

(positive SRET score = number of positive words endorsed and recalled/total number of 

words endorsed; negative SRET score = number of negative words endorsed and recalled/

total number of words endorsed). Consistent with previous findings in children of similar 

ages (Goldstein et al., 2015; Hayden et al., 2013, 2014; Mackrell et al., 2013), negative 

SRET score showed a positively skewed distribution (i.e., most children endorsed and 
recalled a small number of negative words). Thus, negative SRET score was log-transformed 

with base 10 to account for the non-normality. The log-transformed values were used in all 

subsequent statistical analyses.
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EEG data acquisition and processing

Children completed the SRET in an electrically shielded chamber while continuous EEG 

signals were recorded via a 64-channel HydroCel GSN Electrical Geodesics Inc. (EGI) net 

and an EGI 200 NetAmps Amplifier. Prior to the recording session, each net was soaked 

in a potassium salt solution for five minutes before its application to the child. Electrode 

impedances was kept below 50 kΩ. EEG signals were recorded with a sampling rate of 250 

Hz, referenced to the vertex electrode (Cz) during recording.

EEG data were processed using the EEGLab (Delorme & Makeig, 2004) and ERPLab 

(Lopez-Calderon & Luck, 2014) toolboxes operated in MATLAB 9.10.0 (Mathworks, 

Inc., Natick, MA). Raw EEG data were first subjected to offline filter (0.1–40Hz) and 

re-referenced to the average of the two mastoid electrodes. An independent component 

analysis approach was used to detect and remove ocular artifacts caused by eye blinks and 

eye movement. Next, the processed continuous EEG data were time-locked to the onset of 

each word and segmented into epochs from 200 ms before to 1000 ms post the word onset, 

with a 200 ms baseline correction. We further rejected segments with (1) voltage beyond 

±100 μV, (2) a >50 μV change of voltage between timepoints, or (3) a >300 μV change of 

voltage between the most positive and most negative timepoints within a 200 ms moving 

window. Finally, average ERPs were computed for each child, time-locked to all positive or 

negative words, irrespective of whether the word was endorsed. Following artifact rejection, 

102 children with >10 trials in each condition were retained for subsequent analyses.

Principal Component Analysis of ERP data

We examined the LPP component that has been consistently identified as a neural marker 

of depressive psychopathology in previous SRET studies (Allison et al., 2021; Auerbach et 

al., 2015; Shestyuk & Deldin, 2010; Speed et al., 2016). Many existing studies, however, 

quantified ERP components within an arbitrary time window across a selected number 

of electrodes. This approach uses a small portion of the data, yields less accurate temporo-

spatial information, and cannot speak to the underlying components which may not be 

readily perceptible by visual inspection (Luck, 2014). To address these limitations, we 

used a Principal Components Analysis (PCA) to quantify the LPP in our data. PCA is a 

factor-analytic approach that isolates underlying ERP components by accounting for the 

variance across all time points and electrodes, thereby maximizing the utility of the data 

and generating more accurate temporo-spatial information (Dien, 2010; Dien, Beal, & Berg, 

2005; Dien & Frishkoff, 2005).

We used a two-step temporo-spatial PCA approach via the ERP PCA Toolkit in MATLAB 

(Dien, 2010; Dien, Beal, & Berg, 2005; Dien & Frishkoff, 2005). A temporal PCA was 

first performed using Promax rotation to reduce the temporal dimensions of the data (Dien 

& Frischkoff, 2005). The temporal PCA treated time points as variables and participants, 

experimental conditions (positive & negative), and electrodes as observations, generating 

linear combinations of variables (i.e., time points) as temporal factors for each observation. 

In the current data, 21 temporal factors were retained based on the Scree plot (Cattell, 

1966; Cattell & Jaspers, 1967). Next, a spatial PCA was performed on each of the 21 

temporal factors using Infomax rotation to reduce the spatial dimensions of the data, treating 
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electrodes as variables and participants, conditions, and temporal factors as observations. 

Five spatial factors were extracted for each temporal factor based on the Scree plot.

The PCA resulted in 105 temporo-spatial factors (21 temporal × five spatial). Nineteen 

factors, each uniquely accounting for ≥ 0.5% of the variance (Kaiser, 1960), were retained 

for further inspection. Among the 19 factors, the TF02SF1 factor (a fronto-central positivity 

peaking around 952 ms) appeared to be temporally and spatially analogous to the anterior 

LPP reported in previous studies using a similar SRET paradigm (Auerbach et al., 2015, 

2016; Shestyuk & Deldin, 2010; Speed et al., 2016). On the other hand, the TF04SF2 factor 

(a parieto-occipital positivity peaking around 816 ms) was similar to the posterior LPP 

reported in studies using non-referential paradigms (e.g., Burkhouse et al., 2017; Kujawa 

et al., 2012; McLean et al., 2020). Given that the SRET literature has focused on the 

anterior LPP and that in our data, the TF02SF1 factor (3.303%) accounted for greater 

unique variance than the TF04SF2 factor (0.57%), we therefore focused on the anterior 

(rather than posterior) LPP as indicated by the TF02SF1 factor (Figure 1). To facilitate data 

interpretation, the factor scores of each temporo-spatial factor were converted into microvolt 

scaling, corresponding to the voltage of the original data accounted for by each factor. 

The peak “amplitude” of the TF02SF1 factor was extracted for each participant in each 

experimental condition and was subjected to subsequent statistical analyses in SPSS (version 

20.0). Paired-sample t-test was run on the amplitude of LPP extracted from the PCA to test 

differences between the positive and negative conditions. 1

Statistical analysis

To isolate the unique brain activity in response to the positive versus the negative condition 

(and vice versa), we calculated the standardized residual scores of the LPP component in 

each of the two conditions. Residual scores for the positive condition was calculated by 

regressing the LPP amplitude in the positive condition on that in the negative condition; 

residual scores for the negative condition was calculated by regressing the LPP amplitude in 

the negative condition on that in the positive condition. Similarly, given the high correlation 

between depressive and social anxiety symptoms (r = .56 in our data), we also calculated 

the standardized residual scores of depressive and social anxiety symptoms by regressing 

them on each other. These residual scores reflected the unique variance of social anxiety 

or depressive symptoms while regressing out the shared variance between depression and 

social anxiety. The residual scores were used as indicators of LPP and the symptoms of 

depression and social anxiety in subsequent analyses.

Next, we conducted a multivariate multiple regression model to examine the extent to which 

behavioral SRET scores and LPP were uniquely associated with depressive symptoms or 

social anxiety symptoms. Specifically, the behavioral SRET scores and the amplitudes of 

LPP in both conditions were entered as predictors, with the residual scores of depressive 

symptoms and social anxiety symptoms included as outcomes. Child sex and age were 

included as covariates.

1To evaluate the reliability of the ERP measures, we calculated Pearson’s correlations between the amplitude of odd-numbered trials 
and that of even-numbered trials for LPP in each condition. Correlations in both conditions were significant with above medium effect 
sizes, supporting good reliability of LPP (positive condition: r = .42, p < .001; negative condition, r = .43, p < .001).
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Results

Descriptive statistics and bivariate correlations of study variables

Table 1 shows the means, standard deviations, and bivariate correlations of main study 

variables. As expected, social anxiety symptoms and depressive symptoms were positively 

correlated with each other. Children’s positive SRET score was negatively correlated with 

both social anxiety and depressive symptoms, whereas negative SRET score showed positive 

correlations with social anxiety and depressive symptoms. The amplitude of LPP (indicated 

by TF02SF1) in the positive condition showed a marginal positive correlation with social 

anxiety symptoms. The LPP was not correlated with behavioral SRET scores in either 

condition. Child age was correlated with higher positive SRET scores; girls were slightly 

older than boys. Girls also showed greater symptoms of social anxiety and depression 

compared to boys.

Results of multivariate multiple regression analysis

Figure 1 shows the waveforms and topographic maps (at the peak latency of 952 ms) of the 

TF02SF1 factor as an indicator of the LPP component in the two conditions, superimposed 

on the grand average waveforms of the original ERP data. Paired-sample t-test conducted on 

the amplitude of TF02SF1 showed no significant difference between the positive (Mean = 

6.49, SD = 6.98) and negative (Mean = 6.56, SD = 6.97) conditions, t(101) = .13, p = .45.

Results of the multivariate multiple regression showed better overall model fit in predicting 

depressive symptoms (R2 = .28, F(6, 95) = 5.38, p < .01, η2 = .28) compared to predicting 

social anxiety symptoms (R2 = .06, F(6, 95) = 0.96, p = .46, η2 = .06). Table 2 exhibits 

the parameter estimates of each predictor in the model. For the behavioral measures of the 

SRET, both the positive and negative SRET scores were associated with lower depressive 

symptoms indicated by the residual scores with social anxiety symptoms partialled out. 

Behavioral SRET scores were not associated with social anxiety symptoms in either 

condition. For the ERP indices of the SRET, the residual scores of LPP amplitudes in 

both conditions showed marginal associations with social anxiety symptoms with depressive 

symptoms regressed out, but were not associated with depressive symptoms. Finally, sex 

marginally predicted depressive symptoms but not social anxiety symptoms, such that girls 

showed greater depressive symptoms than boys.

Discussion

To better understand the extent to which the behavioral and ERP indices of self-schematic 

processing were differentially associated with emerging symptoms of depression and social 

anxiety in late childhood, we examined the behavioral performance and ERP activity during 

an SRET in an community sample of nine-to-12-year-old children. As expected, children 

displayed high positive, and low negative, self-schemas, as indicated by the behavioral 

SRET scores. In the ERP data, the PCA analysis identified a temporo-spatial factor 

(TF02SF1) that uniquely accounted for 3.30% of the full variance and was temporally and 

spatially analogous to the anterior LPP reported in previous SRET studies (e.g., Auerbach 

et al., 2015; Shestyuk & Deldin, 2010; Speed et al., 2016). Further, multivariate multiple 
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regression showed that in both the positive and negative conditions, behavioral SRET scores 

were associated with depressive symptoms (with the shared variance of social anxiety 

partialled out) but not with social anxiety symptoms. On the other hand, the amplitude 

of LPP in both conditions was showed a marginal positive association with social anxiety 

symptoms but not with depressive symptoms. Our study provides novel evidence concerning 

the differential associations between behavioral SRET scores and SRET-elicited LPP and 

emerging symptoms of depression and social anxiety in late childhood, a critical period for 

elevated risks of depression and social anxiety.

Associations between behavioral SRET scores and symptoms of depression and social 
anxiety

To examine the linkages between self-schematic processing and emerging symptoms of 

depression and social anxiety, we conducted bivariate correlations and multivariate multiple 

regression analysis. Bivariate correlations showed that both the positive and negative SRET 

scores were meaningfully correlated with the original scores of depressive symptoms and 

social anxiety symptoms: lower positive SRET scores, and higher negative SRET scores, 

were associated with greater symptoms of both depression and social anxiety. These 

patterns, however, changed in the multivariate multiple regression analysis when the residual 

scores of symptoms were used with comorbid symptoms partialled out. In particular, the 

associations between positive and negative SRET scores and depressive symptoms remained 

significant, whereas the associations between positive and negative SRET scores and social 

anxiety symptoms were not significant. These results suggest that behavioral markers of 

self-schemas may be uniquely associated with depressive symptoms but not social anxiety 

symptoms in a community sample of older children.

As discussed earlier, the behavioral SRET scores were calculated as the ratio of the 

number of positive (or negative) words both endorsed and recalled to the total number 

of words endorsed. By including the unexpected free recall component, the behavioral 

SRET scores may tap into a more latent aspect of self-schematic processing. Therefore, our 

results suggest that the more latent aspect of self-schematic processing may be distinctively 

associated with emerging symptoms of depression but not social anxiety. This is compatible 

with certain cognitive accounts of depression in the literature, which propose that negatively 

biased cognition portends depression by influencing automatic or implicit processes rather 

than explicit, conscious processes (Ingram et al., 1998; Scher et al., 2005). This proposal has 

also been supported by meta-analytic data showing that implicit cognition reliably predicts 

past, current, and prospective depression (Phillips et al., 2010).

While we did not observe an association between the SRET scores and social anxiety 

symptoms, a previous study on 12–13-year-old community-dwelling adolescents reported 

that a smaller number of self-endorsed positive words was associated with social anxiety 

symptoms while controlling for comorbid depressive symptoms (Alloy et al., 2012). It is 

important to note that this study used a different indicator of the SRET, the number of 

self-endorsed words, which did not incorporate performance on the unexpected free recall 

task and therefore may reflect a different aspect of self-referential processing. Further, the 

Alloy et al. study examined a more diverse sample (56% African American, 33.7% < 
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$30,000 annual family income) than ours (87.5% White, mostly middle class), which might 

also have contributed to the different findings.

Associations between the SRET-elicited LPP and symptoms of depression and social 
anxiety

Our findings of the LPP component in association with symptoms were more equivocal. 

Bivariate correlations yielded a marginally significant positive correlation between the 

LPP in the positive condition and social anxiety symptoms. In the multivariate multiple 

regression analysis, a greater LPP amplitude in both the positive and negative conditions 

was marginally associated with greater symptoms of social anxiety, with depressive 

symptoms partialled out. While these marginally significant results prevented conclusive 

interpretations, they appeared to be consistent with some previous findings based on non-

referential emotion processing paradigms. For example, a recent study in clinically anxious 

9–14-year-old youth reported that higher anxiety symptoms were associated with a larger 

LPP amplitude elicited by both pleasant and unpleasant pictures (Bylsma et al., 2022). 

Four-year-old children with higher anxiety symptoms displayed an enlarged LPP toward 

both pleasant and unpleasant images relative to neutral images, although these effects did 

not survive multiple comparison correction (McLean et al., 2020). More former studies, 

however, reported significant results in the negative condition only. For example, increased 

LPPs elicited by threatening faces have been observed in children with social anxiety 

disorder (Kujawa et al., 2015; Schwab & Schienle, 2017, 2018). In typically developing 

children of ages 5–7, larger LPPs to unpleasant pictures were associated with greater anxiety 

symptoms and fearful behaviors (DeCicco et al., 2012).

It is noteworthy that these previous studies all used non-referential emotion processing 

paradigms (e.g., a passive viewing task) and many of them failed to account for comorbid 

depressive symptoms. In the context of self-referential processing, the LPP-social anxiety 

association may be more valence-general. The LPP is considered a neural marker of in-

depth, elaborative, and deliberate processing of socio-emotionally salient information (e.g., 

Foti et al., 2009; Foti & Hajcak, 2008; Macnamara et al., 2009). In the SRET paradigm, 

when trying to decide whether a personal trait (positive or negative) describe themselves, 

some children may tend to overly deliberate on these traits or show heightened emotional 

reactivity regardless of the valence, reflected by a larger LPP. This pattern may turn out to be 

maladaptive with a particular link to social anxiety, a core feature of which is the fear of, or 

hypersensitivity to, social evaluation of oneself (Rapee & Heimberg, 1997). Indeed, previous 

research suggests that social anxiety is linked with not only fear of negative evaluation but 

also fear of positive evaluation (e.g., Fredrick & Luebbe, 2020; Weeks et al., 2008; Weeks & 

Howell, 2012).

It is unclear why the SRET-elicited LPP was not associated with depressive symptoms 

while partialling out social anxiety symptoms. Considering the observed unique associations 

between behavioral SRET scores and depressive symptom, we speculate the behavioral 

SRET scores and SRET-elicited LPP may reflect different facets of self-schematic 

processing, hence showing differential links with depressive symptoms. As discussed earlier, 

the behavioral SRET scores, by incorporating the incidental free recall task, may reflect a 
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more latent aspect of self-schematic processing. On the other hand, the LPP was elicited 

during the endorsement phase of the SRET, when participants were deliberately making 

decisions on whether a given personal trait was descriptive of themselves. Compared to 

earlier EPR components (e.g., P1) that reflect the very initial stage of automatic information 

processing, the LPP, an indicator of more in-depth, elaborate processing, may reflect a more 

deliberate facet of self-schematic processing.

Strengths, limitations, and future directions

Our study had several strengths. We used multiple measurements including a behavioral 

paradigm, questionnaires, and ERPs, with ERPs tapping into the neural underpinnings of 

self-schematic processing. We took a dimensional approach by examining an unselected, 

community-dwelling youth sample characterized by emerging symptoms of depression and 

social anxiety, with the assumption that sub-clinical and clinical manifestations share the 

same mechanisms of development (Cicchetti & Toth, 2009). Our participants spanned a 

relatively narrow age range (nine-12 years), minimizing the potentially confounding effect 

of age. Considering the heterogeneity of anxiety, we focused on the specific category of 

social anxiety, which typically proliferates around our target ages and may be particularly 

tied to self-evaluative processes compared to other categories of anxiety.

However, we did not control for concurrent anxiety symptoms of other categories (e.g., 

generalized anxiety symptoms) that may be present in our sample. Our cross-sectional 

design could not establish directional associations between behavioral SRET scores, ERP 

markers, and symptoms. It is also worth mentioning that both the positive and negative 

SRET scores in our data were low (positive score range 0–0.38, negative score range 0–

0.25). This may be related to the fact that we used a greater number of words (30 positive, 

30 negative) compared to some previous studies (e.g., 12 positive, 12 negative, Goldstein 

et al., 2015; Liu et al., 2020, 2021). While using more words improved the validity of the 

task, it may have made the free recall task more difficult for children. However, the number 

of words we used was still insufficient to isolate the neural underpinnings of words being 

endorsed from those not endorsed. Future studies using an even greater number of words 

and an unexpected recognition task may be able to better tap into the individual variability 

in the memory component of this paradigm and in the meantime, tease apart the neural 

underpinnings of words endorsed versus not endorsed.

Further, our community sample showed generally low symptoms of depression and social 

anxiety below the clinical cut-offs (Birmaher et al., 1999; Kovacs, 1978, 2015); therefore, 

our results may not be readily generalizable to clinical samples with diagnosable depressive 

and social anxiety disorders. Finally, we conducted a negative mood induction before 

the SRET paradigm. Although some studies suggested that a negative mood induction 

was important to activate the latent construct of self-schemas (Abela & Hankin, 2008), 

we acknowledge that the mood induction might have impacted our results and in future 

research, a comparison between the SRET with and without preceding mood induction will 

help clarify the influences of induced mood on self-schematic processing in relation to 

psychopathology.
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For future research, we plan to follow this cohort up into later stages of adolescence 

that are marked by further increases in psychopathology and greater individual variation 

in self-schematic processing. The psychopathology literature points to a relatively earlier 

onset of social anxiety disorder compared to depressive disorders in youth (Graber & 

Sontag, 2009); social anxiety and related impairments may even play a mediating role in 

tethering early risk processes and depression (Krueger et al., 2014). Therefore, longitudinal 

data will allow us to explore not only the directional relationships between cognitive 

processing risks and psychopathology, but also the directionality between social anxiety 

and depression. With more developed vocabulary and cognition, older youth will also be 

able to perform the SRET with a larger number of word stimuli, allowing for more refined 

measurements of self-schemas and the distinction between endorsed vs. rejected words. 

Finally, a larger sample size will provide greater power to account for concurrent symptoms 

of other categories of anxiety. By collecting longitudinal, causally informative data, we aim 

for a more conclusive examination of the mechanisms that underlie the development of 

depression and social anxiety in relation to self-schematic processing.

Conclusion

Our study provides novel information concerning the differential associations between 

behavioral SRET scores and SRET-elicited LPP and emerging symptoms of depression 

and social anxiety in late childhood, a critical developmental stage for elevated risks of 

depression and social anxiety. We also provided the first evidence on the ERP correlates of 

self-schematic processing in relation to social anxiety symptoms in youth. Our findings on 

the early cognitive risk processes for depression and social anxiety will add to the etiological 

knowledge of these conditions and also inform the early identification and prevention in 

youth at risk for developing depressive and social anxiety disorders.
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Highlights

• Late childhood is a critical time for the development of anxiety and 

depression

• Self-referential processing (SRP) is differentially tied to anxiety and 

depression

• Behavioral marker of SRP is associated with depressive symptoms but not 

anxiety

• Late positive potential during SRP is marginally associated with anxiety but 

not depression
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Figure 1. 
ERP waveforms and topographic maps (at 952 ms) of the TF02SF1 factor in the positive and 

negative conditions superimposed on the grand average of the original data.
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Table 1

Mean, standard deviation, and bivariate correlations of main study variables

Mean SD 1 2 3 4 5 6 7

1 Sex (1=boys, 2=girls)

2 Years of age 10.91 1.45 .20*

3 Social anxiety symptoms 5.75 3.57 .30** .09

4 Depressive symptoms 8.07 8.04 .32** .04 .56**

5 Positive condition - SRET score 0.13 0.08 .07 .20* −.26** −.44**

6 Positive condition - LPP (TF02SF1) 6.49 6.98 −.06 −.04 .19+ .07 −.12

7 Negative condition - SRET score† 0.03 0.05 .14 .13 .29** .41** −.13 −.07

8 Negative condition - LPP (TF02SF1) 6.56 6.97 −.17 −.08 .15 .03 −.10 .74** −.14

Note. SD: standard deviation; SRET: self-referent encoding task; LPP: late positive potential;

†:
log-transformed with base 10;

**:
p < .01,

*:
p < .05,

+:
p < .10.
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Table 2.

Results of multivariate multiple regression analyses.

Outcomes Predictors B SE t p 95% CI Effect size
Observed 
power

Social anxiety symptoms 
(residual score)

Positive condition - SRET 
score 0.06 0.11 0.54 .59 [−0.16, 0.27] 0.00 .08

Positive condition - LPP 
(residual score) 0.30 0.16 1.84 .07+ [−0.02, 0.62] 0.04 .44

Negative condition - 
SRET score 0.05 0.11 0.47 .64 [−0.17, 0.28] 0.00 .08

Negative condition - LPP 
(residual score) 0.28 0.16 1.74 .09+ [−0.04, 0.61] 0.03 .41

Sex −0.27 0.23 −1.21 .23 [−0.72, 0.18] 0.02 .22

Age 0.06 0.11 0.51 .61 [−0.16, 0.27] 0.00 .08

Depressive symptoms 
(residual score)

Positive condition - SRET 
score −0.38 0.10 −3.84 .00** [−0.57, −0.18] 0.15 .97

Positive condition - LPP 
(residual score) −0.08 0.15 −0.52 .60 [−0.37, 0.22] 0.00 .08

Negative condition - 
SRET score 0.32 0.10 3.09 .00** [0.12, 0.52] 0.10 .86

Negative condition - LPP 
(residual score) −0.03 0.15 −0.21 .84 [−0.33, 0.26] 0.04 .06

Sex −0.37 0.21 −1.81 .07+ [−0.78, 0.04] 0.00 .43

Age −0.02 0.10 −0.16 .87 [−0.21,0.18] 0.00 .05

Note. SE: standard error; CI: confidence interval; effect size: partial η2; observed power: 1 - β (α = .05); SRET: self-referent encoding task; LPP: 
late positive potential;

**:
p < .01,

*:
p < .05,

+:
p < .10.
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