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Deactivating attachment strategies associate with early processing of

facial emotion and familiarity in middle childhood: An ERP study

Neurophysiological evidence suggests associations between attachment and the
neural processing of emotional cues (i.e., facial emotion). The current study asks
whether this relationship is also evident in middle childhood, and whether there
is an additional influence of social relevance (i.e., facial familiarity). Attachment
strategies (deactivation, hyperactivation) were assessed in 51 children aged 9 to
11 years using a story stem completion task. Electroencephalography (EEG) was
recorded while children passively viewed pictures of their mother and a female
stranger displaying angry and happy emotional facial expressions. At the stage
of early facial information encoding (N250), we observed attachment
deactivation to be associated with a pattern pointing to an increased vigilance
towards angry faces. Finally, we found the attention-driven LPP to be increased
to happy mother faces as motivationally highly relevant stimuli overall, but not
in children scoring high on attachment deactivation. These children did not seem
to discriminate between mothers’ facial emotions, besides showing a general
attentional withdrawal from social-emotional stimuli. While our results on
attachment deactivation support a two-stage processing approach, there was no
effect of attachment hyperactivation on any of the assessed EEG components.

Keywords: ERP, face processing, attachment, middle childhood, deactivation,

facial emotion



1. Introduction

A key component of the internal working model of attachment (IWM) is the
perception and evaluation of social situations including the caregiver’s and other
persons’ emotional signals (see Bretherton & Munholland, 2016). While securely
attached individuals are assumed to freely evaluate emotional information, insecurely
attached individuals, - presumably having experienced caregivers to be unavailable or
inconsistent in attachment relevant situations — adapt to their social environment by
applying secondary strategies (Kobak, Cole and Ferenz-Gillies, 1993). These strategies
involve a tendency to either deactivate (i.e., suppress and withdraw from emotional
information) or hyperactivate (i.e., enhance processing of negative- information) the
attachment system, and are characteristic of avoidant and preoccupied/ambivalent
attachment, respectively (Bowlby, 1982). Theoretical assumptions linking the
processing of relevant social-affective cues and individual attachment orientations
(Bowlby, 1982) are supported by numerous empirical studies in children as well as

adults (for reviews see Dykas & Cassidy, 2011; Zimmermann & Iwanski, 2015).

Interestingly, evidence in this field points to the relevance of a two-factor model
approach proposing attachment-related variations regarding early automated and later,
more deliberate processing stages (e.g., Zimmermann & lwanski, 2015). Here, the use
of deactivation as a defensive strategy to minimize potentially hurtful experiences has
been studied in more detail suggesting an automatic vigilance towards relevant
(negative) emotional cues followed by an effortful withdrawal from these cues. While
the idea of an early perceptual vigilance in avoidant individual is supported by studies
focusing on perceptual thresholds (Maier et al., 2005) and startle responses (Spangler,

Maier, Geserick, von Wahlert, 2010), others particularly tested the dual stage process



model (Derakshan et al., 2007). Here, attachment avoidance was found to be associated
with an initial bias to attend to and later disengage from threatening facial cues on a
millisecond basis (Chun et al., 2015). Also, Zheng and colleagues identified similar
patterns of neural responses to emotional faces to be associated with attachment-related
deactivation (Zheng et al, 2015). Regarding hyperactivating strategies, research on
anxious attachment in adults (assessed via self-reports) suggests a rather generally
heightened vigilance towards stimuli of social and emotional significance and increased
attention specifically to unpleasant stimuli in this group (e.g., Fraley et al., 2006). In
other words, differences between deactivation and hyperactivation may emerge only at a
later processing stage whereas early perceptual vigilance is expected to be inherent to
both strategies (see Niedenthal et al., 2002). Taken together, it is suggested that in line
with a dual stage process model the use of attachment strategies may reflect as
differences in the temporal processing domain. Still, to our knowledge research
particularly testing this assumption is limited to studies using self-reports of attachment

in adult samples.

Here, applying the event-related potential (ERP) technique is a well-suited
approach. Following a standardized procedure (Luck, 2014), relevant ERP components
are extracted from the ongoing electroencephalogram (EEG), each of which is
indicative of specific underlying mental processes. The method’s great advantage lies in
the possibility to detangle different processes at very early stages of information
processing (i.e., perception, attention, evaluation, etc.) that may remain obscured when
using more traditional behavioral methods alone (Woodman, 2010). Regarding its high
temporal resolution, it is also superior to other neuroscientific methods (e.g., functional

magnetic resonance imaging, fMRI).



Within the field of social neuroscience, interest in the impact of early caregiving
on brain mechanisms of social and emotional processing is growing steadily (see
Taylor-Colls and Fearon, 2015, Long et al., 2020). Previous ERP studies in the field
have especially focussed on facial emotion and familiarity processing. Variations in this
domain have shown to be associated with experiences of maltreatment (e.g., Curtis and
Chicchetti, 2013), institutionalisation and foster care (e.g., Moulson et al., 2009; Kungl
et al., 2017) and the development of attachment disorders (Mesquita et al., 2015). Facial
emotion processing has also repeatedly been used as a neural marker of socio-emotional
outcomes related to parenting behaviour (e.g., Taylor-Colls & Fearon, 2015, Swingler et
al., 2007) and parental affective symptoms (e.g., Kujawa et al., 2012). Relevant ERP
studies usually include well-studied components representing both very early perceptual

processing of facial information and later sustained attention to salient stimuli.

Typically, face stimuli (as compared to non-face stimuli) elicit an early negative
activity over occipital-parietal regions, that appears to discriminate between caregiver
and stranger faces in children (e.g., Dai et al., 2014) and is also suggested to be
modulated by attachment in younger age groups (Kungl et al., 2017, Peltola et al.,
2020). In contrast to its neural precursor, the P100 (see supplement S1), this negativity
is related to robust facial representations and the detection of facial information beyond
low-level visual properties (Rossion & Caharel, 2011). In adults, it has a typical
topography and is referred to as the N170, representing the most widely used marker for
face perception (see Eimer, 2011). However, there is some debate about its
topographical distribution in children (see Kuefner et al., 2010), which only becomes
more adult-like by the teenage years (Taylor, Batty, & Itier, 2004). Testing early ERP

patterns of face sensitivity developmentally, Kuefner et al. (2010) suggest that the



repeatedly observed second negative going peak directly following children’s N170 is
actually the N250, and that both components tend to merge, leading to a wider negative
going waveform evident in children. The N250 itself is sensitive to the recognition of
known or learned faces (e.g., Schweinberger et al., 2004) as it relates to the neural
recruitment of long-term (facial) representation. More precisely, it is enlarged in
response to personally familiar as compared to unfamiliar faces (e.g., Pierce et al.,
2011).

Subsequent to the early encoding of facial information, salient stimuli elicit an
ongoing positive slow wave in parietal regions. The so-called late positive potential
(LPP) is thought to reflect sustained attentional engagement when processing
emotionally and/or motivationally relevant stimuli (e.g., Schupp et al., 2000) and can
reliably be identified throughout development. In both children and adults, the LPP is
elevated in response to emotional as compared to neutral stimuli (Hajcak, Weinberg,
MacNamara, & Foti, 2012 for review), including emotional facial expressions (Smith et
al., 2013). Moreover, the LPP was found to be enlarged to angry as compared to happy
faces (e.g., Schupp et al., 2004). However, when stimuli were socially relevant (i.e.,
anticipated future interaction partners), LPP enhancements have also been identified for
happy as compared to angry faces (Bublatzky et al., 2014). Interestingly, in children, the
LPP’s sensitivity to emotion has been linked to emotion regulatory processes (Babkirk,
Rios, & Dennis, 2014) and is discussed as a neural marker for internalizing disorders

(e.g., Chronaki et al., 2018).

Notably, ERP studies linking attachment strategies to social emotional
processing are highly heterogeneous regarding the method used to assess attachment,

the employed experimental paradigms and the included age groups, limiting



comparability and generalization of findings. To our knowledge, the only two ERP
studies that have specifically looked at attachment-related differences in children’s
facial information processing using ERPs are restricted to preschool (Kungl et al., 2017)
and infant samples (Peltola et al., 2020). Importantly, these studies did not differentiate
between the two insecure groups making it impossible to draw conclusions about
specific attachment-related strategies (i.e., deactivation and hyperactivation). Finally,
the phase of middle childhood when children become more self-reliant in the regulation
of their emotions (Zimmer-Gembeck & Skinner, 2011), remains neglected, albeit
children’s perceptions and regulatory efforts within social interactions are especially
critical to socio-emotional adjustment during this time (Ziv, Oppenheim, & Sagi-

Schwartz, 2004).

Current study

Addressing a void in the literature, the current study aimed to identify emotion
regulatory patterns associated with the use of individual attachment strategies
(deactivating/hyperactivating) in middle childhood. We therefore looked at two well-
studied ERP components representing different stages of facial emotion processing
(N250, LPP), which were extracted from the ongoing EEG signal during a passive
viewing task using happy/angry faces of children’s mothers and female strangers.
Guided by the proposed two-factor model of attachment related socio-emotional
processing in middle childhood (Zimmermann & lwanski, 2015), we expected that
children’s deactivating strategies would lead to increased vigilance to (angry) faces at
an early perceptual processing stage (N250), followed by an attentional withdrawal
from social-emotional information reflected in dampened LPP amplitudes. Conversely,

we expected hyperactivating strategies to result in overall heightened neural responses



to emotional faces at both stages. We further asked whether by middle childhood, these
patterns would generalize to a broader social context (Ziv, Oppenheim, & Sagi-

Schwartz, 2004) and thus would be comparable for mother and stranger faces.

2. Methods
Participants

The final sample consisted of 51 children (29 female) aged 9 to 11 years (M =9.91, SD =
.51). Six more children were tested but excluded due to an insufficient number of EEG
signal artefact-free trials. Children were right-handed and of Caucasian origin. All children
were living with their biological mother. The sample of children was comparable to a
normative German sample regarding mental health as indexed by the Strength and
Difficulties Questionnaire (SDQ, Woerner et al., 2002). Participants were part of a sub-
sample of a larger longitudinal study (Goecke et al., 2008; Hein et al., 2014; Eichler et al.,

2017).

Procedure

The current study used data from two laboratory assessments, one behavioural and one
neurophysiological. Both times, mother and child came to the laboratory together and
mothers gave written consent for themselves and their children. After completion of each
assessment, the dyads received a small present and monetary compensation (20 Euro). The
study was conducted in line with the guidelines for neurophysiological research provided
by the German Psychological Society and in accordance with the Declaration of Helsinki. It

was approved by the University’s ethics committee.



Children’s Attachment Strategies

Children’s attachment strategies were assessed with the Attachment Story Completion Task
(ASCT, Bretherton et al., 1990), which consists of five story stems designed to activate
children’s attachment representations (e.g., separation from and reunion with the parents,
fear, injury, etc.) and a warm-up story. The task was initially designed for younger children
but has successfully been used in older children up to 11 years of age (Bovenschen et al.,
2016; Richartz et al., 2013). Children’s stories were videotaped and coded by two
experienced and trained raters using a German version of the Q-sort procedure developed by
Miljkovitch, Pierrehumbert, Bretherton, and Halfon (2004). The rating was correlated with
three ASCT criterion sorts describing different representational attachment strategies (e.g.,
attachment security, deactivation, and hyperactivation of the attachment system), yielding
scores between -1.0 and +1.0 for each scale. For reliability testing, 15 videos were double-
coded. Pearson’s r was .79 for attachment security, .84 for deactivation, and .69 for

hyperactivation, which can be interpreted as moderate to strong pairwise correlations.

Z-standardized scores for security ranged from -.49 to .94 (M=.25, SD=.38), while
deactivation and hyperactivation scores ranged from -.80 to .51 (M=-.18, SD=.39) and from
-.21 10 .24 (M=-.03, SD =.10), respectively. Correlational analyses showed no statistically
significant association for hyperactivation neither with attachment security, r = -.14, p = ns,
nor with deactivation, r = .08, p = ns. However, attachment security and deactivation were
highly correlated, r =-.99, p <.001. Notably, similar associations between the two security
and deactivation dimensions have also been reported in other studies (Charest et al., 2019),
and similarly resulted when correlating the expert scores provided by Miljkovitch and
colleagues (2004). Given the focus on attachment strategies rather than attachment per se,

in our analyses, the two dimensions hyperactivation and deactivation were used as



predictor variables, while keeping in mind that lower scores in the latter relate to increases

in attachment security.

ERP data collection

Children were seated in front of a computer screen and the experimenter sat behind a
curtain monitoring the EEG signal and observing children via a webcam. Short breaks were

made between blocks when necessary to keep up children’s attention.

Stimuli

Stimuli included two types of facial emotion expressions (happy, angry) each presented by
either the children’s mother or a female stranger, all Caucasian. Stranger faces were taken
from a standardized picture set (Tottenham et al., 2009) each expressing both emotions
with mouth closed. For each mother, one out of six actors was chosen individually to match
face stimuli with regard to visual features (i.e., hair colour, shape). Right before the ERP
assessment, mothers’ pictures were taken against a blue screen. They were instructed to
pose both emotional expressions by imitating images of the corresponding stranger.
Afterwards, two experimenters rated mothers’ pictures regarding emotion intensity and, for
each expression, the best match to the corresponding stranger stimuli was chosen. Colour
information was removed and images were adjusted in figure-ground ratio, position,
contrast, and lightning if necessary. Images were placed on a grey background layer and

were presented on a 19-inch screen at a size of 14 cm x 10 cm at a distance of 65 cm.

Task Design

The passive viewing paradigm consisted of 160 trials and followed a 2 (emotional
condition: happy, angry) by 2 (familiarity: mother, stranger) design with 40 trials per

condition. It was divided into four blocks each presenting 40 trials in randomized order.



Each trial started with a 200ms pre-stimulus recording interval (black screen) followed by
the stimulus appearing at the center of the screen for 500ms, a blank post-stimulus
recording interval of 1300ms as well as a blank intertrial interval varying between 600 and
1200ms. The total duration of the experiment was about 10 minutes. Stimuli were

presented using Inquisit (Version 3, Millisecond Software)

EEG recording and Data Reduction

EEG was recorded using a 32-channel system with active electrodes (ActiCap, Brain
Products, Munich) placed in standard positions Fp1, Fp2, Fz, F3, F4, F7, F8, FC1, FC2,
FC5, FC6, Cz, C3, C4, T7, T8, CPz, CP3, CP4, Pz, P3, P4, P7, P8, 02, 01, O2, TP9, TP10,
PQO9, and PO10, with FCz serving as the online reference. The signal was amplified and
digitized with a 500 Hz sampling rate using Brain Amp (Brain Products, Munich).
Electrooculogramm (EOG) was recorded from one electrode placed underneath the childs'

right eye.

Offline analyses were carried out using Brain Vision Analyzer (Brain Products,
Munich). After a visual raw data inspection, an average of 1.86 channels affected by
excessive artefacts were interpolated using spherical splines with a maximum of six
interpolated channels per subject. Blinks were detected and corrected following the
procedure by Gratton et al. (1983). An offline filter with a bandwidth ranging from 0.1
to 30 Hz (24 dB/oct) was applied and the signal was re-referenced to an average
reference. Data was segmented from 150ms before to 1000ms after stimulus onset and
the signal was corrected using brain activity from -150ms to Oms as the baseline.

Aurtifact correction on segmented data was run automatically and restricted to an interval



length of 800ms. The whole segment was removed when there were voltage steps of 75
mV/ms. The maximum/minimum allowed amplitude was +- 100 mV. A minimum of 20

artefact-free trials per condition was critical for inclusion in the final sample.

Insert Figure 1 here

Electrode sites (Figure 1) and time intervals were chosen based on the literature and a
visual inspection of the grand average waveform. At parieto-occipital electrode sites, we
identified a waveform that resembled the age-typical topography of an extended face-
sensitive negativity described by Kuefner et al. (2010), which might coincide with the
N250. Following a positive peak (P100), the N250 was most prominent between 200 and
320 ms and was defined as the maximum peak during this time window (M=246ms,
SD=19) averaged over parietal electrodes PO9 and PO10 (e.g., Kuefner et al., 2010). At
parietal electrodes, we found a positive-going modulation of the ERP amplitude peaking at
around 300ms (similar to the P300 component) followed by an ongoing positive waveform
starting at about 400 ms and a subsequent decrease. Informed by the average waveform as
well as other studies (e.g., MacNamara and Hajcak, 2010) mean activity between 400 and
800 ms averaged over electrode sites P3,Pz,P4 (e.g., Kujawa et al., 2012) was extracted to
measure the LPP. Notably, we also explored the LPP at occipital electrodes but found no

effect of emotion, familiarity, attachment or their interaction.

Statistical Considerations and Analysis Plan

Before analysing, all measures (averaged amplitudes for each condition for each ERP
component, attachment and demographic variables) were checked for outliers and

distribution. Outliers were defined as values deviating more than 3 standard deviations



from the mean and winsorized up or down to the respective 3 standard deviation

boundaries. No distribution issues were detected. All dimensional variables were centered.

Analyses were computed separately for the N250 and the LPP. For each ERP component,
one main repeated measures analysis of variance (RM-ANOVA) was computed with
emotion (happy, angry) and familiarity (mother, stranger) as repeated factors. Biological
child sex and age were entered as control variables but not further explored. Subsequently,
one more RM-ANOVA per component including the attachment dimensions deactivation
and hyperactivation as covariates of interest (i.e. RM-ANCOVAs) was computed. In the
case of significant effects, Bonferroni-corrected post-hoc t-tests were performed and
interactions with deactivation and hyperactivation scores were visualized by plotting mean
scores at -1 and +1 standard deviations from the mean. Alpha values <.05 defined a
significant effect. Effect sizes are reported as partial eta squared (%), where .01 represents
a small effect size, .06 represents a medium effect size, and .14 represents a large effect

size (Cohen, 1988). Detailed results of each analysis are shown in Supplementary Tables

S2.3t0 S2.6 (supplement).


https://figshare.com/articles/journal_contribution/supplementary_material_Attachment_and_ERP/17025350

3. Results

Behavioral Data

We checked for associations between child age and biological sex and attachment
deactivation and hyperactivation scores. Child age did not correlate with attachment scores
(Pearson correlations, ps>.35). There was, however, a significant sex-difference for
deactivation scores (independent samples t-test; t= 3.13, p=.003, mean difference = .32,
95% Cl .12 to .52) because deactivation scores were higher for boys as compared to girls.

No such sex-difference was present for hyperactivation scores (p=.81).

N250

The RM-ANOVA with familiarity (mother, stranger) and emotion (angry, happy) as within
subject variables (controlling for child age and biological sex) revealed significant main
effects for familiarity (mother > stranger), F=14.701, p<.001, #,>=.234, and emotion (angry
> happy), F=7.252, p=.010, 7,?=.131 (see Figure 2), but no significant interaction. When
adding the two attachment dimensions, there furthermore was a significant interaction
between emotion and deactivation, F=5.423, p=.024, 5,>=.105. For visualizing and
interpreting this interaction, we plotted mean amplitudes for emotion (happy, angry) at
deactivation values of -1 and +1 standard deviations from the mean (see Figure 2, right
panel) and derived post-hoc t-tests. The t-tests revealed that while for children with lower
deactivation scores, there was no significant amplitude difference between happy and angry
faces, mean difference=.041, p=.948, 95%CI -1.216 to 1.297, this amplitude difference
was significant for children with higher deactivation scores, mean difference= 2.130,

p=.001, 95%CI .947 to 3.313. In other words, with increasing deactivation scores, the



difference in N250 amplitude between happy and angry faces (in the direction angry >

happy) also increased.

-Insert Figure 2 here-

LPP

The RM-ANOVA with familiarity (mother, stranger) and emotion (angry, happy) as within
subject variables (controlling for child age and biological sex) did not reveal any main
effects neither for emotion nor for familiarity. However, we observed a significant
interaction between familiarity and emotion, F=4.581, p=.037, #,?=.087. Post-hoc t-tests
showed that the familiarity by emotion interaction emerged because the LPP amplitude (i)
only significantly differed between happy and angry faces in the mother condition, mean
difference=.795, p=.017, 95%CI .150 to 1.44, and (ii) only significantly differed between
mother and stranger faces for happy emotion, mean difference=.622, p=.047, 95%CI .008
to 1.236 (see Figure 4). In other words, the LPP effect showed a differentiation between
happy and angry emotional expressions (in the direction happy > angry), but only for the

mother and not the stranger faces.

When adding the two attachment dimensions, we observed a significant effect of
deactivation on the mean LPP amplitude across all conditions, F=9.546, p=.003, #,?=.172.
For interpretation of this effect, we derived the mean LPP amplitude for deactivation values
at -1 and +1 standard deviations from the mean. This analysis revealed overall higher mean
LPP amplitudes for children with lower deactivation values, mean=4.223, 95%CI1=3.284 to
5.161, as compared to children with higher deactivation values, mean=2.152, 95%CI=1.269
to 3.036. There furthermore was a significant association between familiarity and

deactivation, F=5.356, p=.025, 5,>=.104, and between familiarity and emotion, F=5.328,



p=.026, 7,2=.104, which was qualified by the interaction between familiarity, emotion, and
deactivation, F=4.177, p=.047, #,?=.083. For visualizing and interpreting the three-way
interaction, we plotted LPP amplitudes for familiarity (mother, stranger) and emotion
(happy, angry) at deactivation values of -1 and +1 standard deviations from the mean (see
Figure 3), and we calculated the familiarity and emotion effects at deactivation values -1
and +1 standard deviations from the mean as separate post-hoc t-tests. These post-hoc t-
tests revealed only a significant difference in mean LPP amplitudes between (i) happy and
angry emotional faces in the mother condition for lower deactivation values, mean
difference=.1.779, p<.001, 95%CI .834 to 2.725, and (ii) mother and stranger faces in the
angry emotion condition for lower deactivation values, mean difference=-1.514, p=.006,
95%CI=-2.575 to -.453. Overall, these findings revealed that the emotion by familiarity
interaction observed across the entire participant sample decreased the higher the children’s

deactivation scores were.

-Insert Figure 3 here-

4. Discussion

Being the first study to investigate whether hyperactivating and deactivating attachment
strategies were associated with certain patterns of neural sensitivity to mother and
stranger emotional (angry/happy) faces in middle childhood, we found familiarity and
attachment to affect perceptual stages of facial encoding as early as the N250. Here,
attachment interacted with emotion pointing to an increased vigilance towards angry
faces (as compared to happy faces) in children scoring high on deactivation. This was
followed by a general increase in attentional engagement to happy mother faces as
motivationally highly relevant stimuli (LPP) in all children, which, however, was not

evident in children scoring high on deactivation. These children showed a pattern of less



discrimination of mother’s facial emotion expressions and a general disengagement
from socio-emotional stimuli. In sum, our results partly confirm a two-stage model of
socio-emotional processing related to deactivating attachment strategies. Still, there was

no effect of hyperactivation at any stage of face processing.

Confirming previous evidence (e.g., Kungl et al., 2017), facial familiarity
processing did not modulate the P100 (see supplement S1), but an early subsequent
parietal negativity that may reflect the stage of perceptual memory retrieval as indexed
by the N250 (Schweinberger et al.,2004). In line with previous data, the N250 in our
study was increased for mother as compared to stranger faces (e.g., Pierce et al.-, 2011;
Waller et al., 2015). Interestingly, we also found this early negativity to be increased in
response to angry versus happy faces, although we are not aware of any other reports on
the parietal N250’s sensitivity to emotion expression. Since in children, the early face-
specific component is subject to developmental changes and may in fact be generated
by several sources (Batty and Taylor, 2006), studies on the preceding N170 may also be
informative here. For example, comparable to our findings, O’Toole et al. (2013) have
identified an early negativity to angry versus happy faces probably indexing an early
staged threat-related attentional bias, which was found to moderate increases in
symptom severity in child anxiety.

When adding attachment dimensions, the N250 angry face effect was qualified
by an interaction between emotion and deactivation. Children scoring higher on
deactivation more strongly discriminated between angry and happy faces, with N250
amplitudes to angry faces becoming more pronounced with increasing deactivation
scores. In contrast, previous research on attachment and affective cue processing is

rather unspecific with regard to emotional valence. For example, in a behavioral study,



lower perceptual thresholds to emotional - but not neutral - social stimuli in avoidantly
attached adults were found (Maier et al., 2007). Regarding previous ERP evidence,
early face-sensitive components were repeatedly observed to be increased in response to
emotional face stimuli in avoidantly (Zheng et al., 2015) or insecurely attached
individuals in general (Fraedrich et al., 2010, Irak et al., 2020). While these latter
studies did not find specific effects of emotional valence, increased early face sensitive
negativities to angry versus happy faces were only recently reported in both avoidantly
and anxiously attached (or deactivating and hyperactivating) adults, with avoidantly
attached individuals additionally showing shorter latencies to angry faces (lrak et al.,
2020).

Our findings extend the current literature in important ways. For the first time
we report neural evidence that children using deactivating (but not hyperactivating)
attachment strategies show an early perceptual negativity bias as indexed by increased
N250 amplitudes to angry versus happy faces. As theorized by Bretherton (1991),
avoidantly attached children may be more vigilant towards their social environment in
order to instantly apply a deactivating strategy when needed (also see Zimmermann &
Iwanski, 2015). Within this context, the detection of negative (as opposed to positive)
social cues may be especially relevant, as negative cues (here angry faces) are likely to
trigger early experiences of rejection and thereby activate defensive mechanisms to
protect the child from painful feelings. Interestingly, the above effect was found across
both mother and stranger faces, suggesting a more generalized perceptual bias towards

angry emotional faces in this age group.

Converging with our findings on the N250 ERP amplitude, the LPP was also

modulated by facial familiarity, emotion, and deactivation (but not hyperactivation).



Specifically, over all time windows, the LPP indicating sustained attentional
engagement to motivationally highly relevant stimuli (e.g., Schupp et al., 2000) only
discriminated between emotions in mother but not stranger faces, with increased
amplitudes to mothers’ happy (as compared to angry) facial expressions in all children.
This finding contrasts with previous studies that have repeatedly found increased LPP
amplitudes to angry as compared to other facial emotion expressions (e.g., Schupp et
al., 2004). Such inconsistency may be explained by the salience of mother face stimuli
in our mid-childhood sample. Accordingly, Bublatzky et al. (2014) found increased LPP
amplitudes in response to happy versus angry faces of people that were anticipated to be
future interaction partners. Suggesting a moderating effect of social relevance on LPP
amplitudes to varying emotional valence, the authors point out that especially in low-
arousing experimental conditions, socially relevant happy faces may efficiently activate
the motivational approach system leading to LPP amplitude increases (Bublatzky et al.,
2014). Along these lines, our finding is also indicative of a sustained facilitation effect
for the processing of happy familiar faces proposed by Wild-Wall et al. (2008).

Adding attachment to our analyses revealed that the above-described
discrimination between happy versus angry familiar (mother) faces was only evident in
children scoring lower on deactivation. In children scoring higher on deactivation, the
LPP amplitude did not differentiate between mothers’ facial emotions. This finding
partly corresponds to results of a previous eye-tracking study, which also showed
atypical processing of mother faces in avoidantly attached children, however,
independent of emotional valence (Vandevivere et al., 2014).

Regarding the emotional valence of mothers’ face processing it came somewhat
as a surprise that we found deactivation to affect the extent to which the LPP

discriminated between happy and angry faces in the direction of happy > angry. In fact,



attachment is more readily associated with socio-emotional processing in association
with threat that conveys a higher intrinsic salience in terms of survival. Notably, given
the study design we cannot draw conclusion on attachment and happy face processing
per se. Still there are several explanations, why happy (as compared to angry) mother
faces may still be particularly relevant in the attachment context. For example, happy
mother faces are naturally very likely to trigger attachment-relevant experiences. In
particular, through successful co-regulation (i.e., social allostasis), positive interactions
with the caregiver become encoded as rewarding (Long et al., 2020). Children scoring
low on deactivation may be more open to evaluate both negative and positive
information and clearly distinguish between mothers’ emotional signals with happy
mother faces being especially salient. In our study, decreased discrimination between
happy and angry mother faces (as indexed by the LPP) may be indicative of a rather
ambiguous emotional climate within the family. This may mean that for children
scoring high on deactivation mothers’ happy as well as angry faces both associate with
withdrawal tendencies (here indexed by overall dampened LPP amplitudes). In that
sense, our results also support previous neurophysiological evidence suggesting that an
insensitivity to reward (such as in the processing of a happy familiar face) may be one
of the most characteristic features of attachment avoidance (see Long et al., 2020).
Notably, beside the above-described pattern of mother face processing in more
avoidantly attached participants, we found an overall effect of deactivation on the LPP.
Higher deactivation was additionally associated with overall dampened LPP amplitudes,
pointing to a more general disengagement from social-emotional stimuli. Previous ERP
studies identified similar patterns of attentional disengagement to both positive and
negative emotional pictures (MacNamara, Kotov, & Hajcak, 2016) and faces in

different age groups showing depressive symptoms (e.g., Proudfit et al., 2015). In



addition, this pattern of electrocortical reactivity to emotional faces was also found in
children exposed to rather negative family environments (James et al., 2018; Goldstein
et al., 2021). Importantly, such application of defensive exclusion (Bowlby, 1982) has
its costs, as the inhibition of attachment-related information requires cognitive effort
potentially impacting emotional functioning and well-being (Chun et al., 2015; Leyh et

al., 2016).

In our study, higher deactivation was associated with less differentiation
regarding the valence of mothers' facial expressions. Future studies should include
neutral faces to test whether there is also less LPP differentiation between emotional
and neutral faces in this group, a pattern that has been linked to backgrounds of
maternal depression and is discussed as a possible marker for children’s own risk of
depression (Kujawa et al., 2012). In fact, although deactivating attachment strategies
presumably result from withdrawing parenting behaviours that are also evident in
maternal depression (Martins & Gaffan, 2000), evidence for the mediating role of
deactivating strategies between avoidant attachment and children’s own depressive
symptoms remains inconsistent (Malik et al., 2015). However, it is possible that, in line
with previous findings (Kungl et al., 2016; Monti & Rudolph, 2014), specific
components of emotional processing may indeed make avoidantly attached individuals

particularly vulnerable to the development of affective symptoms.

One major study aim was to test a two-stage model with regard to emotional
processing related to insecure attachment. While hyperactivating attachment strategies
were not related to emotional face processing in our study, there was some evidence for
the model with regard to deactivating strategies. In particular, deactivating strategies

were associated with enhanced perceptual processing (N250) of angry faces followed by



a later application of attentional disengagement (LPP) to emotional face stimuli, which
was particularly evident in response to a differentiation between happy and angry
mother faces. A similar processing pattern of attentional vigilance followed by
attentional avoidance (here: of rejection stimuli), has also been identified in children
with reactive attachment disorder using a dot-probe paradigm (Zimmermann & Meier,
2011) as well as in adult ERP studies on facial emotion processing (e.g., Zheng et al.,
2015). In sum, our study not only further support the idea of two distinguishable
processing stages, but it also extents previous evidence of a defensive exclusion of
attachment-related information in avoidantly attached individuals (e.g., Kirsh &
Cassidy, 1997, Dykas & Cassidy, 2011). Further studies are needed to confirm our
findings regarding a possible neural signature of a two-stage processing underlying

deactivating attachment strategies in children.

Limitations and Directions for future research
Regarding the LPP effect, it should be mentioned that the increased ERP difference
between angry and happy mother faces in children scoring low on deactivation may, at
least partially, be explained by decreased LPP amplitudes to mother angry faces
(especially relative to stranger angry faces). Thus, the positivity bias in association with
mother face for low deactivation may not only have been driven by the happy mother
face condition alone, but in combination with the angry mother face condition.
Furthermore, our results need replication in a larger sample of children using
comparable measures. In general, studies on attachment and neural correlates of
emotional face processing are highly heterogeneous regarding the employed attachment
assessment measure, the ERP paradigms used, and the age groups included. As ours

was the first ERP study to focus on attachment strategies and their associations with



emotion and familiarity processing in mid childhood, more studies are needed to
confirm our findings. Also, as discussed above, future studies may need to include sad,
fearful as well as neutral faces to gain a broader understanding of attachment and social-
emotional information processing in children (e.g., Kammermeier, 2020; Peltola et al.,
2020).

Notably, we did not find any effects of hyperactivating strategies. This may
partly be due to the fact that hyperactivation was not pronounced in our sample leading
to low statistical variance (M=-.03, SD =.10). Indeed, meta-analytic results suggest that
regardless of gender, only 14% of children aged between 6 and 14 years old can be
classified as insecure-ambivalent (Bakermans-Kranenburg & van ljzendoorn, 2009).
While many studies do not differentiate between insecure groups (also see Zimmermann
& lwanski, 2015), the few that assessed socio-emotional processing regarding
attachment, for example, found clear effects of vigilance for the avoidant but only mild
(Maier et al., 2005) or no effects for the preoccupied/anxious group (Chun et al., 2015).
Also, in an eye-tracking task disengagement from angry and happy faces were related to
avoidance but there was no significant effect of an anxious attachment style (Byrow et
al., 2016).

Still, we cannot rule out the possibility that hyperactivation could be associated
with specific neural patterns of emotional face processing. Future studies may be more
successful using certain strategies to activate hyperactivation by experimentally
inducing stress prior to the assessment or implementing stimuli associated with rejection

(e.g., DeWall et al., 2012).

Finally, methodological limitations regarding the ASCT criterion sort (Miljkovitch et al.,
2004) need to be mentioned. One refers to the high negative correlation between

attachment security and deactivation ASCT criterion sort (Miljkovitch et al., 2004), which



may but cannot certainly be ascribed to sample characteristics alone. In addition, there was
only a moderate interrater reliability on the hyperactivation scale (.69). Finally, there was
only limited availability of a second reliable coder due to discontinuities in the study
progress in the course of the pandemic. Eventhough the percentage is comparable to other
studies, the rather small absolute number of the ASCT reliability codings points to another

possible methodological weakness.

Concluding remarks

Due to the novelty of our findings, they should be viewed as preliminary. Future studies
including larger sample sizes are necessary for confirmation and extension. In general,
studies especially focussing on attachment and socio-emotional information processing
in mid-childhood samples are highly relevant due to an increasing demand for
emotional self-regulation during this important developmental stage (e.g., Zimmer-
Gembeck & Skinner, 2011). In fact, when children spend more time away from home,
the IWM plays a central role in their socio-emotional adjustment (Boldt et al., 2016).
This may be especially true as our results show that in this age group the IWM is likely
to shape not only perceptions of cues presented within the family context but generalize
to a broader social context (here: stranger faces). Biased processing of social-emotional
cues and related emotion regulation strategies discussed above may then guide behavior
in novel situations, possibly hindering positive experiences in new social relationships
(Feeney et al., 2008). Finally, future studies in mid-childhood samples should also
include more deliberated processing steps like attributional biases or the interpretation
of social situations (e.g., “attributions of others’ intentions, theory of mind ability etc.,
Zimmermann & Iwanski, 2015, p.54). Linking these different components of emotion

regulation may then have the possibility to lead to a more comprehensive social-



information processing theory related to deactivation, like it has been done for children
showing certain maladaptive interaction styles (i.e., aggression, see Dodge & Crick,

1990).

Acknowledgements

We thank our research students Anusche Macht, Julian Kahler, and VVerena Kellerer for
their help with the acquisition of ERP data. Further, we want to acknowledge the work
of Vera Zalan and Christina Strobl for collecting and coding children's story stems as
well as Ina Bovenschen for sharing her expertise about the method. Finally, we thank all
participating families and especially all the children who were so patient and

cooperative during the assessments.



References:

Babkirk, S., Rios, V., & Dennis, T. A. (2015). The late positive potential predicts
emotion regulation strategy use in school-aged children concurrently and two

years later. Developmental science, 18(5), 832-841.

Batty, M., & Taylor, M. J. (2006). The development of emotional face processing
during childhood. Developmental science, 9(2), 207-220.

Bakermans-Kranenburg, M. J., & Van ljzendoorn, M. H. (2009). No reliable gender
differences in attachment across the lifespan. Behavioral and Brain Sciences, 32(1),
22-23.

Boldt, L. J., Kochanska, G., Grekin, R., & Brock, R. L. (2016). Attachment in middle
childhood: predictors, correlates, and implications for adaptation. Attachment &
human development, 18(2), 115-140.

Bovenschen, I., Lang, K., Zimmermann, J., Forthner, J., Nowacki, K., Roland, I., &
Spangler, G. (2016). Foster children's attachment behavior and representation:
Influence of children's pre-placement experiences and foster caregiver's
sensitivity. Child abuse & neglect, 51, 323-335.

Bowlby, J. (1982). Attachment and loss: Vol. I11. Loss: Sadness and depression. New York:
Basic Books.

Bretherton, 1. & Munholland, K. A. (2016). Internal working construct in light of
contemporary neuroimaging research. In J. Cassidy & P. R. Shaver (Eds.),
Handbook of Attachment. Theory, research and clinical applications (3rd Ed.) (pp.
63-90). New York: The Guilford Press.

Bretherton, I., Ridgeway, D., & Cassidy, J. (1990). Assessing internal working models of
the attachment relationship: An attachment story completion task for 3-year-olds. In
M. T. Greenberg, D. Cicchetti & E. M. Cummings (Eds.), Attachment in the
preschool years.

Bublatzky, F., Gerdes, A., White, A. J., Riemer, M., & Alpers, G. W. (2014). Social and
emotional relevance in face processing: happy faces of future interaction
partners enhance the late positive potential. Frontiers in human neuroscience, 8,
493.



Byrow, Y., Broeren, S., De Lissa, P., & Peters, L. (2016). Anxiety, attachment & attention:
the influence of adult attachment style on attentional biases of anxious individuals.
Journal of Experimental Psychopathology, 7(1), 110-128.

Chun, D. S., Shaver, P. R., Gillath, O., Mathews, A., & Jorgensen, T. D. (2015). Testing a
dual-process model of avoidant defenses. Journal of Research in Personality, 55,
75-83.

Chronaki, G., Broyd, S. J., Garner, M., Benikos, N., Thompson, M. J., Sonuga-Barke, E.
J., & Hadwin, J. A. (2018). The moderating effect of self-reported state and trait
anxiety on the late positive potential to emotional faces in 6-11-year-old
children. Frontiers in psychology, 9, 125.

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences (2nd ed.).

Hillsdale, NJ: Lawrence Erlbaum Associates, Publishers.

Curtis, W. J., & Cicchetti, D. (2013). Affective facial expression processing in 15-
month-old infants who have experienced maltreatment: An event-related
potential study. Child maltreatment, 18(3), 140-154.

Dai, J., Zhai, H., Wu, H., Yang, S., Cacioppo, J. T., Cacioppo, S., & Luo, Y. J. (2014).
Maternal face processing in Mosuo preschool children. Biological psychology,
99, 69-76.

Derakshan, N., Eysenck, M. W., & Myers, L. B. (2007). Emotional information processing
in repressors: The vigilance-avoidance theory. Cognition and Emotion, 21(8),
1585-1614. https://doi.org/10.1080/02699930701499857

DeWall, C. N., Masten, C. L., Powell, C., Combs, D., Schurtz, D. R., & Eisenberger, N. I.
(2012). Do neural responses to rejection depend on attachment style? An fMRI

study. Social cognitive and affective neuroscience, 7(2), 184-192.

Dodge, K. A., & Crick, N. R. (1990). Social information-processing bases of aggressive
behavior in children. Personality and social psychology bulletin, 16(1), 8-22.

Dykas, M. J., & Cassidy, J. (2011). Attachment and the processing of social information
across the life span: Theory and evidence. Psychological Bulletin, 137(1), 19-46.
https://doi.org/10.1037/a0021367

Eichler, A., Walz, L., Grunitz, J., Grimm, J., Van Doren, J., Raabe, E., Goecke, T. W.,
Fasching, P. A., Beckmann, M. W., Kornhuber, J., Kratz, O., Heinrich, H., &
Moll, G. H. (2017). Children of Prenatally Depressed Mothers: Externalizing


https://psycnet.apa.org/doi/10.1080/02699930701499857
https://doi.org/10.1080/02699930701499857
https://psycnet.apa.org/doi/10.1037/a0021367

and Internalizing Symptoms are Accompanied by Reductions in Specific Social-
Emotional Competencies. Journal of Child and Family Studies, 26(11),3135—
3144,

Eimer, M. (2011). The face-sensitivity of the n170 component. Frontiers in human

neuroscience, 5, 119.

Feeney, B. C., Cassidy, J., & Ramos-Marcuse, F. (2008). The generalization of
attachment representations to new social situations: predicting behavior during
initial interactions with strangers. Journal of personality and social psychology,
95(6), 1481.

Fraedrich, E. M., Lakatos, K., & Spangler, G. (2010). Brain activity during emotion
perception: the role of attachment representation. Attachment & Human
Development, 12(3), 231-248.

Fraley,R. C., Niedenthal, P. M., Marks, M., Brumbaugh, C. & Cicary, A. (2006). Adult
attachment and the perception of emotional expressions: Probing the
hyperactivating strategies underlying anxious attachment. Journal of Personality,
74,7,1163- 1190.

Goldstein, B. L., Grasso, D. J., McCarthy, K. J., DiVietro, S., & Briggs-Gowan, M. J.
(2021). Neurophysiological patterns associated with blunted emotional face
processing and withdrawal tendencies in young children exposed to intimate

partner violence. Developmental psychobiology, 63(6), e22154.

Goecke, T., Knorr, J., Bleich, S., Beckmann, M., Fasching, P., Schild, R., & Reulbach,
U. (2008). Pra- und postpartale Depressivitat — Erste Erkenntnisse aus
FRAMES. Geburtshilfe und Frauenheilkunde, 68(S01), PO_Gyn_01_10.

Gratton, G., Coles, M. G., & Donchin, E. (1983). A new method for off-line removal of
ocular artifact. Electroencephalography and clinical neurophysiology, 55(4),
468-484.

Hajcak, G., Weinberg, A., MacNamara, A., & Foti, D. (2012). ERPs and the study of
emotion. In S. J. Luck & E. S. Kappenman (Eds.), The Oxford handbook of
event-related potential components(pp. 441-472). Oxford University Press.

Hein, A., Rauh, C., Engel, A., Haberle, L., Dammer, U., Voigt, F., Fasching, P. A,
Faschingbauer, F., Burger, P., Beckmann, M. W., Kornhuber, J., & Goecke, T.



W. (2014). Socioeconomic status and depression during and after pregnancy in
the Franconian Maternal Health Evaluation Studies (FRAMES). Archives of
Gynecology and Obstetrics, 289(4), 755-763.

Irak, M., Soylu, C., & Giler, B. (2020). Investigating the role of attachment orientation
during emotional face recognition: An event-related potential study. Biological
Psychology, 156, 107953.

James, K. M., Owens, M., Woody, M. L., Hall, N. T., & Gibb, B. E. (2018). Parental
expressed emotion-criticism and neural markers of sustained attention to
emotional faces in children. Journal of Clinical Child & Adolescent Psychology,
47(supl), S520-S529.

Kammermeier, M., Duran Perez, L., Konig, L., & Paulus, M. (2020). Attachment
security and attention to facial emotional expressions in preschoolers: An eye-

tracking study. British Journal of Developmental Psychology, 38(2), 167-185.

Kirsh, S. J., & Cassidy, J. (1997). Preschoolers' attention to and memory for attachment-
relevant information. Child Development, 68(6), 1143-1153.

Kobak, R. R., Cole, H. E., Ferenz-Gillies, R., Fleming, W. S., & Gamble, W. (1993).
Attachment and emotion regulation during mother-teen problem solving: A
control theory analysis. Child Development, 64, 231-245.

Kuefner, D., De Heering, A., Jacques, C., Palmero-Soler, E., & Rossion, B. (2010).
Early visually evoked electrophysiological responses over the human brain (P1,
N170) show stable patterns of face-sensitivity from 4 years to adulthood.

Frontiers in human neuroscience, 3, 67.

Kujawa, A., Klein, D. N., & Hajcak, G. (2012). Electrocortical reactivity to emotional
images and faces in middle childhood to early adolescence. Developmental

cognitive neuroscience, 2(4), 458-467.

Kungl, M. T., Bovenschen, I., & Spangler, G. (2017). Early adverse caregiving
experiences and preschoolers' current attachment affect brain responses during

facial familiarity processing: An ERP study. Frontiers in psychology, 8, 2047.

Kungl, M. T., Leyh, R., & Spangler, G. (2016). Attachment representations and brain
asymmetry during the processing of autobiographical emotional memories in

late adolescence. Frontiers in human neuroscience, 10, 644.



Leyh, R., Heinisch, C., Kungl, M. T., & Spangler, G. (2016). Attachment representation
moderates the influence of emotional context on information processing.

Frontiers in human neuroscience, 10, 278.

Long, M., Verbeke, W., Ein-Dor, T., & Vrticka, P. (2020). A functional neuro-
anatomical model of human attachment (NAMA): Insights from first-and
second-person social neuroscience. Cortex, 126, 281-321

Luck, S. J. (2014). An introduction to the event-related potential technique. MIT press.
Maier, M.A., Bernier, A., Pekrun, R., Zimmermann, P., Strasser, K., Grossmann, K.E.
(2005). Attachment state of mind and perceptual processing of emotional

stimuli. Attachment and Human Development, 7, 67-81.

MacNamara, A., & Hajcak, G. (2010). Distinct electrocortical and behavioral evidence
for increased attention to threat in generalized anxiety disorder. Depression and
anxiety, 27(3), 234-243.

MacNamara, A., Kotov, R., & Hajcak, G. (2016). Diagnostic and symptom-based
predictors of emotional processing in generalized anxiety disorder and major
depressive disorder: An event-related potential study. Cognitive therapy and
research, 40(3), 275-289.

Malik, S., Wells, A., & Wittkowski, A. (2015). Emotion regulation as a mediator in the
relationship between attachment and depressive symptomatology: A systematic
review. Journal of affective disorders, 172, 428-444.

Martins, C., & Gaffan, E. A. (2000). Effects of early maternal depression on patterns of
infant-mother attachment: A meta-analytic investigation. The Journal of Child
Psychology and Psychiatry and Allied Disciplines, 41(6), 737-746.McCleery,
A., Lee, J., Joshi, A., Wynn, J. K., Hellemann, G. S., & Green, M. F. (2015).
Meta-analysis of face processing event-related potentials in schizophrenia.
Biological psychiatry, 77(2), 116-126.

Mesquita, A. R., Belsky, J., Crego, A., Fachada, 1., Oliveira, P., Sampaio, A., & Soares,

I. (2015). Neural correlates of face familiarity in institutionally reared children
with distinctive, atypical social behavior. Child development, 86(4), 1262-1271.

Miljkovitch, R., Pierrehumbert, B., Bretherton, I., & Halfon, O. (2004). Associations
between parental and child attachment representations. Attachment and Human
Development, 6(3), 305-325.



Monti, J. D., & Rudolph, K. D. (2014). Emotional awareness as a pathway linking adult
attachment to subsequent depression. Journal of counseling psychology, 61(3),
374.

Moulson, M. C., Fox, N. A., Zeanah, C. H., & Nelson, C. A. (2009). Early adverse
experiences and the neurobiology of facial emotion processing. Developmental
psychology, 45(1), 17.

Niedenthal, P. M., Brauer, M., Robin, L., & Innes-Ker, A. H. (2002). Adult attachment
and the perception of facial expression of emotion. Journal of personality and
social psychology, 82(3), 419.

O'Toole, L. J., DeCicco, J. M., Berthod, S., & Dennis, T. A. (2013). The N170 to angry
faces predicts anxiety in typically developing children over a two-year period.

Developmental Neuropsychology, 38(5), 352-363.

Peltola, M. J., van 1Jzendoorn, M. H., & Yrttiaho, S. (2020). Attachment security and
cortical responses to fearful faces in infants. Attachment & human development,
22(2), 174-188.

Pierce, L. J., Scott, L., Boddington, S., Droucker, D., Curran, T., & Tanaka, J. (2011).
The n250 brain potential to personally familiar and newly learned faces and
objects. Frontiers in human neuroscience, 5, 111.

Proudfit, G. H., Bress, J. N., Foti, D., Kujawa, A., & Klein, D. N. (2015). Depression
and event-related potentials: Emotional disengagement and reward insensitivity.

Current opinion in psychology, 4, 110-113.

Rossion, B., and Caharel, S. (2011). ERP evidence for the speed of face categorization
in the human brain: disentangling the contribution of low-level visual cues from
face perception. Vision Res. 51, 1297-1311. doi: 10.1016/j.visres.2011.04.003

Richartz, A., Krapf, A., & Hoffmann, K. (2013). Die Qualitét der Trainer-Kind-
Beziehung aus der Perspektive der Bindungsforschung. Bindungen und
bindungstypische Prozesse bei Kindern im Leistungssport. Zeitschrift fur
Padagogik, 59(6), 826-836.

Schupp, H. T., Cuthbert, B. N., Bradley, M. M., Cacioppo, J. T., Ito, T., & Lang, P. J.
(2000). Affective picture processing: the late positive potential is modulated by

motivational relevance. Psychophysiology, 37(2), 257-261.



Schupp, H. T., Ohman, A., Junghéfer, M., Weike, A. I., Stockburger, J., & Hamm, A.
O. (2004). The facilitated processing of threatening faces: An ERP analysis.
Emotion, 4(2), 189-200.

Schweinberger, S. R., Huddy, V., & Burton, A. M. (2004). N250r: a face-selective brain
response to stimulus repetitions. Neuroreport, 15(9), 1501-1505.

Smith, E., Weinberg, A., Moran, T., & Hajcak, G. (2013). Electrocortical responses to
NIMSTIM facial expressions of emotion. International Journal of
Psychophysiology, 88(1), 17-25.

Spangler, G., Maier, U., Geserick, B., & von Wahlert, A. (2010). The influence of
attachment representation on parental perception and interpretation of infant

emotions: A multi-level approach. Developmental Psychobiology, 52, 411-423.

Swingler, M. M., Sweet, M. A., & Carver, L. J. (2007). Relations between mother-child
interactions and the neural correlates of face processing in 6-month-olds.

Infancy, 11(1), 63-86.

Taylor, M. J., Batty, M., and lItier, R. J. (2004). The faces of development: a review of
early face processing over childhood. J. Cogn. Neurosci. 16, 1426-1442. doi:
10.1162/0898929042304732

Taylor-Colls, S., & Pasco Fearon, R. M. (2015). The effects of parental behavior on
infants' neural processing of emotion expressions. Child Development, 86(3),
877-888.

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare, T. A., ... &
Nelson, C. (2009). The NimStim set of facial expressions: judgments from

untrained research participants. Psychiatry research, 168(3), 242-249.

Vandevivere, E., Braet, C., Bosmans, G., Mueller, S. C., & De Raedt, R. (2014).

Attachment and children’s biased attentional processing: Evidence for the

exclusion of attachment-related information. PloS one, 9(7), e103476.

Waller, C., Wittfoth, M., Fritzsche, K., Timm, L., Wittfoth-Schardt, D., Rottler, E., ... &
Gundel, H. (2015). Attachment representation modulates oxytocin effects on the

processing of own-child faces in fathers. Psychoneuroendocrinology, 62, 27-35.

Wild-Wall, N., Dimigen, O., & Sommer, W. (2008). Interaction of facial expressions
and familiarity: ERP evidence. Biological psychology, 77(2), 138-149.



Woerner, W., Becker, A., Friedrich, C., Klasen, H., Goodman, R., & Rothenberger, A.
(2002). Normal values and evaluation of the German parents' version of
Strengths and Difficulties Questionnaire (SDQ): Results of a representative field
study. Zeitschrift fur Kinder-und Jugendpsychiatrie und Psychotherapie, 30(2),
105-112.

Woodman, G. F. (2010). A brief introduction to the use of event-related potentials in
studies of perception and attention. Attention, Perception, & Psychophysics,
72(8), 2031-2046.

Zheng, M., Zhang, Y., & Zheng, Y. (2015). The effects of attachment avoidance and the

defensive regulation of emotional faces: Brain potentials examining the role of
preemptive and postemptive strategies. Attachment & Human Development,
17(1), 96-110.

Zimmer-Gembeck, M. J., & Skinner, E. A. (2011). The development of coping across
childhood and adolescence: An integrative review and critique of research.

International Journal of Behavioral Development, 35(1), 1-17.

Zimmermann, P., & Meier, S. (2011, April). Comparing children with reactive
attachment disorder and ADHD: Differences in personality and information
processing. Paper presented at the biennial meeting of the Society for Research

on Child Development, Montreal, Canada.

Zimmermann, P., & Iwanski, A. (2015). Attachment in middle childhood: Associations
with information processing. New Directions for Child and Adolescent
Development, 2015(148), 47-61.

Ziv, Y., Oppenheim, D., & Sagi-Schwartz, A. (2004). Social information processing in
middle childhood: Relations to infant-mother attachment. Attachment & Human
Development, 6(3), 327-348.



Figures

Figure 1:

Figure 2:

Amplitude

[* N250

PO9,PO10
MOTHER ANGRY

STRANGER ANGRY
STRANGER HAPPY

AMPLITUDE

N250: Familiarity N250: Emotion
B
[}] -
a8
2
52 /
% 1
g3
N i
5
MOTHER STRANGER HAPPY ANGRY
N250: Emotion x Deactivation
-2
-1
w 0
[=]
21
L~
=25 +-@+HAPPY
= —&—ANGRY
3
4
5
DEACTIVATION AT DEACTIVATION AT
1SD BELOW MEAN 1 SD ABOVE MEAN




Figure 3:

LPP: FAMILIARITY x EMOTION
4
W
P3,Pz,P4
" 35
MOTHER ANGRY LPP a
=2
STRANGER ANGRY 5 @ ++@<HAPPY
J STRANGER HAPPY 5 —a—ANGRY
<
25
@
°
.g o 2
S MOTHER STRANGER
€
< ; LPP Deactivation: 1 SD Below Mean LPP Deactivation: 1 SD Above Mean
6 4
55 35
5
7R o 7w e @ w0 wo 70 s0 o E 4 ++@+HAPPY E 2,5 ++®--HAPPY
. &35 —&—ANGRY z —8—ANGRY
Time g7, Z2 2
25 15
2 1

MOTHER STRANGER MOTHER STRANGER




List of Figure captions

Figure 1: Electrode layout and electrode sites chosen for the P100 (01,0z,02), N250
(PO9,P0O10), and LPP (P3,Pz,P4).

Figure 2: N250 Results. Left panel: Stimulus-locked waveforms showing the N250
elicited by mothers’ and strangers’ angry and happy facial expressions averaged over
parietal-occipital electrode sites PO9 and PO10. Right panel: Line plots of the main effect
of familiarity (top left), main effect of emotion (top right) as well as emotion x deactivation
interaction for deactivation at -1 and +1 standard deviation (SD) from the mean. Error bars
are +/-1 SEM. Please note that for the line plots, N250 ERP amplitude is depicted inversely

(i.e., more negative deflection on top).

Figure 3: LPP Results. Left panel: Stimulus-locked waveforms showing the LPP elicited
by mothers’ and strangers’ angry and happy facial expressions averaged over parietal
electrode sites P3, Pz, and P4. Right panel: Line plots of the interaction between familiarity
and emotion (top), and the interaction between familiarity and emotion with deactivation
plotted at deactivation values -1 standard deviation (SD; bottom left) and +1 SD (bottom

right) from the mean. Error bars are +/- 1 SEM.



