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ARTICLE INFO ABSTRACT

Keywords: Event-related potentials (ERPs) are an excellent tool for investigating parental neural responses to child stimuli.
ERP Using meta-analysis, we quantified the results of available studies reporting N170 or LPP/P3 ERP responses to
EEG . children’s faces, targeting three questions: 1) Do parents and non-parents differ in ERP responses to child faces?
Ezzzn;;gcessing 2) Are parental ERP responses larger to own vs. unfamiliar child faces? 3) Are parental ERP responses to child
Children faces associated with indicators of parenting quality, such as observed parental sensitivity? Across 23 studies (N

Meta-analysis

= 1035), key findings showed 1) larger N170 amplitudes to child faces in parents than in non-parents (r = 0.19),

2) larger LPP/P3 responses to own vs. unfamiliar child faces in parents (r = 0.19), and 3) positive associations
between parental LPP/P3 responses to child faces and parenting quality outcomes (r = 0.15). These results
encourage further research particularly with the LPP/P3 to assess attentional-motivational processes of
parenting, but also highlight the need for larger samples and more systematic assessments of associations be-

tween ERPs and parenting.

1. Introduction

The transition to parenthood is associated with neural and hormonal
changes that may support sensitive caregiving and responsivity to infant
signals. The brain undergoes multiple structural and functional changes
during pregnancy and the postpartum period (Hoekzema et al., 2017;
Kim et al., 2010) in brain regions relevant for parental behavior (e.g.,
Witteman et al., 2019). Parental sensitivity and attention to the child’s
signals are important for the child’s social-emotional development and
for the parent’s ability to respond to the child’s needs accurately and
promptly (see Deans, 2020, for a review). Children’s facial cues are
especially important elicitors of parental responses (Kringelbach et al.,
2016; Parsons et al., 2013). Infants’ and young children’s faces have
distinct features that elicit attention and caregiving behavior in adults
(DeBruine et al., 2016; Glocker et al.,, 2009; Luo et al.,, 2015;
Thompson-Booth et al., 2014). These include large head and eyes,
chubby cheeks and a small nose.

Event-related potentials (ERPs) can be used to investigate the rapid

processing of children’s face stimuli at different information processing
stages. An increasing number of studies have investigated ERPs to child
face stimuli (see Maupin et al., 2015, for a review). Studies have re-
ported whether parents compared to adults without children show
different neural responses to child faces (Noll et al., 2012; Peltola et al.,
2014), whether parental ERP responses are heightened in response to
images of one’s own child (Grasso et al., 2009; Kuzava and Bernard,
2018), and whether variation in parental ERP responses to child faces is
associated with indicators of parenting quality, such as observed
parental sensitivity (Bernard et al., 2015) or parental attachment rep-
resentations (Leyh et al., 2016). These lines of research have the po-
tential to inform about whether becoming a parent and experience in
parenting the infant shapes rapid neural responses to children’s faces
and, crucially, whether neural responses to children’s faces are mean-
ingfully associated with parenting quality. Here, we used meta-analysis
to provide the first quantitative synthesis of this emerging field.

* Correspondence to: Human Information Processing Laboratory, Faculty of Social Sciences, Tampere University, 33014, Finland.

E-mail address: mikko.peltola@tuni.fi (M.J. Peltola).

https://doi.org/10.1016/j.neubiorev.2022.104604

Received 6 October 2021; Received in revised form 22 January 2022; Accepted 6 March 2022

Available online 10 March 2022

0149-7634/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:mikko.peltola@tuni.fi
www.sciencedirect.com/science/journal/01497634
https://www.elsevier.com/locate/neubiorev
https://doi.org/10.1016/j.neubiorev.2022.104604
https://doi.org/10.1016/j.neubiorev.2022.104604
https://doi.org/10.1016/j.neubiorev.2022.104604
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neubiorev.2022.104604&domain=pdf
http://creativecommons.org/licenses/by/4.0/

E. Vuoriainen et al.
1.1. Early and late stages of facial information processing

ERP studies are important for investigating the rapid information
processing stages associated with face perception. Because of their
excellent temporal resolution, ERPs can reveal whether parenting affects
the early perceptual decoding and later processing stages involved in
heightened attention allocation and sustained orienting to motivation-
ally significant information. ERP responses are waveforms of the elec-
troencephalograph (EEG) signal that are averaged across multiple
repetitions of a stimulus (e.g., an infant face). Facial stimuli elicit a
negative deflection called the N170, peaking around 170 ms after
stimulus onset at temporal occipital electrode sites and this component
is found to be larger for faces than other objects (Bentin et al., 1996;
Eimer, 2000). The N170 reflects structural encoding of facial features
(Bentin et al., 1996; Carmel and Bentin, 2002; Eimer, 2011), but can also
be modulated by emotional expressions (Batty and Taylor, 2003;
Hinojosa et al., 2015; Leppanen et al., 2007). The neural generators of
the N170 have been traced to visual processing areas sensitive to faces,
such as the fusiform gyrus (Eimer and Holmes, 2002; Gao et al., 2019).
Huffmeijer et al. (2014) found the N170 to have excellent test-retest
reliability across a period of 4 weeks even with a fairly small number
of repetitions of the face stimuli.

Although the N170 response can be potentiated by attentional focus,
its main function is related to structural encoding, i.e., the visual pro-
cessing of facial features (Eimer, 2000; Holmes, Vuilleumier et al.,
2003). The later processing stages are suggested to reflect more elabo-
rative processing reflecting sustained attention to motivationally sig-
nificant stimuli (Foti and Hajcak, 2008; Olofsson et al., 2008). These
later ERP components include the late positive potential (LPP) and P3
(or P300), which are positive deflections of the EEG signal beginning
around 300 ms after stimulus onset mainly at parietal regions (Hajcak
et al., 2009; Hajcak and Foti, 2020; Polich, 2007; Schupp et al., 2000).
Both P3 and LPP are affected by emotional valence, being larger for
emotional compared to neutral stimuli (Cuthbert et al., 2000; Olofsson
et al., 2008; Schupp et al., 2003) and this effect is enhanced when the
emotional stimuli are task-relevant (Ferrari et al., 2008; Schupp et al.,
2007) or when attending to arousing aspects of the stimulus (Hajcak
et al., 2009). Also altering the appraisal of the stimuli can affect the
response amplitude (Hajcak and Nieuwenhuis, 2006; Foti and Hajcak,
2008; Moser et al., 2006). Based on these findings, the LPP/P3 complex
has been suggested to reflect both automatic increases in attention for
motivationally salient stimuli and top-down cognitive processes (Hajcak
et al., 2009). Here we apply the commonly used definitions of the
functions of the N170 and LPP/P3 and refer to them as reflecting
perceptual processing (N170) and attentional processing (LPP/P3). The
LPP and P3 show good test-retest reliability, but may require a larger
number of trials for reliable assessment than the N170 (Huffmeijer et al.,
2014), although Moran et al. (2013) observed good consistency and
split-half reliability for the LPP even with a relatively small number of
trials.

There are multiple types of ERP components suitable for different
experimental paradigms, but the most commonly reported ERP com-
ponents in studies measuring brain responses to infant or child faces are
the N170, LPP, and P3 components. Although there are differences in
the specific properties of the P3 and LPP components (with the P3
associated with a more distinctive peak and the LPP a more sustained
waveform), the nomenclature used in different studies does not uni-
formly conform to strictly separate definitions (cf. Cuthbert et al., 2000;
Olofsson et al., 2008). LPP responses are commonly reported in studies
with passive viewing tasks and equal presentation frequency of different
stimuli, whereas P3 responses are often reported in oddball paradigms in
which target stimuli are presented with lower frequency. Despite the P3
and LPP being elicited commonly under different task conditions, they
cannot be simply distinguished based on the applied task paradigm,
since both components are similarly potentiated by factors such as target
status and emotional content of the stimuli (Hajcak and Foti, 2020).
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Indeed, studies with similar task paradigms may report ERPs with
different nomenclature (e.g., Bernard et al., 2018; Bick et al., 2013).
Importantly, it has been argued (Bradley, 2009; Hajcak and Foti, 2020)
that both components could reflect the output of neural processes
evaluating the motivational significance of stimuli (i.e., the degree to
which stimuli activate approach or avoidance motivation), and the
shape of the ERP waveform primarily reflects task parameters such as
duration and frequency of stimulus presentation. Although there is need
for further investigation to determine the relationship between P3 and
LPP (Hajcak and Foti, 2020) for the purposes of this meta-analysis we
will primarily use the term LPP when referring to studies reporting
either LPP or P3 responses.

1.2. Parental sensitization to infant signals

Our attention is easily drawn towards infant faces. Using a reaction
time task, Thompson-Booth et al. (2014) observed that although infant
faces captured attention more strongly than adult faces in both mothers
and women without children, the attentional bias to infant faces was
more pronounced in mothers. There are, however, only a few ERP
studies investigating the effect of parenthood on child face processing at
earlier structural encoding stages (N170) and at later, more elaborative
processing stages (LPP). Larger N170 and LPP responses to child faces in
parents as compared to adults without children could indicate increased
perceptual processing and sustained attention to cues relevant to
parenting, potentially due to neural and hormonal changes associated
with the transition to parenthood or greater experience with children’s
faces. There is some indication that parental status modulates N170 and
LPP responses to children’s faces, but the initial findings have been
inconsistent (Noll et al., 2012; Peltola et al., 2014; Proverbio et al., 2006;
Weisman et al., 2012). Regarding N170, one study found a larger N170
response to children’s faces in parents compared to single non-parents
(Weisman et al., 2012), while some studies found no such difference
in N170 between mothers and nulliparous women (Noll et al., 2012;
Peltola et al., 2014) or found ERP modulation by parental status only in
interaction with gender (Proverbio et al., 2006). Proverbio et al. (2006)
found larger N170 in mothers compared to fathers, while responses did
not differ between male and female non-parents. Regarding the later
processing stage, the number of available studies is small. While one
study (Proverbio et al., 2006) observed larger LPP responses to child
faces in parents compared to non-parents, others have found either no
modulation by parental status (Peltola et al., 2014) or even smaller LPP
amplitudes to unfamiliar infant faces in parents as compared to adults
without children (Weisman et al., 2012).

1.3. Effects of face familiarity on parents’ ERP responses

In parents, the perceptual and attentional brain responses may also
be greater to the face of one’s own child due to its greater familiarity and
motivational significance. Functional magnetic resonance imaging
(fMRI) studies have found that viewing one’s own child’s face recruits
the brain’s reward circuitry and emotion processing areas (Bartels and
Zeki, 2004; Leibenluft et al., 2004; see Rilling, 2013, for a review).
Several ERP studies have investigated parents’ perceptual processing of
and attention to their own child’s face. Studies have in general reported
no N170 modulation in parents when viewing their own child’s face as
opposed to another child’s face (Bornstein et al., 2013; Grasso et al.,
2009; Waller et al., 2015; Weisman et al., 2012). Absence of N170
modulation to the own child face is in line with previous studies that
have found the N170 to be independent of the identity of faces (Bentin
etal., 1996) or face familiarity (Bentin and Deouell, 2000; Eimer, 2000),
suggesting that the N170 reflects categorical detection of the face
configuration, instead of face identification (Bentin and Deouell, 2000;
Eimer, 2000). Regarding the later processing stages, several studies have
reported larger LPP responses to own child faces (Bernard et al., 2018;
Grasso et al., 2009; Kuzava and Bernard, 2018; Weisman et al., 2012).
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Enhanced responses at these later components could reflect increased
attention allocation to these motivationally significant stimuli.
Regarding the role of face familiarity, while many studies only
compared own child faces to unfamiliar child faces (Bornstein et al.,
2013; Doi and Shinohara, 2012a, 2012b; Weisman et al., 2012) some
studies have included a familiarization process to previously unknown
child pictures to obtain a control condition of familiar children’s faces,
making it possible to dissociate own child and familiarity effects. The
findings indicate that the enhanced LPP response to own child is not
explained by a familiarity effect, since LPP responses were found to be
larger to own child compared to familiar child faces (Bernard et al.,
2018; Bick et al., 2013; Grasso et al., 2009; Kuzava and Bernard, 2018).

1.4. ERPs associated with parenting quality

Given the importance of parental sensitivity to child signals on
parent-child interaction, there is remarkably little research on the po-
tential associations between ERPs and parenting behavior. Individual
differences in ERPs to child stimuli could potentially indicate variation
of parenting quality. In the present meta-analysis, we analyzed the
available studies that have investigated associations between ERP re-
sponses to children’s faces and indicators of parenting quality, such as
observed parental sensitivity or parental attachment representations.
Parental sensitivity and parental representation of attachment have
been recognized as important contributors to children’s socio-emotional
development (Ainsworth et al., 1978; Bakermans-Kranenburg et al.,
2003; Deans, 2020; Verhage et al., 2018).

There is some indication that parenting behaviors may be associated
with processing of children’s facial cues as measured with ERPs. How-
ever, studies have shown mixed findings regarding the direction and
timing of the associations, and various indicators of parental behavior
have been used. Some studies have found that larger N170 (Bernard
et al., 2015) or LPP (Kuzava et al., 2019) responses to emotional infant
faces were associated with greater observed maternal sensitivity. How-
ever, larger LPP responses to infant faces have also been associated with
greater maternal intrusiveness (Endendijk et al., 2018). There is also
some indication that maternal risk factors may be associated with ERPs
to infant facial expressions. For example, mothers who had been referred
to Child Protective Services (CPS) because of child neglect were found to
lack similar N170 and LPP modulation to children’s emotional expres-
sions that was found in control mothers (Bernard et al., 2015; Rodrigo
et al., 2011). Studies have also investigated ERP associations with par-
ents’ attachment representations, which are robustly associated with
child attachment quality, partly mediated by their influence on parental
sensitivity (Verhage et al., 2016). Therefore, parental attachment rep-
resentations may provide important indicators of parental responses to
child’s signals. One small study reported larger N170 and LPP responses
to infant faces in mothers with a secure compared to insecure attach-
ment representation (Fraedrich et al., 2010). Another study found larger
N170 amplitudes to negative infant expressions in insecurely attached
mothers, but larger LPP responses to positive and negative expressions
in securely attached mothers (Leyh et al., 2016). Groh and Haydon
(2018) observed larger LPP responses in insecurely attached compared
to securely attached mothers when mothers attended to distressed ex-
pressions of their own child, but not when attending to happy expres-
sions. Associations between ERPs and self-reported parenting quality
have also been investigated. Larger N170 responses to happy and neutral
infant faces were associated with greater parental certainty in under-
standing of their infant’s mental state (Rutherford et al., 2017). In
another study, larger LPP responses to own infant faces were associated
with more positive evaluations of the mother-child relationship (Grasso
et al., 2009). Other studies measuring ERPs to unfamiliar infant faces
found no associations between LPP responses and mother-child rela-
tionship measures (Dudek et al., 2020; Rutherford et al., 2017).
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Database search
MEDLINE N = 1462

Database search
PsycINFO N = 832

A4

N =628 duplicates removed

A 4

N = 1666 Articles screened on basis of
title and abstract for inclusion criteria

—————» N=1609 excluded

A4

N =57 articles in full-text screening

N =35 excluded (inclusion
»| criteria not met)

N =1 article included
through citations

v

A4

N =23 articles included in the meta-analysis

Fig. 1. Flowchart of the study selection process.

1.5. Aims of the meta-analysis

One previous meta-analysis has been conducted on adults’ ERP re-
sponses to children’s facial expressions by Kuzava et al. (2020). While
that study examined also the effect of parental status on ERP responses,
it did not specifically focus on parental ERP responses. The results
showed that parental status moderated the difference in N170 responses
to crying versus neutral faces. Larger N170 responses in parents to
crying than neutral facial expressions were found while no such differ-
ence was found in non-parents. In the current meta-analysis, we aim to
synthesize the available literature focusing specifically on parental ERP
responses to children’s faces to elucidate whether child faces in general
and own child face in particular elicit larger perceptual and attentional
brain responses in parents than in non-parents. Crucially, the current
meta-analysis will also contribute to our understanding of whether and
how parenting quality is associated with parental ERP responses to own
and unfamiliar children’s faces. We will examine N170 and LPP re-
sponses to child faces as these components are most commonly reported.
First, we will examine whether ERPs to pictures of child faces differ
between parents and non-parents, potentially reflecting greater sensiti-
zation to child faces in parents. The second analysis will focus on
whether parental ERP responses are heightened in response to images of
one’s own child, possibly due to their greater motivational significance.
Finally, as a critical step toward elucidating the behavioral implications
of the ERP responses to child faces, we analyze whether ERPs to child
faces correlate with indicators of parenting quality.

2. Method
2.1. Literature search

Fig. 1 presents a flowchart of the study selection process. As the first
step, PsycINFO and MEDLINE databases were searched by two authors
for English language journal articles published before May 2021, which

or “caregiver* ” or “mother* ” or “father*

ORe) 3

included the words “parent*

2
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Table 1
Summary of study characteristics.
Study Type of N Participant Child Stimulus Task type Stimulus ERP components Reference Parenting quality
meta- mean age mean age emotions presentation and time electrodes indicator
analysis (years) (months) time and order windows

Bernard PQ 70 31.6 59.24 Distress, Emotion 2000 ms; N170: N170: Observed
et al. happy, categorization random (140-180 ms), average sensitivity
(2015) neutral LPP LPP:

(300-650 ms) mastoids

Bernard ou, PQ 73  32.26 59.94 Neutral Passive viewing 2000 ms; LPP Mastoids Observed
et al. random (300-650 ms) sensitivity
(2018)

Bick et al. oy, PQ 33 421 8.5 Neutral Passive viewing 2000 ms; P3 (300-650 ms) Mastoids Observed delight
(2013) random during interaction

Bornstein ou 22 32.06 4.5 Neutral Passive viewing 500 ms; N170* Average
et al. random (100-230 ms);

(2013) LpP?
(580-650 ms)

Doi and ou 16 317 12.3 Distress, Detect target 1000 ms; N170 Average
Shinohara happy, faces oddball (140-220 ms),

(2012a) neutral P300
(250-800 ms)

Doi and ou 16 33.7 67 Neutral Detect target 1000 ms; N170 Average
Shinohara faces oddball (120-180 ms),

(2012b) P300
(300-800 ms)

Dudek et al. PQ 39 305 3.69 Distress, Passive viewing 1000 ms; N170 Average Self-report

(2020) happy random (140-200 ms), (parental bonding)
LPP
(500-800 ms)

Endendijk PQ 33 3418 37.8 Neutral Cuteness rating 2000 ms; N170 Average Observed
et al. random (150-230 ms), sensitivity
(2018) LPP

(300-700 ms)

Fraedrich PQ 16 40.5 Not Distress, Detect target 500 ms; N170 Mastoids Attachment (Adult
et al. reported happy, faces oddball (120-180 ms), Attachment
(2010) neutral P300 Projective Picture

(300-600 ms) System)

Grasso et al. ou, PQ 28 36.61 32.4 Neutral Passive viewing 1000 ms, N170 Mastoids Interview (This is

(2009) random (150-185 ms), my Baby
P3 (350-525 ms) Interview)

Groh and PQ 70 30 6 Distress, Detect target 600 ms, P3b Mastoids Attachment
Haydon happy, faces oddball (300-500 ms) (Attachment Script
(2018) neutral Assessment)

Kuzava and ou 85  29.43 9 Neutral Passive viewing 2000 ms, LPP TP9/TP10
Bernard random (300-1000 ms)

(2018)

Kuzava et al. PQ 86 29.48 9 Distress, Emotion 2000 ms, N170 N170: Observed
(2019) happy, categorization random (140-180 ms), average sensitivity

neutral LPP LPP: TP9/
(300-600 ms) TP10

Leyh et al. PQ 25 29.8 11.1 Distress, Detect target 500 ms; N170 Average Attachment (Adult
(2016) happy, faces oddball (120-180 ms), Attachment

neutral P3 (300-600 ms) Interview)

Lowell et al. oy, PQ 59  29.33 8.17 Distress, Passive viewing 500 ms: N170 Average Attachment (Adult
(2021) happy random (135-202 ms), Attachment

P300 Interview)
(250-600 ms)

Marquez PQ 20 35.5 61.2 Distress, Detect target 1000 ms, N170 Average Observed
et al. happy, faces random, (90-180 ms) sensitivity
(2019) neutral

Noll et al. PN 30 31.53 21.64 Distress, Passive viewing 1500 ms, N170 Average
(2012) happy, random (99-235ms)

neutral

Peltola et al. PN 90 27.1 7 Distress, Count adult or 1000 ms, N170 Average
(2014) happy, infant faces random (120-210 ms),

neutral LPP
(300-450 ms)

Proverbio PN 38 33.77 32 Distress, Emotion 900 ms, N170 Linked ears
et al. happy, categorization random (140-175 ms),
(2006) neutral P300

(375-600 ms)

Rodrigo PQ 28 35.1 39 Distress, Emotion 2000 ms, N170 N170: Neglect (Child
et al. happy, categorization random (170-250 ms), average Protective Services
(2011) neutral LPP LPP: record)

(530-700 ms) mastoids

(continued on next page)
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Table 1 (continued)
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Study Type of N Participant Child Stimulus Task type Stimulus ERP components Reference Parenting quality
meta- mean age mean age emotions presentation and time electrodes indicator
analysis (years) (months) time and order windows
Rutherford PQ 62 29 6 Distress, Passive viewing 500 ms; N170 Average Self-report
et al. happy, (with occasional random (129-199 ms), (Parental
(2017) neutral catch trials) P300 ( Reflective
200-600 ms) Functioning
Questionnaire)
Waller et al. oy, PQ 24 398 59 Happy Passive viewing 2000 ms, N170 FCz Attachment (Adult
(2015) random (142-200 ms) Attachment
Projective Picture
System)
Weisman Oou, PN 65 25.5 6 Neutral Detect target 300 ms; N170 Not
et al. faces oddball (140-160 ms), reported
(2012) P300
(300-500 ms)
NOTE:

PN = parent vs. non-parent; OU = own vs. unfamiliar; PQ = parenting quality; N = sample size in the analyses
In the original paper, N170 and LPP were named as N/P1 and N/P600, respectively

” and “event-related potential* ” or “ERP” or “EEG” in the title or ab-
stract (the asterisk indicating that the search contained the word or word
fragment). Using these different search terms characterizing parents
ensured that the search would be able to include potential articles with
diverse caregiving arrangements (e.g., same-sex or adoptive parents).
After removal of duplications, the search returned 1666 articles, of
which the titles, and in some cases also abstracts, were screened. Of
these, 57 articles were selected for more detailed full-text screening.
This screening resulted in an inclusion of 22 articles, which fulfilled the
criteria of reporting either N170 or LPP ERP amplitudes or both, having
parents as participants, and child faces as visual stimuli. As the second
search step, a Google Scholar search for studies citing the included ar-
ticles was performed, resulting in an inclusion of one more article,
adding to a total of 23 independent samples (N = 1035). The included
articles provided effect size data for analyses comparing parents’ vs.
non-parents’ ERP responses to child faces (N170 k = 4, LPP k = 3),
parents’ ERP responses to own vs. unfamiliar child faces (N170 k = 7,
LPP k = 9), and for analyses of associations between parents’ ERP re-
sponses to child faces and indicators of parenting quality (N170 k = 11,
LPP k = 13). Data for the analyses of ERP and parenting quality asso-
ciations included articles reporting observed parental sensitivity (e.g.,
Bernard et al., 2015), parental secure vs. insecure attachment repre-
sentation (e.g., Leyh et al., 2016), and self-reported characteristics that
are associated with parenting such as reflective functioning (e.g.,
Rutherford et al., 2017). Following these criteria, effect sizes repre-
senting associations between ERPs and intranasal oxytocin administra-
tion to parents (Peltola et al., 2018; Waller et al., 2015) or maternal
anxiety (Malak et al., 2014) were not included in this analysis as their
influence on parenting quality was not considered to be sufficiently
clear. The studies varied in whether neutral or emotional (smiling
and/or crying) child faces were presented as stimuli. When effect size
information was available for both types of stimuli, effect sizes reflecting
ERPs to emotional faces were used in the analyses given initial findings
by Kuzava et al. (2020) that parents may show larger ERP responses
(particularly the N170) to emotional relative to neutral child faces than
non-parents. In cases where effect size information for both types of
stimuli was available, we also calculated effect sizes for neutral faces,
and the findings remained identical. Therefore, the analyses using effect
sizes for neutral faces from those studies are not reported here.
Descriptive information on all studies included in the meta-analyses is
provided in Table 1.

2.2. Moderators

In the categorical moderation analyses, moderator subgroups with
k < 4 studies were excluded from the subgroup comparisons. As a

consequence, categorical moderation analyses are only reported for the
parenting quality association studies. As categorical moderators, we
analyzed 1) whether stimulus emotion influenced the magnitude of ef-
fect sizes by comparing effect sizes based on studies with only neutral
facial expressions with effect sizes based on ERPs to emotional child
faces, 2) whether the effect sizes were based on responses to own vs.
unfamiliar child faces (i.e., face familiarity), 3) whether the type of task
influenced effect sizes (the most common task types being passive
viewing, target detection/oddball, and emotion categorization), 4) the
influence of reference electrode scheme, and 5) whether the measure of
parenting quality indicator moderated the magnitude of effect sizes. For
the latter analysis, we contrasted studies using observational assess-
ments with studies assessing parental attachment representations, as
there were sufficient number of studies available for this comparison.
Therefore, studies with self-report (Dudek et al., 2020; Rutherford et al.,
2017) or interview (Grasso et al., 2009) as the parenting quality measure
were excluded from these moderation analyses. The study using CPS
records as an indicator of parental neglect (Rodrigo et al., 2011) was
coded among the observational measures. As continuous moderators, we
selected participant age and own child age to estimate their influence on
ERP responses. To assess intercoder reliability, 10 studies were coded by
an independent coder. The average agreement (Cohen’s ) between the
coders across the categorical moderator variables was x = 0.86 and
correlations between the continuous moderators were r = 1.00.

2.3. Meta-analytic procedures

For each study, the pertinent results were transformed into correla-
tion coefficients (r) which were used as effect size estimates. Combined
effect sizes across studies (weighted by the standard errors within in-
dividual studies) and their 95% confidence intervals (CIs) were calcu-
lated using the Comprehensive Meta-Analysis (CMA) program
(Borenstein et al., 2013). Significance tests of the combined effect size
analyses were performed with the Q-statistic on the basis of
random-effects models. The Q-statistic was also used to assess the het-
erogeneity of the effect sizes across studies. Categorical moderator an-
alyses were performed by comparing differences in effect sizes between
subgroups, using Q-tests with mixed-effect models. Meta-regression was
used to test the influence of continuous moderators. To screen for po-
tential outliers, Fisher’s Z scores were computed as equivalents for the
effect size r, and the Z scores were then standardized and screened. No
outliers (standardized Z scores =+ 3.29; Tabachnick and Fidell, 2001)
were observed in the total set of studies. For each meta-analysis with a
statistically significant combined effect size, we also estimated the
sample size required to detect the pertinent combined effect size (i.e.,
the putative true effect size) with sufficient power (i.e., .80 with a
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Table 2
Combined effect sizes and categorical moderators.
k N r 95% CI Q-w Q-B"
Parent vs. non-parent N170
Total 4 223 0.19" 0.06 - 0.31 2.94
Parent vs. non-parent LPP
Total 3 193 -0.03 -0.52-0.48 30.59°
Own vs. unfamiliar N170
Total 7 230 0.02 -0.03 - 0.07 4.91
Own vs. unfamiliar LPP
Total 9 397 0.19¢ 0.09 - 0.29 56.72°
Parenting quality N170
Total 11 460 0.06 -0.04 - 0.17 15.11
Parenting measure 2.844
Observed 5 237 0.18 0.05 - 0.30 3.76
Attachment 4 122 0.01 -0.13-0.15 3.53
Parenting quality LPP
Total 13 622 0.15¢ 0.03 - 0.26 23.58¢
Stimulus emotion 0.61
Emotional 9 455 0.18" 0.05 - 0.30 14.42
Neutral 4 167 0.06 -0.21 - 0.32 8.341
Face familiarity 0.35
Own 5 263 0.10 -0.09 - 0.28 8.81
Unfamiliar 8 359 0.17¢ 0.02-0.32 13.86
Parenting measure 0.006
Observed 6 323 0.14 -0.04 - 0.31 12.20¢
Attachment 4 170 0.15 -0.12-0.41 9.12¢
Reference scheme 0.06
Average 5 218 0.12 -0.09 - 0.32 9.51
Mastoids 7 318 0.16 -0.02 - 0.32 13.79*

k = number of study outcomes, N = total sample size, r = effect size, 95% CI = 95% confidence interval around the point estimate of the effect size, Q-W = a statistic
testing for the homogeneity within a set of studies, Q-B = a moderation statistic testing for the significance of the contrast between different sets of studies.

# Subgroups with k < 4 were excluded from the moderator contrast
b
p<.01
¢ p<.001
dp<.05

one-sided significance level of .05) by using G*Power (Faul et al., 2007).
In addition, the power values of the individual studies were calculated to
estimate the median power of the included studies to detect the com-
bined effect size. Instead of estimating sample sizes and power identi-
cally in each meta-analysis, the designs for the sample size and power
estimation were matched with the characteristics of each meta-analysis.
Thus, for the parent vs. non-parent meta-analysis, power analysis was
based on an independent sample t-test. For the own vs. unfamiliar
comparison, a paired sample t-test design was used. For the dataset of
parenting quality associations, power and sample sizes were estimated
based on bivariate correlations between ERP responses and the outcome.

In addition to the main analyses, we performed exploratory analyses
to estimate whether the current dataset indicated any evidence of pub-
lication bias and whether the studies in general show evidential value. A
funnel plot was constructed by plotting each effect size as a function of
its standard error, which indicates selective reporting of positive find-
ings if negative results with larger standard errors (i.e., smaller studies)
are underrepresented as compared to positive findings with similar
standard errors. Statistical asymmetry of the distribution of effect sizes
was analyzed with Egger’s t-test. Second, a p-curve analysis (Simonsohn
et al., 2014) was used to assess whether the statistically significant re-
sults across all studies show evidential value, i.e., whether the distri-
bution of p values among statistically significant results is right-skewed
in an expected way, with small p values (e.g., p < .01) more prominent
than larger p-values (e.g., p = .04). The funnel plot and p-curve analyses
were conducted for all effect sizes simultaneously (i.e., instead of
separately for the different types of meta-analyses) to have greater
power in the analyses. Statistical information for all meta-analyses is
provided in Table 2.

3. Results
3.1. Preliminary analyses

In a funnel plot of all effect sizes (Fig. 2) the effect sizes distributed
relatively evenly around the combined weighted effect size, indicating
an absence of a clear publication bias in the current dataset. Statistical
asymmetry was, likewise, not indicated by the Egger’st = 1.47,p = .15.
In addition, the p-curve analysis produced a clearly right-skewed p-curve
(Fig. 3), Zgyn = —7.48, p < .0001, Zp,r = —8.08, p < .0001, indicating
that the published results have evidential value.

3.2. Do parents and non-parents differ in ERP responses to child faces?

3.2.1. N170. For the N170, the analysis of the available studies (k = 4,
N =223) showed a significant combined effect size, r=0.19, CI
[.06,.31], p = .005, which indicated that across these studies, N170
amplitudes to child faces were larger (i.e., more negative) in parents
than in non-parents (Table 3). Power analyses indicated that a sample
size of 182 (i.e., 91 per group) would be required for a study to detect the
combined effect size with a power of .80 in an independent samples t-
test. Consequently, the studies included in this analysis were under-
powered in relation to the combined effect size, with the median power
of the studies being .36.

3.2.2. LPP. Across the available studies (k =3, N =193), no differ-
ences in LPP amplitudes to child faces were observed between parents
and non-parents, r = —0.03, CI [— 0.52,.48], p = .91.
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Fig. 3. p-curve obtained from https://www.p-curve.com/ (version 4.06).
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Fig. 2. Funnel plot of effect sizes and standard errors of all studies included in the current analyses.
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Table 3

3.3. Are Parents’ ERP Responses Larger to Own Child Faces than to
Unfamiliar Child Faces?

3.3.1. N170. Within studies of parents (k =7, N = 230), the N170
amplitudes did not differentiate between pictures of own child vs. un-
familiar child faces, r = 0.02, CI [—- 0.03,.07], p = .48 (Table 4). No
significant heterogeneity was observed, Q = 4.91, p = .56.

3.3.2. LPP. As can be observed from Table 4, LPP amplitudes were
consistently larger to own vs. unfamiliar child faces across k=9
(N = 397) studies, r = 0.19, CI [.09,.29], p < .001. Heterogeneity across
effect sizes was large, Q = 56.72, p < .001. In the meta-regression an-
alyses, neither participant age, Q = 0.09, p =.76, nor child age, Q
= 1.44, p = .23, moderated the effect sizes. A power analysis with a
paired samples design estimated a sample size of 41 for detecting the
combined effect size with .80 power. The power of the individual studies
included in this dataset ranged from .45 to .98, with a median power of
.63.

Effect sizes and forest plots for studies comparing N170 (above) and LPP (below) responses to child faces in parents vs.

non-parents.

Parent vs. non-parent N170

Study r )4 N Correlation and 95% CI

Noll et al. (2012) .14 45 30 Py

Peltola et al. (2014) 11 31 90 )

Proverbio et al. (2006) 11 .50 38 O

Weisman et al. (2012) .35 .00 65 —

Total 19 .00 223 —
-.50 .00 .50

Parent vs. non-parent LPP

Study r )4 N Correlation and 95% CI

Peltola et al. (2014) 17 .10 90

Proverbio et al. (2006) 31 .04 38

Weisman et al. (2012) -.52 .00 65

Total -.03 91 193

Noll et al. (2012); Peltola et al

-1.00 .00 1.00

. (2014); Proverbio et al. (2006); Weisman et al. (2012).
7
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Effect sizes and forest plots for studies comparing N170 (above) and LPP (below) responses to own vs. unfamiliar

child faces in parents.

Own vs. unfamiliar N170

Study r )4 N Correlation and 95% CI
Bornstein et al. (2013) .03 .70 22 s O]
Doi & Shinohara (2012a) -.04 .64 16 —_——
Doi & Shinohara (2012b) 12 .19 16
Grasso et al. (2009) -.09 .16 28 B @ o
Lowell et al. (2021) .03 .50 59 ——
Waller et al. (2015) .05 .50 24 —_— O
Weisman et al. (2012) .05 .50 65 —_
Total .02 48 230 -+
-.50 .00 .50
Own vs. unfamiliar LPP
Study r )4 N Correlation and 95% CI
Bernard et al. (2018) .26 .00 73
Bick et al. (2013) 27 .00 33 —_?J_—
Bornstein et al. (2013) 21 .01 22 L O
Doi & Shinohara (2012a) 1 .20 16 O
Doi & Shinohara (2012b) =23 .01 16 — —
Grasso et al. (2009) .34 .00 28 ——O—
Kuzava & Bernard (2018) 39 .00 85 O~
Lowell et al. (2021) 12 01 59 -
Weisman et al. (2012) .16 .03 65 —O—
Total 19 .00 397 -
-.50 .00 .50

Bornstein et al. (2013); Doi and Shinohara (2012a); Doi and Shinohara (2012b); Grasso et al. (2009); Lowell et al.
(2021); Waller et al. (2015); Weisman et al. (2012); Bernard et al. (2018); Bick et al. (2013); Kuzava and Bernard

(2018).

3.4. Are parents’ ERP responses associated with indicators of parenting
quality?

3.4.1. N170. Across 11 studies (N = 460; Table 5), N170 amplitudes
were not consistently associated with indicators of parenting quality,
r=0.06, CI [- 0.04,.17], p = .24, and no significant heterogeneity was
observed, Q = 15.11, p = .13. Although the effect sizes appeared larger
for studies with observed (r=0.18) than attachment measures
(r = 0.01), the moderation effect of the measure of parenting quality
indicator was not significant, Q = 2.844, p = .09.

3.4.2. LPP. Across 13 studies (N = 622; Table 5), LPP amplitudes
showed a significant association with indicators of parenting quality,
r=0.15, CI [.03,.26], p = .01, in a heterogenous set of studies, Q
= 23.58, p = .02. Thus, larger LPP amplitudes to child faces in parents
were associated with more favorable parenting outcomes. While the
effect sizes appeared somewhat larger in studies presenting emotional
(r = 0.18) than neutral (r = 0.06) faces, and unfamiliar (r = 0.17) than
own (r = 0.10) child faces, the moderation effects of stimulus emotion,
Q =0.61, p = .44, and face familiarity, Q = 0.35, p = .55, were not
significant. The moderation effects of reference electrode scheme, Q
=0.06, p=.81, and the measure of parenting quality indicator
(observed vs. attachment measures) were not significant either, Q
= 0.006, p = .94. In the meta-regression analyses, neither participant
age, Q = 0.18, p = .67, nor child age, Q = 0.68, p = .41, moderated the
effects. The included studies were largely underpowered to detect the
rather small combined effect size, with the median power of the
included studies being .23. For an individual study, a sample size of 273
would be required to detect a correlation of r = 0.15 with .80 power.

4. Discussion

A growing number of studies are investigating how the transition to
parenthood impacts hormones as well as brain structure and func-
tioning, and how such changes might support sensitive caregiving (e.g.,
Bakermans-Kranenburg et al., 2021; Hoekzema et al., 2017; Kim, 2016).
EEG and ERP measurements are ideal tools for measuring rapid and
largely automatic perceptual and attentional brain responses to
child-related stimuli (Maupin et al., 2015). Therefore, the purpose of
this meta-analysis was to analyze the available literature on the N170
and LPP ERP responses to children’s face stimuli, focusing on three key
questions: 1) Do parents and non-parents differ in their ERP responses to
child faces? 2) In parents, are ERP responses larger to own vs. unfamiliar
child faces? 3) Are parental ERP responses to child faces associated with
relevant indicators of parenting quality? As the number of available
studies is relatively small at this point, our analysis was not intended to
provide confirmatory evidence regarding the key questions but rather to
present a preliminary statistical evaluation of the current state of the
field, which could help guiding the field forward.

4.1. Do parents and non-parents differ in erp responses to child faces?
Any conclusions regarding these analyses should remain cautious
due to the very small number of studies comparing parents’ and non-
parents’ ERP responses to child faces. The available studies produced a
significant combined effect size for the N170, suggesting that N170
amplitudes to child faces are larger in parents than non-parents. No
differences between parents and non-parents were found for the LPP
amplitudes, indicating that brain responses reflecting motivated atten-
tion and elaborative processing of child faces were not amplified by
parenthood. Child faces have been previously found to activate multiple
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Effect sizes and forest plots for studies investigating associations between N170 (above) and LPP (below) responses

to child faces and indicators of parenting quality.

Parenting quality N170
Study r P N Correlation and 95% CI
Bernard et al. (2015) .26 .03 70 —_—H—
Dudek et al. (2020) -.28 .08 39 O
Endendijk et al. (2018) .09 .64 33 °,
Fraedrich et al. (2010) -.38 .10 16 —C
Kuzava et al. (2019) .05 .65 86 O
Leyh et al. (2016) -.04 .84 25
Lowell et al. (2021) .09 .50 59 O
Marquez et al. (2019) .20 42 20
Rodrigo et al. (2011) .39 .02 28 —O—
Rutherford et al. (2017) .06 .63 62 O
Waller et al. (2015) .05 49 22 —_—O—
Total .06 24 460 -t

-.50 .00 .50
Parenting quality LPP
Study r P N Correlation and 95% CI
Bernard et al. (2015) 22 .07 70
Bernard et al. (2018) .20 .09 73 O
Bick et al. (2013) -12 51 33 O
Dudek et al. (2020) .10 .55 39 O
Endendijk et al. (2018) -.26 .14 33 C
Fraedrich et al. (2010) .08 .76 16 O
Grasso et al. (2009) .38 .05 28 O
Groh & Haydon (2018) -.13 .28 70 O
Kuzava et al. (2019) .19 .08 86 O
Leyh et al. (2016) 47 .01 25 ——
Lowell et al. (2021) 21 .09 59 O
Rodrigo et al. (2011) 47 .01 28 —0
Rutherford et al. (2017) .06 .64 62 O
Total 15 01 622 e

-.50 .00 .50

Bernard et al. (2015); Bernard et al. (2018); Dudek et al. (2020); Endendijk et al. (2018); Fraedrich et al. (2010);
Kuzava et al. (2019); Leyh et al. (2016); Lowell et al. (2021); Marquez et al. (2019); Rodrigo et al. (2011); Ruth-
erford et al. (2017); Waller et al. (2015); Bick et al. (2013); Grasso et al. (2009); Groh and Haydon (2018).

brain regions reflecting perception, attention and emotional processing
in both parents and non-parents (Luo et al., 2015). In studies presenting
children’s faces, activation of the fusiform gyrus, which has also been
traced as the main generator of the N170, has been suggested to reflect
encoding of “baby schema”, i.e., the facial features that are character-
istic for infant faces (Glocker et al., 2009; Luo et al., 2015). Therefore,
the increased responses to infant faces in parents compared to
non-parents at the early visual processing stage could potentially reflect
increased encoding of infantile facial features in parents.

As can be observed from Table 3, both the significant combined ef-
fect on N170 amplitudes as well as the absence of a combined effect on
LPP amplitudes appear to be driven by the large positive N170 and
negative LPP effects in Weisman et al. (2012). In that study, the N170
effect appeared to be driven particularly by a large difference in N170
modulation by infant faces between mothers and single non-parent
women. Although Weisman et al. (2012) found significant differences
between parents vs. non-parents also in the P300, in the context of the
current meta-analysis the effect (i.e., smaller P300 responses to unfa-
miliar infant faces in parents vs. non-parents) was opposite to what was
found in the two other studies. The suppressed P300 responses in par-
ents compared to non-parents for unfamiliar child pictures was inter-
preted by the authors to be due to parents allocating attention more
strongly to their own child pictures than unfamiliar child pictures.

Although the group comparison was based only on ERP responses to
unfamiliar infant faces, during the task parents were presented with own
and unfamiliar infant faces.

Clearly, more research is needed with adequately powered sample
sizes to more reliably estimate whether parenthood is associated with
increased perceptual and attentional brain responses to children’s faces.
To reliably determine the impact of parental status on ERP responses,
matching parents and non-parents in terms of key background variables
such as age and education is also important for future studies. In addi-
tion, as infant faces appear to trigger larger N170 and LPP responses
than adult faces also in non-parent samples (Hahn et al., 2016; Proverbio
et al., 2011), it will be important to investigate whether the potential
effect of parenthood on ERP responses is specific to infant and child
faces, or whether parenthood is also associated with increased ERP re-
sponses to adult faces. Regarding the studies included in the current
meta-analyses of parity effects, only Peltola et al. (2014) presented the
participants with both infant and adult faces. While that study found
that parity modulated ERP responses only to infant faces, but not to
adult faces, the ERPs to infant and adult faces were analyzed separately
and, thus, the critical interaction effect between parity and face age was
not tested. Relatedly, there is a lack of ERP studies systematically
varying stimulus face age. Such an approach would be important for
determining the age at which the enhanced attentional (e.g.,
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Thompson-Booth et al., 2014) or neural responses to infantile features
begin to wane.

4.2. Areparents’ ERP responses larger to own child faces than to unfamiliar
child faces?

In these analyses, the N170 amplitudes did not differentiate own
from unfamiliar child faces, but parents’ LPP responses were consis-
tently larger to own child faces. The absence of a familiarity effect on the
N170 is in line with research investigating the temporal aspects of face
familiarity processing in the brain. While the N170 represents the
structural encoding of the face configuration and is typically unaffected
by face familiarity (Bentin and Deouell, 2000; Eimer, 2000), familiarity
begins to modulate ERP amplitudes slightly later at the level of the N250
component (e.g., Tanaka et al., 2006).

The studies reporting LPP quite systematically pointed to larger LPP
responses to own vs. unfamiliar child faces. The dataset also included
studies that had excellent power to detect the combined effect size,
although some samples were clearly underpowered even for a within-
subjects design. Although there were an insufficient number of studies
for performing a moderation analysis of task type, the effect sizes
appeared not to be related to the paradigm used to obtain LPP or P3
data, as positive effects were observed both in passive viewing (e.g.,
Bernard et al., 2018) and oddball tasks (e.g., Weisman et al., 2012).
However, it remains to be determined whether LPP responses to own
child stimuli are modulated by attentional focus, i.e., whether attention
is explicitly focused on specific features of the stimuli instead of passive
viewing (cf. Hajcak et al., 2006). Since only one of the studies included a
task requiring emotional target detection (Doi and Shinohara, 2012a), it
cannot be determined whether task requirements have an effect on LPP
to own child faces. Furthermore, most studies presented neutral stimuli
and, therefore, the potential moderation effect of stimulus emotion
could not be investigated. Larger LPP amplitudes are typically observed
in response to stimuli with motivational significance, such as emotional
stimuli of both positive and negative valence as compared to neutral
stimuli, and to stimuli associated with high arousal (Olofsson et al.,
2008; Schupp et al., 2000, 2007). Importantly, the larger LPP to pictures
of own children does not appear to merely reflect the greater familiarity
of own child stimuli. In studies that have presented parents with both
unfamiliar and familiarized child faces, LPP responses have typically
been larger to own child compared to both familiarized and unfamiliar
child faces (Bernard et al., 2018; Bick et al., 2013; Grasso et al., 2009;
Kuzava and Bernard, 2018). Larger parental LPP responses to own child
pictures therefore likely indicate the motivational and emotional sig-
nificance associated with own child cues, which is in line with fMRI
studies that have demonstrated increased activation in key brain regions
reflecting emotion and reward processing in parents in response to own
child faces (for a review, see Luo et al., 2015). This makes the LPP a
particularly relevant candidate for investigating the associations be-
tween neural processing of child faces and indicators of parenting
quality.

4.3. Are parents’ ERP responses associated with indicators of parenting
quality?

The N170 effect sizes were generally small and the combined effect
size was not significant, although a few individual studies observed
larger positive effects between N170 amplitudes and parenting out-
comes including observed sensitivity (Bernard et al., 2015; Marquez
et al., 2019) and parental neglect (Rodrigo et al., 2011). In the current
analysis, the type of parenting quality indicator did not significantly
moderate the N170 effect sizes although the effects appeared to be more
positive in studies using observation-based measures. As there were not
enough studies to test moderation effects of emotional vs. neutral
stimuli, or own vs. unfamiliar child faces, it remains for future studies to
investigate whether the potential associations between the N170 and
parenting outcomes are influenced by these factors.

For LPP responses, the combined effect size was significant, showing
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that larger LPP amplitudes to child faces were associated with more
favorable indicators of parenting quality. The association between LPP
amplitudes and parenting quality was not moderated by any of the
relevant moderators (face familiarity, face emotion, reference scheme or
type of parenting quality indicator). However, the small number of
studies and the use of various experimental designs and outcome in-
dicators may have concealed potential moderating effects.

In the other meta-analyses, LPP responses were consistently larger to
own vs. unfamiliar child faces in parents, but the impact of parenthood
on LPPs to unfamiliar child faces (i.e., compared to non-parents) was
unclear due to small number of studies. Parenthood has been found to
potentiate attentional engagement to infant faces, suggesting that infant
faces are generally more salient and arousing stimuli for parents than for
non-parents (Thompson-Booth et al., 2014). It could thus be expected
that the increased attention of parents to infant faces would be also
reflected in attention-related ERP responses to unfamiliar infant faces.
Consequently, it is an open question whether parental LPP responses to
both own and unfamiliar child faces may be associated with indicators of
parenting quality. Although in the current meta-analysis face familiarity
did not have a moderating effect on the associations between LPP am-
plitudes and indicators of parenting quality, in the future it will be
important to systematically evaluate whether LPP responses to own
child and unfamiliar child faces are equally associated with parenting
outcomes. While own child faces clearly represent greater motivational
significance and ecological validity, a major benefit of unfamiliar faces
is that they can be standardized more thoroughly and the same exact
stimuli can be presented to each participant, thus increasing the reli-
ability of the ERP-parenting associations.

Although the moderation effect of stimulus type (i.e., whether the
effects were based on emotional vs. neutral faces) on the associations
between LPP and parenting quality was non-significant, the effect sizes
appeared slightly larger for studies presenting emotional faces than for
studies including only neutral faces. It could be speculated that the
larger effect is driven by increased attention to emotional faces in more
sensitive parents, since responsivity to changes in the infant’s emotions
is a central aspect of sensitive parenting (Ainsworth et al., 1978). Future
studies should investigate whether associations between the LPP and
parenting outcomes are dependent on attentional focus on emotions by
more systematically comparing effect sizes between tasks in which
attention is directed to the emotional content of the stimuli and tasks
involving passive viewing or emotionally neutral tasks.

A potential reason for the absence of clear moderation effects is the
inclusion of diverse parenting quality indicators. The parenting quality
indicators included measures of parental neglect based on CPS records,
observed parental sensitivity, adult attachment assessments, self-reports
and interviews of the parent-child relationship. Due to a small number of
studies including self-reports and interviews, the moderation analysis
only contrasted studies with attachment-based or observational mea-
sures (with the study based on CPS records included as an observational
measure). Although the type of parenting outcome measure was not
found to moderate the association between LPP amplitudes and
parenting quality outcomes, the small number of studies makes it
difficult to reliably compare the moderation effects. Accumulation of
studies and, ideally, systematic investigations of the different outcome
measures and their association with LPP responses will lead to more
reliable conclusions regarding the important preliminary finding linking
LPP responses with parenting outcomes. It could be investigated, for
example, whether parental neglect and intrusive behavior during
interaction are differently associated with LPP amplitudes, since they
represent somewhat opposing parenting behaviors. Given that LPP
amplitudes reflect attentional engagement, increased LPP responses to
child faces could be a marker of non-neglectful/sensitive caregiving
(Fraedrich et al., 2010; Kuzava et al., 2019; Rodrigo et al., 2011) but
equally a marker of disproportional attention to infant cues or intru-
siveness (cf. Groh & Haydon, 2019). It will be important to determine
the experimental conditions and type of stimuli that could distinguish
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between LPP responses associated with sensitive vs. intrusive parenting.
Further research is also necessary to determine the true effect size be-
tween LPP and parenting outcomes, as the power analysis indicated that
all of the studies included in the meta-analysis were underpowered to
detect the association of r = 0.15 in a correlational design.

5. Conclusions

A systematic analysis of the emerging parental ERP literature sup-
ports the view (e.g., Maupin et al. (2015) that ERP responses to
child-related stimuli provide useful information for assessing the
parental brain. The findings of this meta-analysis suggest that ERPs in
the later processing stage (LPP or P3 responses) could be relevant in-
dicators for assessing attentional-motivational factors related to
parenting, since these responses were found to be consistently larger for
own child faces and they were also associated with parenting outcomes
including observed sensitivity and parents’ secure attachment repre-
sentations. Although the earlier N170 response differed between parents
and non-parents, it was not affected by face familiarity or variation in
parenting quality outcomes. Since the N170 is related to structural
encoding of face features (Bentin and Deouell, 2000; Eimer, 2000), it
could be less susceptible to motivational factors or experience in
parenting. In accordance, a recent behavioral study found that perinatal
status (pre- vs. postnatal) was unrelated to perceptual processing of in-
fant emotional expressions (Parsons et al., 2021). However, the con-
clusions related to the N170 should be cautious because of the small
number of studies.

The results provide preliminary support for the potential of the LPP
(or P3) as a neural correlate of parenting quality when measured in
response to children’s face stimuli. More research is needed to clarify
whether the association between LPP and parenting quality is evident
for both own and unfamiliar faces and regardless of facial expressions of
the stimulus faces, and whether different EEG paradigms impact the
strength of the associations, specifically regarding whether or not the
task requires focusing attention on the emotional content of the stimuli.
It will also be important to determine which types of parenting quality
indicators are most reliably associated with LPP responses, and whether
the LPP, as an indicator of motivated attention, similarly reflects both
sensitive and intrusive parenting behaviors. Relatedly, the influence of
parental depressive and anxiety symptoms on neural responses toward
child stimuli is a topic requiring greater attention (e.g., Arteche et al.,
2011).

As the studies included in the current dataset were largely under-
powered to detect the rather small association between LPP and
parenting outcomes, it remains to be determined whether r = 0.15 re-
flects the true size of the association. Researchers might be advised to
strive for larger sample sizes in future studies investigating how ERP
response are associated with parenting quality, for example through
multi-site collaboration. Furthermore, as this is a relatively young field
of research, much of the data analyses may have been conducted in an
exploratory fashion. In the future, to fulfill the promise of this line of
research, it will be important to adhere to established guidelines for
ERP/EEG research (Keil et al., 2014; Luck and Gaspelin, 2017) and,
ideally, strive towards more confirmatory analyses by pre-registering
study protocols and analysis plans (Paul et al., 2021). In the same
vein, we note that the current meta-analysis has not been pre-registered
either. Methodological variation in EEG recording parameters such as
the choice of reference electrodes may also influence the outcomes (see
Kuzava et al., 2020), and such choices should depend on the aims of the
study (e.g., whether the primary aim is to analyze N170 or LPP
responses).

Finally, another important and an emerging (Bakermans-Kranenburg
et al., 2019) research target is to extend the investigation of ERP re-
sponses to child-related cues systematically to fathers. As only a few
studies of the current meta-analysis included fathers as participants
(Proverbio et al., 2006; Waller et al., 2015; Weisman et al., 2012),
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comparisons between female and male parents were not possible. There
is some preliminary evidence for both similarity of parental brain acti-
vation to infant stimuli in males and females (Abraham et al., 2014) as
well as differences in behavioral responses to infant cues in mothers and
fathers (Parsons et al., 2017). Therefore, investigation of gender dif-
ferences, different caregiving roles and arrangements (e.g., homosexual
couples; Abraham et al., 2014), and the influence of the amount of
involvement in child care on parental brain responses towards child cues
are relevant targets for future research.
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