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Introduction: Infant stimuli attract caregiver attention and motivate parenting
behavior. Studies have confirmed the existence of attentional bias toward infant
face stimuli; however, relatively little is known about whether attentional bias
exists for infant cry stimuli, which are as important as faces in child-rearing
situations. Furthermore, scarce longitudinal evidence exists on how attentional
bias toward infant crying changes through the postpartum period.

Methods: In the present study, we conducted an experiment to assess bias toward
infant crying at two postpartum time points: at Time 1 (Mean = 75.24 days), 45 first-time
mothers participated and at Time 2 (Mean = 274.33 days), 30 mothers participated. At
both time points, the mothers participated in a Stroop task with infant crying and white
noise as the stimuli. They were instructed to answer the color out loud as quickly and
accurately as possible, while ignoring the sound. Four types of audio stimuli were used
in this task (the cry of the mother's own infant, the cry of an unfamiliar infant, white noise
matched to the cry of the mother's own infant, and white noise matched to the cry of
an unfamiliar infant), one of which was presented randomly before each trial. Response
time and the correct response rate for each condition were the dependent variables.

Results: For response time, the main effect of familiarity was significant, with
longer response times when the participant's infant's cry was presented. In
addition, response times were lower at Time 2 than at Time 1 in some conditions
in which crying was presented.

Discussion: The results suggest that mothers may be less disturbed by infant
crying as they gain more experience. Elucidating the characteristics of postpartum
mothers’ changes in cognitive performance related to infants’ cries would be useful in
fundamental and applied research to understand the process of parents’ adaptation
to parenting.

KEYWORDS

infant crying, attentional bias, postpartum change, Stroop task, maternal cognition

Introduction

Reflexive and biased attention to ecologically important stimuli leads to efficient
information processing and rapid intuitive responses, which increases individual and species
survivability. Infants’ signals are different from those of adults, and they function to attract
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caregivers attention and motivate caregiving behavior. Adults rate
faces with more infantile features as cuter and are more eager to
care for them (Glocker et al., 2009; Endendijk et al., 2018). To
examine attentional bias toward infant face stimuli, cognitive tasks
(e.g., the dot-probe task and go/no-go task) are used to detect
changes in response time to the presentation of infant faces. Several
studies have confirmed that response times are shorter when an
infant’s face is presented compared with when an adult’s face is
presented; that is, adults’ attention is allocated more to infants’ faces
[for a review, see Lucion et al. (2017)].

Caregivers’ attentional bias toward infant face stimuli is modulated
by their mental health. Perinatal depression is a major mental health
risk in the perinatal period that interferes with sensitive parenting of
infants in the postpartum period. Depressive symptoms distort
cognition, and biased attention to negative stimuli is associated with
the onset and persistence of depressive symptoms (Beck, 2008; Disner
etal,, 2011). However, previous research examining the relationship
between depressive symptoms during pregnancy and bias toward
infant distress has shown that women with depressive symptoms have
lower attentional bias toward infant distress than do women without
depressive symptoms (Pearson et al., 2010). It has also been shown
that lower attentional bias leads to difficulties in bonding with infants
(Pearson et al., 2011). These findings suggest that bias toward infant
stimuli has an adaptive aspect as well as that the inability to show bias
may lead to mental health issues and mother—child relationship
difficulties in the perinatal period.

Compared with the extensive research using infant face stimuli,
few studies have used infant cry stimuli. Infants’ cries, like their faces,
have different characteristics from those of adults, attracting
caregivers’ attention and motivating parenting behavior. In particular,
crying is a signal by which infants communicate their distress and
physiological needs to their caregivers immediately after birth; it is
important for their survival and attachment formation with their
caregivers (Soltis, 2004). Studies have found that presenting infant
crying during a cognitive task decreases task performance, suggesting
the existence of attentional bias (Chang and Thompson, 2011; Hechler
etal, 2015; Dudek et al,, 2016). Dudek et al. (2016) presented infant
vocalizations (crying and laughter) during or before a Stroop task trial
and found that listening to an infant crying shortened response time
compared with listening to laughter.

Pregnancy and childbirth alter the structure of the mother’s brain
and these changes are believed to be adaptive to parenting behavior
(Kim et al., 2010; Hoekzema et al., 2017, 2020). In animal models,
females who have never given birth or raised offspring typically show
indifference or avoidance toward unfamiliar pups. However, their
responses shift to reward pup-related stimuli due to increased
hypothalamic activity late in pregnancy and after delivery (Barrett and
Fleming, 2011). In humans, parents show higher attentional bias
toward infant face stimuli than do non-parents (Thompson-Booth
et al., 2014a,b; Oliveira et al., 2017); the bias toward infant stimuli
exhibited by parents may thus have an adaptive aspect that motivates
sensitive responses to infant stimuli and prompt caregiving.

However, while it has recently been suggested that postpartum
mothers’ responses to crying are not fixed and vary with their parenting
experience, empirical findings on longitudinal changes in postpartum
responsiveness are scarce. Bilgin and Wolke (2020) found that parents
are initially less likely to leave their crying babies unattended
immediately after birth. However, the frequency of this non-responsive
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behavior tends to increase gradually over time. It has also been shown
that over the postpartum period, there is a gradual increase in
orientation toward adults who are listening to the crying and not the
crying baby (Hiraoka et al., 2021). Further, while previous studies have
used subjective ratings of behavior and beliefs about crying, attentional
bias is latent, less influenced by intentions and social desirability, and
associated with the risk of psychiatric disorders. Therefore, examining
changes in attentional bias and its association with the risk of
psychiatric disorders is of great fundamental and clinical significance.

The primary objective of this research is to expand our
understanding of cognitive functions in parenting behavior.
Nevertheless, the application of our findings is not confined to
parenting research alone. It has potential implications for a broader
range of psychological domains, particularly those concerning
emotions and sociality. Empathy, for instance, is a vital psychological
capability that motivates not only parenting behavior but also our
understanding of and assistance to others (Swain, 2011; Decety et al.,
2012). Longstanding discussions suggest that empathy does not arise
spontaneously; instead, it necessitates cognitive top-down control
(Rameson et al., 2012; Spunt and Lieberman, 2013). This hypothesis
also applies to the empathy that a mother feels toward her infant
(Hiraoka and Nomura, 2016). An interaction between lower-level
emotional arousal and higher-level control is deemed necessary for
parenting (Kim et al., 2016; Swain and Ho, 2017), and a similar dual-
pathway model has been proposed for empathy (Yu and Chou, 2018).
However, to deepen our understanding of the specific mechanisms
and applications of this model, further research is warranted. This
study, which investigates changes in cognitive control in response to
emotional stimuli, anticipates contributing empirical evidence to the
broader context of empathy, serving as an important step toward the
substantiation of the theoretical model.

Aim and hypotheses

The main purpose of this study was to examine whether there is a
bias in mothers’ attention toward infant crying and whether this bias
is altered by parenting experience. For this purpose, first-time
postpartum mothers were recruited to complete a Stroop task in
which infants’ cries (their own and unfamiliar infants) were employed
as distractors. We then obtained several subjective ratings of each cry,
including caregiving intentions. In addition, postpartum depressive
symptoms were measured using the Edinburgh Postnatal Depression
Scale (EPDS) to examine how attentional bias toward infant crying is
related to subjective ratings of crying and postpartum depressive
symptoms. We then administered the same task approximately
6months later to examine the changes in attentional bias within
individuals. We hypothesized the following:

Hypothesis 1: Mothers exhibit attentional bias toward infant
crying. Similar to bias toward infant face stimuli, bias toward
infant crying is positively associated with caregiving intentions
and negatively associated with postpartum depressive symptoms.

Hypothesis 2: Attentional bias toward infant crying changes with
parenting experience. More specifically, in the immediate
postpartum period, mothers are more sensitive to crying and
allocate more attention to it than control sound.
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Materials and methods
Participants

The sample participants were part of a longitudinal study of
postpartum changes in new mothers conducted at the University of
Fukui. The mothers participated in the experiment twice: at 2 months
postpartum (Time 1) and 8 months postpartum (Time 2). Time 1 was
an average of 75.24 days (SD=12.85) postpartum, while Time 2 was
an average of 274.33 days (SD=15.23). An infant’s crying time and
frequency peak approximately 1 month after birth and gradually
decline thereafter (Barr, 1990; Vermillet et al., 2022). A longer crying
duration and increased frequency could lead to heightened parenting
stress and an increased risk of abuse (Lee et al., 2007; Fujiwara et al.,
2011). Furthermore, while mothers gradually increase parent-oriented
beliefs toward their infant’s cry, no significant change is observed
between 0-2 months and 4-6months in the postpartum period
(Hiraoka et al., 2021). However, a significant change is detected during
the four to 5 months after the third month postpartum. Based on these
findings, we hypothesized that changes indicative of adaptation to
crying occur between two to 3 months and 8 months (i.e., after the
peak of crying). This informed the selection of our measurement time
points for this study.

Forty-five mothers (mean age = 30.69 years, SD =4.04) participated
(October 2020 to September 2021) at Time 1. The participants were
recruited from local maternity hospitals and university hospitals using
a poster from July 2020 to March 2021. The inclusion criteria specified
primiparous biological mothers with no self-reported hearing
impairments. Of the participants who participated at Time 1, 30 took
part in the Time 2 experiment conducted from March 2021 to March
2022. This study was approved by the university of Fukui’s Research
Ethics Committee. Participation was voluntary and all participants
provided written informed consent.

Procedure

Stroop task

To examine attentional bias toward infant crying, a paradigm was
created using the Stroop task adopted in a previous study (Dudek
etal., 2016). Dudek et al. (2016) carried out two versions of a Stroop
task: one in which infant crying or laughing sounds were presented
immediately before each trial and another where these sounds were
presented simultaneously with the trial. They consistently
demonstrated that the valence of the vocalizations significantly
influenced response times in both versions. Interestingly, the
disruption effect of the sound valence was more potent when the
sounds were presented just before the trials (7°=0.53 vs. °=0.29).

This approach of presenting the sounds before each trial guided the
design of this study, but it was modified and used to fit our purpose.
Each trial began with the presentation of a fixation cross for 2,000 ms,
followed immediately by the infant crying sound (or noise sound) for
2,000 ms paired with a fixation cross. Audio stimuli were presented via
headphones (ATH-M30x, Audio-Technica, Japan). This was succeeded

» <«

by the color words (“green,” “blue;” “red,” and “yellow”) or a control text
(“xxx”) that appeared in red, blue, yellow, or green after 200 ms. Color
words appeared as (1) congruent (e.g., the word “RED” printed in red;

congruent condition), (2) incongruent (e.g., the word “RED” printed in
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blue; incongruent condition), and (3) control (i.e., “xxx” was presented
in each of the four colors; control condition). Each of these three Stroop
conditions comprised 48 trials, leading to a total of 144 trials. All the
participants completed a four-trial practice run before the actual task.
The participants’ responses were recorded as audio files, and the content
of their speech and response latency were recorded for each trial. The
response content was extracted using SpeechRecognition and the
Python speech recognition library. Response time was determined
using Chronset (Roux et al., 2017), as the time taken between the
presentation of the word and first utterance. Response times shorter
and longer than the range of the 2.5 x median were considered to be an
absolute deviation from the median and excluded as outliers (Leys
etal, 2013). Of the 10,656 trials in all Time 1 and Time 2 experiments
for all participants combined, 573 trials (5.38%) were excluded as
outliers. As an index of attentional bias toward infant crying, the
difference in the mean response times in the crying and white noise
trials was computed for each participant (sound type condition).
Similarly, the difference in the mean response times in the own and
unfamiliar infant trials was calculated for each participant as a measure
of attentional bias toward their own infants cry (familiarity condition).

Mothers recorded their infants’ crying sounds at home a day before
the experiment for use in the task. They were directed to capture
spontaneous crying moments of their infants, such as before feeding or
falling asleep, for a duration ranging from 30s to 1 min using their
smartphones. In addition to the recordings, participants provided
contextual details and reasons related to the crying episode. These details
have been tabulated and are available in Supplementary Table S1. Upon
receipt of the recordings, our research team conducted a thorough
review of each file. Our primary focus was on the initial 2,000 ms of the
audio data, ensuring it was free of external interferences like other voices,
background noises, or extended silences. Given the potential variability
in the intensity of crying across different recordings, we sought to
standardize the amplitude. This was achieved using the “Normalization”
function in Audacity, a freely available open-source audio software,
which can be downloaded.! While amplitude was standardized, we made
a deliberate decision not to modify the frequency of the crying sounds.
This is because frequency is a unique acoustic characteristic of each cry.
Retaining this natural variation is essential, as it potentially influences
caregivers’ perceptions and reactions to the crying.

Regarding the unfamiliar infant cries used as stimuli in this study,
we prepared a cry from a infant who matched the age of the
participants’ own infants, specifically at two time points: 51 and
247 days postpartum. The cry was sourced from an infant whose
parent was not part of the study. The processing of the unfamiliar cry
underwent the same normalization procedure as the cries from the
infants of participating mothers. Participants were informed only of
the inclusion of “crying sounds and white noise” without specific
mention of the origin or familiarity of these cries. Although they knew
their infants cries would be part of the experiment due to the
pre-experiment recording instructions, they were likely unaware of
the inclusion of unfamiliar infant cries.

White noises corresponding to the own and unfamiliar infant’s
cries were created as the control stimuli for each participant. The
sound envelope and amplitude of the white noise stimuli were

1 http://audacity.sourceforge.net
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matched to the cries of their own and unfamiliar infant using the
Audacity function. Therefore, four types of audio stimuli were used
in this task (the cry of the mother’s own infant, the cry of an unfamiliar
infant, white noise matched to the cry of the mother’s own infant, and
white noise matched to the cry of an unfamiliar infant). One of the
four types of sounds was presented in random order in each trial.
After completing the Stroop task, the participants were asked to
rate each sound’s valence, arousal, urgency, health, and caregiving
intentions on a five-point Likert scale (soothing - aroused, unpleased
- pleased, non-urgent - urgent, healthy - sick). Additionally, they
were asked to rate their feelings of wanting to pick up a crying baby
(caregiving intention) on a five-point scale. The items we used were
based on those employed in several previous studies that assessed
perceptions of infant crying in a laboratory setting (Zeskind and
Lester, 1978; Zeifman, 2004; Out et al., 2010; Lin and McFatter, 2012).

Questionnaire

After completing the cognitive tasks, the participants were asked
to fill out a questionnaire to provide their demographic information
and postpartum depressive symptoms as soon as possible at home.
Postpartum depressive symptoms were evaluated using the EPDS
(Cox et al., 1987), which has been validated and is widely used in
clinical and research settings. It is a self-report questionnaire
comprising 10 items assessing depressive symptoms that have
occurred within the last 7 days. Each item is rated on a four-point scale
and the total score is computed by averaging the item scores. In this
study, the EPDS Cronbach’s alpha at Time 1 was 0.76 and at Time2 was
0.87, indicating sufficient internal consistency.

Statistical analysis

For response time, all incorrect response trials (83 trials,
representing 0.779% of all trials) were excluded from the analysis.
We utilized a linear mixed-effects model (LMM) to analyze both
response time and the error response rate. The model integrated fixed
effects for the Stroop condition (congruent, incongruent, and control),
sound type (crying and white noise), familiarity (own and unfamiliar
infant), and time point (Time 1 and Time 2). Beyond a random
intercept for participants, we incorporated interaction intercepts (id:
Sound, id: Condition, id: Familiarity, and id: Time) to model random
effects for all combinations of the levels of each subject and factor.

Our analytical approach proceeded as follows: Initially, we estimated
a model that included only random effects (Model 1). Subsequently,
Model 2 was constructed, incorporating control variables like age of
participants at Time 1, age of the child at Time 1, and the interval in
days between Time 1 and Time 2. Model 3 was defined by experimental
factors, specifically Condition, Sound, Familiarity, and Time. Model 4
comprised interactions of interest, integrating Time, whereas Model 5
added secondary interactions of interest involving Time. The fit of these
models was compared using likelihood-ratio tests (Tables 1, 2).

After model selection, we delved into the fixed effects of the final
model to test our hypotheses. Additionally, we computed the marginal
and conditional R’ statistics. For instances where significant main
effect(s) and interaction(s) were observed in the final model,
we estimated the marginal means for each condition and assessed the
differences in scores across these conditions. Before the main analysis,
data from participants who did not participate in Time 2 were excluded.
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Subsequently, a Pearson correlation analysis was executed at each
time point to investigate the relationships among participants’
attentional bias toward infant crying, subjective ratings of crying, and
postpartum depressive symptoms. The bias score for crying was
characterized as the difference in the mean response times between
the sound type conditions. Similarly, the bias score for the mother’s
own infant’s cry was denoted as the difference in the mean response
times in the familiarity conditions. Statistical significance was set at
p<0.05. The LMM and subsequent tests were conducted on R (version
4.2.1) using the Imertest (Kuznetsova et al., 2017), emmeans (Lenth,
2022), and performance (Liidecke et al., 2021) packages.

Results
Response time

Table 1 presents the results for model fit and the likelihood-ratio
tests. Model 4, which incorporated first-order interaction terms, was
selected as the final model. Based on the outcomes from the final
model (as shown in Table 3), we identified a significant main effect for
both the Stroop condition and familiarity (Figures 1B,C). Additionally,
a significant interaction between Time and Sound was observed
(Figure 1A).

We conducted a post-hoc analysis for the main effect of the Stroop
condition. The response time for the Congruent condition
(mean=648.62ms, SE=14.63) was longer than that for the Control
condition (mean=631.05ms, SE=14.63) with statistics: t=2.57, p=0.03,
d=0.67, and 95% CI=[0.14, 1.2]. The response time for the Congruent
condition was shorter than for the Incongruent condition
(mean=716.87ms, SE=14.63) with statistics: t=-9.97, p<0.01,
d=-2.62,and 95% CI=[-3.31, —1.91]. Moreover, the response time for
the Control condition was shorter than the Incongruent condition:
t=—12.54,p<0.01, d=—3.29,and 95% CI=[—4.08, —2.5]. We conducted
a post-hoc analysis for the effect of familiarity. The response time in the
Familiar condition (mean=668.66 ms, SE=14.14) was longer than in
the Unfamiliar condition (mean =662.37 ms, SE=14.14) with statistics:
t=-2.57, p=0.02, d=-0.95, and 95% CI=[-1.71, —0.18]. Post-hoc
analyses were conducted on the significant interaction between Sound
and Time. Although the effect of Time was not significant in both the
crying sound and white noise conditions, there was a decrease in
response time from Time 1 (mean=673.26 ms, SE=14.94) to Time 2
(mean=657.3ms, SE=14.94) in the crying sound condition (t=1.66,
p=0.11, d=0.58, and 95% CI=[-0.12, 1.27]). In the white noise
condition, the response times were as follows: Time 1 (mean=668.36 ms,
SE=14.94) and Time 2 (mean=663.14ms, SE=14.94) with statistics
t=0.54, p=0.59, d=0.19, and 95% CI=[-0.5, 0.87].

Error rate

Similarly, for the error rate, we applied a LMM. Due to some
variance components being zero or extremely small, the random
effects for id:Sound and id:Time were excluded from the model. After
comparing the fit of each model (Table 2), Model 3, which only
included main effects, was chosen as the final model (refer to Table 4).
Within this model, there was a significant main effect for Condition.
The error rate in the Incongruent condition (mean=0.018, SE=0.005)
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TABLE 1 Model fit indices for the response time.

Specification

10.3389/fnbeh.2023.1192275

Statistic
Model 1 Random Effects Only 7,444.25 7,476.30
Model 2 Random Effects + Control Vars 7,438.20 7,483.99 2.82 3 0.42
Model 3 Random Effects + Control Vars + Main Effects 7,332.59 7,401.28 91.06 5 <0.01
Model 4 Random Effects + Control Vars + Main Effects +1st Interactions 7,310.61 7,397.61 9.79 4 0.04
Model 5 Random Effects + Control Vars + Main Effects +1st Interactions +2nd Interactions 7,261.45 7,394.25 11.11 10 0.35

LRT, likelihood ratio test.

TABLE 2 Model fit indices for the error rate.

Specification LRT
Statistic df
Model 1 Random Effects Only —3,322.48 —3,299.58
Model 2 Random Effects + Control Vars —3,278.57 —3,241.94 347 3 0.32
Model 3 Random Effects + Control Vars + Main Effects —3,232.71 —3,173.18 13.8 5 0.02
Model 4 Random Effects + Control Vars + Main Effects +1st Interactions —3,187.58 —3,109.73 1.65 4 0.80
Model 5 Random Effects + Control Vars + Main Effects +1st Interactions +2nd Interactions —3,086.18 —2,962.54 7.93 10 0.64

LRT, likelihood ratio test.

TABLE 3 Linear mixed model results for the response time.

Fixed effects

Df.res p value

Age 0.71 1 26 0.41
Child age 223 1 26 0.15
Interval 0.13 1 26 0.73
Condition 79.54 2 79.81 0
Sound 2.11 1 102.46 0.15
Familiarity 4.13 1 101.17 0.04
Time 0.83 1 45.26 0.37
Condition:Time 2.24 2 536 0.11
Sound:Time 5.27 1 536 0.02
Familiarity: Time 0.06 1 536 0.8

Variance SD
id:Condition 579.62 24.08
id:Time 1,222.27 34.96
id:Familiarity 8.19 2.86
id:Sound 6.89 2.62
id 5,103.72 71.44
Conditional R* Marginal R*
0.90 0.20

was higher than in both the Control (mean=0.001, SE=0.005) and
Congruent conditions (mean=0.002, SE=0.005) with statistics
Control-Incongruent: t=—2.58, p=0.03, d=—0.68, and 95% CI=[-1.2,
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—0.14] and Congruent-Incongruent: t=—2.69, p=0.02, d=—0.71, and
95% CI=[-1.23, —0.17]. No significant difference was observed
between Control and Congruent (t=—-0.11, p=0.99, d=-0.03, and
95% CI=[—0.54, 0.49]). Furthermore, the main effect of Time Point
was significant, indicating that the error rate was higher at Time 2
(mean=0.009, SE=0.003) than Time 1 (mean=0.006, SE=0.003) with
statistics t=—2.05, p=0.04, d=—0.17, and 95% CI=[-0.33, —0.01].

Association of attentional biases and with
subjective ratings for crying and
postpartum depression symptoms

The correlation coefficients between response time for each
condition and EPDS scores were calculated at each time point
(Supplementary Table S2). Overall, there was a positive
correlation. Notably, at Time 2, a significant correlation was found
between the response time under the incongruent condition of the
Stroop task, where color and text do not match, and the EPDS
scores. This suggests that mothers with higher postpartum
depression (PPD) symptoms performed worse in conditions of
high task difficulty.

To examine the relationship between attentional bias toward crying
and own infants vocalizations and subjective ratings and maternal
depressive symptoms, we conducted correlation analyses of the
relationships among variables at each time point (Table 5). The results
showed that greater bias toward one’s own infant’s vocalizations was
significantly and positively correlated with intention to care for infant
crying at Time 1 (r=0.37, p=0.013). Mothers whose response time was
slower when they heard their own infants cry than when they heard
unfamiliar infants cry rated their caregiving intentions toward crying
higher (Figure 2A). This relationship was no longer significant at Time 2.
At Time 2, a higher bias toward crying was significantly negatively
correlated with urgency toward crying (r=-0.58, p=0.001). Mothers
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FIGURE 1
Response times across conditions. (A) Interaction effect between sound and time. (B) Main effect of Stroop condition. (C) Main effect of familiarity.

TABLE 4 Linear mixed model results for the error rate.

Fixed effects

Df.res p value
Age 2.48 1 26 0.13
Child age 0.52 1 26 0.48
Interval 1.3 1 26 0.26
Condition 4.63 2 58 0.01
Sound 0.62 1 598 0.43
Familiarity 0.08 1 29 0.77
Time 421 1 598 0.04

Random effects

Variance SD
id:Condition 0.001 0.02
id:Familiarity 0.0001 0.01
id 0.0001 0.01

Conditional R*

Marginal R*
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whose response times were longer when they heard infant crying than
when they heard white noise rated the urgency of crying as lower
(Figure 2B).

Discussion

This study investigated the existence of attentional bias toward
infant crying and its longitudinal changes through the postpartum
period for new mothers. The results indicated the presence of
attentional bias toward the sounds of their own infants. Such
attentional bias was positively correlated with caregiving intentions at
Time 1. The changes in reaction time from Timel to Time2 in the
crying and white noise conditions were significantly different, with the
decrease being more pronounced in the crying condition.
Furthermore, at Time 2, higher attentional bias toward infant crying
was associated with less urgency in responding to the crying. This
study represents the first exploration of longitudinal changes in
caregivers’ attentional bias toward infant crying.

The perinatal period is characterized by dramatic neurobiological
and cognitive changes that enhance sensitivity to infant cues,
promoting infant survival and the formation of mother-infant bonds
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TABLE 5 Correlation matrix of attentional bias and subjective ratings of crying at each time point.
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(Barrett and Fleming, 2011; Hoekzema et al., 2017, 2020; Numan,
2020). Concurrently, this period also carries an increased risk for
mental health disorders such as postpartum blues, PPD, and disorders
of mother-infant bonding (Workman et al., 2012). The interaction
between increased sensitivity and mental health risk may involve a
balance of systems; while mothers are required to respond sensitively
to infant cues, they must also manage and regulate these responses
through emotional regulation and executive functions to display well-
regulated caregiving behaviors (Rutherford et al., 2015; Kim et al,,
2016; Swain and Ho, 2017). Further, while empathy for a crying infant
is a crucial mental function motivating caregiving behavior (Hipwell
et al., 2015; Swain and Ho, 2017), empathy is not automatically
invoked and can decrease in situations in which cognitive resources
are constrained, subsequently lowering caregiving intentions (Hiraoka
and Nomura, 2016). This failure to regulate may increase the risk of
inappropriate caregiving and worsening of mental health (Crouch
etal, 2018, 2021). Both perinatal depression and anxiety have been
associated with alterations in the cognitive and neurobiological
processing of infant crying (Ho and Swain, 2017; Guo et al., 2018),
suggesting a bidirectional relationship between responsiveness to
infant crying and worsening mental health.

In this study, we found no significant relationship between bias
toward infant crying and depressive symptoms. However, especially at
Time 2, mothers with higher depressive symptoms displayed shorter
response times in those conditions with higher task difficulty. This is
consistent with the previous findings that depressive symptoms do not
inhibit cognitive task performance across the board, but may cause a
decline in performance in more challenging tasks (Hammar et al.,
2010). However, in most individuals, disturbances in postpartum
mental health gradually decrease naturally over time (Yu et al., 2020).
Additionally, any cognitive decline observed during the perinatal
period tends to be temporary, with recovery noted around the time of
weaning (Workman et al., 2012; Orchard et al., 2023). It has been
suggested that the immediate postpartum state of preoccupation with
infant stimuli is unique and requires gradual recovery from it
(Winnicott, 1956). This implies that the gradual decrease in the
sensitivity and recovery of cognitive functions through the postpartum
period can improve the regulation of psychological and behavioral
responses to infant cues, thereby attenuating parenting stress and risk
of worsening mental health.

The structural changes in the brain, with volume reductions in
multiple regions from pregnancy to the postpartum period
(Hoekzema et al., 2017), also recover postpartum, suggesting a return
to the pre-pregnancy state (Iim et al., 2010; Luders et al., 2020). Both
other-oriented and self-oriented types of empathy toward infant
crying exist and it has been shown that parent-oriented beliefs
increase compared with empathy oriented toward infant emotions
(Hiraoka et al., 2021). The decrease in bias observed in our study may
reflect the early stages of these adaptive processes, including improved
cognitive function and reduced bias toward infant stimuli. Future
work could adopt comprehensive measures of cognitive function as
well as physiological and neurobiological responsiveness to infant
crying to explore the adaptive process and mechanisms of responding
to infant crying more in depth.

The results of our study suggest that there is a reduction in
response times to crying in general, irrespective of whether the cry
is from one’s own infant or an unfamiliar infant. This indicates that
the adaptation might not be specific to one’s own infant’s cry due to
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FIGURE 2

Scatter plots between attentional bias and subjective ratings. (A) Bias toward familiar infant vocalization and caregiving intention toward crying at

Time 1. (B) Bias toward infant cry sound and urgency toward crying at Time 2.

experience but rather a general adaptation to infant crying. The
development of a mother-infant bond is proposed to follow a model
that involves a recognition process and a persistent attraction process
(Numan and Young, 2016). Depending on the species, there might
be a biological predisposition to selectively attend to one’s own
offspring or to attend non-selectively to any juvenile of the same
species. Especially in species where females give birth to altricial
offspring, there is often non-selective recognition at the time of birth.
This means that general juvenile stimuli can access the maternal
motivation system in the brain, leading to caregiving behaviors
directed at any juvenile of the same species. Whether human parents
show a specific response to their infant’s cry is still under debate (Li
et al., 2018; Witteman et al., 2019). Witteman et al. (2019) showed
through a meta-analysis that there are differences in processing
infant stimuli based on parental status, and their studies included
cries from unfamiliar infants. This suggests the possibility that brain
processing of infant cries in general might change based on parental
status or caregiving experience. From this perspective, it is
conceivable that caregiving experience might alter responses not
only to one’s own infant’s cry but also to the cries of unfamiliar
infants. However, the lack of a significant effect does not necessarily
mean there is no difference, so drawing firm conclusions is
challenging. Rilling (2013) has suggested a classification for the
processing of infant cries into five stages: auditory processing, the

Frontiers in Behavioral Neuroscience 08

alarm signal response, the reward system, emotional empathy, and
finally, cognitive empathy. The attentional bias to crying measured
in this study might belong to the earlier stages, indicating a very
automatic and instinctual response. If variables from later stages
were measured, there might be an interaction between familiarity
and time point. In the future, exploring the effects of familiarity on
changes from perspectives other than attentional bias will
be meaningful.

The increase in correct response rates at Time 2 might indicate
that the participants had adapted to their infants’ cries, leading to
automatic responses and resulting in less attentive responses, rather
than a simple decrease in response times. Therefore, the results should
be interpreted as a balance between improved processing speed and
accuracy, reflecting the natural course of adaptation to the role
of caregiving.

At Time 2, mothers who rated crying as more urgent were less
biased toward crying and responded faster due to crying. Previous
studies have shown that hearing infant crying improves motor task
performance (Parsons et al., 2012; Young et al., 2015). Initially,
mothers do not understand the reason for the crying and use a trial-
and-error approach to sooth crying infants (Drummond et al., 1993;
Kurth et al.,, 2014). However, with experience, mothers begin to
understand the reasons for infant crying and adopt methods to cope
with it (Drummond et al., 1993; Kurth et al., 2014). At Time 1, while
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mothers may have responded uniformly regardless of their level of
urgency, urgency and response time became linked as they gained
experience. At Time 2, task performance due to crying may have
increased among those participants who rated their level of
urgency higher.

Response times were longer in the trials in which their own
infants’ cries were presented, indicating a bias toward their own
infant’s cry. The envelope was retained when converted to white noise,
which may have led to specific cognitive processing based on the
envelope properties of the infant’s cry, even in the white noise
condition. Primates, including humans, are semi-mature at birth, and
mothers form selective attachments to their own children to prevent
them from being confused with other young animals in the group and
becoming unable to care for them (Numan, 2020). Areas involved in
reward and value judgments, such as the orbitofrontal cortex and
anterior insula, are more activated by their own infants cry than by
the cries of unfamiliar infants (Noriuchi et al., 2008). Doi and
Shinohara (2012) found that their own infant’s cry enhances the P300
component, which reflects saliency, compared with unfamiliar infants’
cries. The cry of one’s infant can thus be interpreted as a more salient
and attention-grabbing stimulus. At Time 1, we found that the higher
bias toward their own infant’s cry, the higher the mother’s caregiving
intentions. This result is in line with the lower bias toward infant face
stimuli among mothers with perinatal depression and bonding
difficulties (Pearson et al., 2010, 2011). Unlike general attentional bias
toward infant crying, however, there was no significant decrease in
attentional bias at Time 2. A mother’s feelings toward her own infant
are formed during pregnancy and in its first year of life (Kinsey and
Hupcey, 2013). Bias toward one’s own infant may have held at Time 2,
as an eight-month-old infant who is not yet able to move satisfactorily
on their own may require selective attention and care.

A major strength of this study is that we were able to obtain basic
cognitive data from a homogeneous sample by controlling for the
infant’s age in months and mother’s parenting experience as much as
possible. However, this study has certain limitations. We only
employed crying as a stimulus and did not use other infant sounds. In
addition to crying, other means of infant communication include
laughter and babbling (Bowlby, 1969). While crying serves as a crucial
and immediate call for parental attention and can notably contribute
to parental stress, infants communicate through a diverse array of
vocalizations. This research was a preliminary attempt to measure
changes in cognitive biases towards infant vocalizations. To ensure
clarity and avoid an overly intricate experimental design, we limited
our study to the sound of infant crying. Furthermore, compared to
crying, which is present from birth, vocalizations like babbling and
laughter emerge later in development (Bowlby, 1969; Sroufe, 2005;
Pearson et al.,, 2013). Given the early stage of our assessment
(approximately 2 months postpartum), we were concerned that not all
participants would have experienced these sounds with their infants,
further justifying our focus on crying. Future studies that encompass
a broader spectrum of infant vocalizations could offer a more
comprehensive understanding of maternal attention and its
developmental trajectory. Additionally, our study scrutinized changes
at two distinct postpartum time points, specifically two and 8 months.
However, integrating additional time points might have led to
divergent outcomes. Notably, the frequency of infant crying reaches
its zenith during the initial one or 2months and then sees a gradual
decline (Barr, 1990; Vermillet et al., 2022). This pattern suggests that
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our study might capture a mother’s gradual habituation from the peak
crying period. Yet, the cognitive bias could be more pronounced and
perhaps even intensify when juxtaposing the immediate postpartum
phase (a mere one or 2 days after childbirth) with the subsequent one
or 2months. The trajectory of these changes could potentially deviate
from a linear pattern. Supporting this, Bilgin and Wolke (2020)
discerned evolving patterns in maternal reactions to infant cries. They
reported that the fraction of mothers seldom letting their infants cry
unabated reduced from 0 to 3 months but stabilized from 3 to
18 months. In contrast, mothers frequently permitting their infants to
cry saw little alteration from 0 to 6 months but experienced a surge
from 6 to 18 months. Moreover, certain factors might modulate the
trajectory of these changes. For instance, Hiraoka et al. (2021)
identified varied paths in caregivers’ perceptions regarding infant
crying, partly influenced by the infant’s inherent temperament,
specifically surgency. Neural responses to infant crying can change
depending on the mode of delivery and breastfeeding (Swain et al.,
2008; Kim et al., 2011), and postnatal interventions have been shown
to reduce parenting stress, leading to changes in brain functional
connectivity (Swain et al, 2017). In summation, the collective
evidence underscores that maternal reactions to infant cries do not
follow a uniform trajectory and may occasionally deviate from a
linear pattern. Future research endeavors would benefit immensely
from a comprehensive longitudinal approach, encompassing diverse
time points, varied determinants, and a more expansive participant
demographic. While this study employed the Stroop task, which
reflects inhibitory processes among various cognitive functions, the
results may vary, if different tasks are used. Various cognitive
functions are required to process an infant’s cry (Kim et al., 2016;
Swain and Ho, 2017). For instance, an infant’s cry can also inhibit
performance in N-back tasks that reflect working memory (Hechler
et al, 2015). Future research, by implementing multiple tasks
measuring various cognitive functions, could provide a deeper
understanding of which functions are inhibited or, in other words,
which functions are necessary to process an infant’s cry. Lastly, this
study did not fully control for potential confounding factors that
might influence the results. Factors like participants’ immediate
fatigue, sleep quality and duration, and hormonal levels are known to
affect responses to an infant’s crying (e.g., Kurth et al., 2011; Probst
etal, 2017; Voorthuis et al., 2019). Measuring and controlling these
factors in detail would allow for more robust analyses. Furthermore,
considering these factors not only reduces errors but also contributes
to uncovering underlying factors associated with caregivers’ responses
to crying. In future research, it will be essential to obtain these
psychological and physiological metrics and integrate them into the
analytical model.

The presented findings provide evidence that attentional bias
toward infant crying varies over time and that this bias reduces with
parenting experience. One interpretation of this result is that bias
toward infant crying reduced as mothers adapted to crying and their
processing became more automatic. The adaptive aspect of infants’
bias toward stimuli is also under discussion (Lucion et al., 2017;
Endendijk et al., 2018), and the adaptive nature of this change will also
require further study. To understand whether it is desirable to
maintain or reduce bias toward infant crying or, conversely, what is
occurring in individuals who increase it, more samples and time
points will be needed. Given that infant crying, while necessary for
infant survival, can be a trigger for parenting stress and child abuse,
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research on the process of adaptation to crying is clinically vital and
our study is expected to contribute to this area of research.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: https://osf.io/by5me/?view_only=1b3a69
f4d7884ed1902ff3afe5e57b55.

Ethics statement

The studies involving humans were approved by the Research
Ethics Committee of University of Fukui. The studies were conducted
in accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

DH conceived and designed the project, analyzed the data and
drafted the manuscript. MO, SM, and YY recruited the participants.
DH, NS, and KM performed the experiments and collected the data.
All authors revised the manuscript, contributed to the article, and
approved the submitted version.

References

Barr, R. G. (1990). The normal crying curve: what do we really know? Dev. Med. Child
Neurol. 32, 356-362. doi: 10.1111/j.1469-8749.1990.tb16949.x

Barrett, J., and Fleming, A. S. (2011). Annual research review: all mothers are not
created equal: neural and psychobiological perspectives on mothering and the
importance of individual differences. J. Child Psychol. Psychiatry 52, 368-397. doi:
10.1111/j.1469-7610.2010.02306.x

Beck, A. T. (2008). The evolution of the cognitive model of depression and its
neurobiological correlates. Am. J. Psychiatry 165, 969-977. doi: 10.1176/appi.
jp.2008.08050721

Bilgin, A., and Wolke, D. (2020). Parental use of “cry it out” in infants: no adverse
effects on attachment and behavioural development at 18 months. J. Child Psychol.
Psychiatry 61, 1184-1193. doi: 10.1111/jcpp.13223

Bowlby, J. (1969). “Attachment and loss” in Attachment. Attachment and loss, vol. 1
(New York: Basic Books).

Chang, R. S., and Thompson, N. S. (2011). Whines, cries, and motherese: their relative
power to distract. J. Soc. Evol. Cultur. Psychol.: JSEC 5, 131-141. doi: 10.1037/h0099270

Cox, J. L., Holden, J. M., and Sagovsky, R. (1987). Detection of postnatal depression.
Development of the 10-item Edinburgh postnatal depression scale. Br. J. Psychiatry J.
Ment. Sci. 150, 782-786. doi: 10.1192/bjp.150.6.782

Crouch, J. L., Davila, A. L., Holzman, J. B., Hiraoka, R., Rutledge, E., Bridgett, D. J.,
etal. (2021). Perceived executive functioning in parents at risk for child physical abuse.
J. Interpers. Violen. 36, 8874-8884. doi: 10.1177/0886260519851185

Crouch, J. L., McKay, E. R,, Lelakowska, G., Hiraoka, R., Rutledge, E., Bridgett, D. J.,
et al. (2018). Do emotion regulation difficulties explain the association between
executive functions and child physical abuse risk? Child Abuse Negl. 80, 99-107. doi:
10.1016/j.chiabu.2018.03.003

Decety, J., Norman, G. J., Berntson, G. G., and Cacioppo, J. T. (2012). A
neurobehavioral evolutionary perspective on the mechanisms underlying empathy. Prog.
Neurobiol. 98, 38-48. doi: 10.1016/j.pneurobio.2012.05.001

Disner, S. G., Beevers, C. G., Haigh, E. A. P, and Beck, A. T. (2011). Neural mechanisms
of the cognitive model of depression. Nat. Rev. Neurosci. 12, 467-477. doi: 10.1038/nrn3027

Doi, H., and Shinohara, K. (2012). Event-related potentials elicited in mothers by their
own and unfamiliar infants’ faces with crying and smiling expression. Neuropsychologia
50, 1297-1307. doi: 10.1016/j.neuropsychologia.2012.02.013

Frontiers in Behavioral Neuroscience

10.3389/fnbeh.2023.1192275

Funding

This work was supported by JSPS KAKENHI (20]J00270 and
21K13543).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnbeh.2023.1192275/
full#supplementary-material

Drummond, J. E., McBride, M. L., and Wiebe, C. E. (1993). The development of
mothers’ understanding of infant crying. Clin. Nurs. Res. 2, 396-410. doi:
10.1177/105477389300200403

Dudek, J., Faress, A., Bornstein, M. H., and Haley, D. W. (2016). Infant cries rattle
adult cognition. PLoS One 11:¢0154283. doi: 10.1371/journal.pone.0154283

Endendijk, J. J., Spencer, H., Baar, A. L.van, and Bos, P. A. (2018). Mothers’ neural
responses to infant faces are associated with activation of the maternal care system and
observed intrusiveness with their own child. Cogn. Affect. Behav. Neurosci. 18, 609-621.
doi: 10.3758/s13415-018-0592-6

Fujiwara, T., Barr, R. G., Brant, R., and Barr, M. (2011). Infant distress at five weeks
of age and caregiver frustration. J. Pediatr. 159, 425-430.e2. doi: 10.1016/j.
jpeds.2011.02.010

Glocker, M. L., Langleben, D. D., Ruparel, K., Loughead, J. W,, Gur, R. C,, and
Sachser, N. (2009). Baby schema in infant faces induces cuteness perception and
motivation for caretaking in adults. Ethol. former. Zeitschrift fur Tierpsychologie 115,
257-263. doi: 10.1111/j.1439-0310.2008.01603.x

Guo, C., Moses-Kolko, E., Phillips, M., Swain, J. E., and Hipwell, A. E. (2018). Severity
of anxiety moderates the association between neural circuits and maternal behaviors in
the postpartum period. Cogn. Affect. Behav. Neurosci. 18, 426-436. doi: 10.3758/
s13415-017-0516-x

Hammar, A, Serensen, L., Ardal, G., Oedegaard, K. J., Kroken, R., Roness, A., et al.
(2010). Enduring cognitive dysfunction in unipolar major depression: a test-retest study
using the stroop paradigm. Scand. J. Psychol. 51, 304-308. doi:
10.1111/j.1467-9450.2009.00765.x

Hechler, C., Beijers, R., and de Weerth, C. (2015). Young adults’ reactions to infant
crying. Infant Behav. Dev. 38, 41-48. doi: 10.1016/j.infbeh.2014.12.006

Hipwell, A. E., Guo, C., Phillips, M. L., Swain, J. E., and Moses-Kolko, E. L. (2015).
Right frontoinsular cortex and subcortical activity to infant cry is associated with
maternal mental state talk. J. Newrosci. 35, 12725-12732. doi: 10.1523/
JNEUROSCI.1286-15.2015

Hiraoka, D., and Nomura, M. (2016). The influence of cognitive load on empathy and
intention in response to infant crying. Sci. Rep. 6:28247. doi: 10.1038/srep28247

Hiraoka, D., Nomura, M., and Kato, M. (2021). Longitudinal study of maternal beliefs
about infant crying during the postpartum period: interplay with infant’s temperament.
Front. Psychol. 12:786391. doi: 10.3389/fpsyg.2021.786391

frontiersin.org


https://doi.org/10.3389/fnbeh.2023.1192275
https://www.frontiersin.org/behavioral-neuroscience
https://www.frontiersin.org
https://osf.io/by5me/?view_only=1b3a69f4d7884ed1902ff3afe5e57b55
https://osf.io/by5me/?view_only=1b3a69f4d7884ed1902ff3afe5e57b55
https://www.frontiersin.org/articles/10.3389/fnbeh.2023.1192275/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnbeh.2023.1192275/full#supplementary-material
https://doi.org/10.1111/j.1469-8749.1990.tb16949.x
https://doi.org/10.1111/j.1469-7610.2010.02306.x
https://doi.org/10.1176/appi.ajp.2008.08050721
https://doi.org/10.1176/appi.ajp.2008.08050721
https://doi.org/10.1111/jcpp.13223
https://doi.org/10.1037/h0099270
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1177/0886260519851185
https://doi.org/10.1016/j.chiabu.2018.03.003
https://doi.org/10.1016/j.pneurobio.2012.05.001
https://doi.org/10.1038/nrn3027
https://doi.org/10.1016/j.neuropsychologia.2012.02.013
https://doi.org/10.1177/105477389300200403
https://doi.org/10.1371/journal.pone.0154283
https://doi.org/10.3758/s13415-018-0592-6
https://doi.org/10.1016/j.jpeds.2011.02.010
https://doi.org/10.1016/j.jpeds.2011.02.010
https://doi.org/10.1111/j.1439-0310.2008.01603.x
https://doi.org/10.3758/s13415-017-0516-x
https://doi.org/10.3758/s13415-017-0516-x
https://doi.org/10.1111/j.1467-9450.2009.00765.x
https://doi.org/10.1016/j.infbeh.2014.12.006
https://doi.org/10.1523/JNEUROSCI.1286-15.2015
https://doi.org/10.1523/JNEUROSCI.1286-15.2015
https://doi.org/10.1038/srep28247
https://doi.org/10.3389/fpsyg.2021.786391

Hiraoka et al.

Ho, S. S., and Swain, J. E. (2017). Depression alters maternal extended amygdala
response and functional connectivity during distress signals in attachment relationship.
Behav. Brain Res. 325, 290-296. doi: 10.1016/j.bbr.2017.02.045

Hoekzema, E., Barba-Miiller, E., Pozzobon, C., Picado, M., Lucco, E, Garcia-Garcia, D.,
et al. (2017). Pregnancy leads to long-lasting changes in human brain structure. Nat.
Neurosci. 20, 287-296. doi: 10.1038/nn.4458

Hoekzema, E., Tamnes, C. K., Berns, P.,, Barba-Miiller, E., Pozzobon, C., Picado, M.,
et al. (2020). Becoming a mother entails anatomical changes in the ventral striatum of
the human brain that facilitate its responsiveness to offspring cues.
Psychoneuroendocrinology 112:104507. doi: 10.1016/j.psyneuen.2019.104507

Kim, P, Feldman, R., Mayes, L. C., Eicher, V., Thompson, N., Leckman, J. E, et al.
(2011). Breastfeeding, brain activation to own infant cry, and maternal sensitivity. J.
Child Psychol. Psychiatry 52, 907-915. doi: 10.1111/§.1469-7610.2011.02406.x

Kim, P,, Leckman, J. E,, Mayes, L. C., Feldman, R., Wang, X., and Swain, J. E. (2010).
The plasticity of human maternal brain: longitudinal changes in brain anatomy
during the early postpartum period. Behav. Neurosci. 124, 695-700. doi: 10.1037/
20020884

Kim, P, Strathearn, L., and Swain, J. E. (2016). The maternal brain and its plasticity in
humans. Horm. Behav. 77, 113-123. doi: 10.1016/j.yhbeh.2015.08.001

Kinsey, C. B., and Hupcey, J. E. (2013). State of the science of maternal-infant
bonding: a principle-based concept analysis. Midwifery 29, 1314-1320. doi: 10.1016/j.
midw.2012.12.019

Kurth, E., Kennedy, H. P, Spichiger, E., Hosli, I., and Zemp Stutz, E. (2011). Crying
babies, tired mothers: what do we know? A systematic review. Midwifery 27, 187-194.
doi: 10.1016/j.midw.2009.05.012

Kurth, E., Kennedy, H. P, Zemp Stutz, E., Kesselring, A., Fornaro, I, and Spichiger, E.
(2014). Responding to a crying infant - you do not learn it overnight: a phenomenological
study. Midwifery 30, 742-749. doi: 10.1016/j.midw.2013.06.017

Kuznetsova, A., Brockhoff, P. B., and Christensen, R. H. B. (2017). ImerTest package:
tests in linear mixed effects models. J. Stat. Softw. 82, 1-26. doi: 10.18637/jss.v082.i13

Lee, C,, Barr, R. G., Catherine, N., and Wicks, A. (2007). Age-related incidence of
publicly reported shaken baby syndrome cases: is crying a trigger for shaking? J. Develop.
Behav. Pediatrics: JDBP 28, 288-293. doi: 10.1097/DBP.0b013e3180327b55

Lenth, R. V. (2022). Emmeans: Estimated marginal means, aka least-squares means.

Leys, C., Ley, C,, Klein, O., Bernard, P, and Licata, L. (2013). Detecting outliers: do
not use standard deviation around the mean, use absolute deviation around the median.
J. Exp. Soc. Psychol. 49, 764-766. doi: 10.1016/j.jesp.2013.03.013

Li, T., Horta, M., Mascaro, J. S., Bijanki, K., Arnal, L. H., Adams, M., et al. (2018).
Explaining individual variation in paternal brain responses to infant cries. Physiol.
Behav. 193, 43-54. doi: 10.1016/j.physbeh.2017.12.033

Lin, H. C,, and McFatter, R. (2012). Empathy and distress: two distinct but related
emotions in response to infant crying. Infant Behav. Dev. 35, 887-897. doi: 10.1016/j.
infbeh.2012.08.001

Lucion, M. K., Oliveira, V., Bizarro, L., Bischoff, A. R,, Silveira, P. P,, and Kauer-Sant’
Anna, M. (2017). Attentional bias toward infant faces - review of the adaptive and
clinical relevance. Int. J. Psychophysiol.: Official J. Int. Organ. Psychophysiol. 114, 1-8. doi:
10.1016/j.ijpsycho.2017.01.008

Liidecke, D., Ben-Shachar, M., Patil, I., Waggoner, P, and Makowski, D. (2021).
Performance: an R package for assessment, comparison and testing of statistical models.
J. Open Source Software 6:3139. doi: 10.21105/j0ss.03139

Luders, E., Kurth, E, Gingnell, M., Engman, J., Yong, E. L., Poromaa, I. S, et al.
(2020). From baby brain to mommy brain: widespread gray matter gain after giving
birth. Cortex; J. devot. Study Nerv. Sys. Behav. 126, 334-342. doi: 10.1016/].
cortex.2019.12.029

Noriuchi, M., Kikuchi, Y., and Senoo, A. (2008). The functional neuroanatomy of
maternal love: Mother’s response to infant’s attachment behaviors. Biol. Psychiatry 63,
415-423. doi: 10.1016/j.biopsych.2007.05.018

Numan, M. (2020). “The parental brain in humans” in The parental brain: mechanisms,
development, and evolution (Oxford: Oxford University Press), 229-278.

Numan, M., and Young, L. J. (2016). Neural mechanisms of mother-infant bonding
and pair bonding: similarities, differences, and broader implications. Horm. Behav. 77,
98-112. doi: 10.1016/j.yhbeh.2015.05.015

Oliveira, V., Goulart, M., Nobre, J. C., Lucion, M. K,, Silveira, P. P, and Bizarro, L.
(2017). Emotional interference of baby and adult faces on automatic attention in
parenthood. Psychol. Neurosci. 10, 144-153. doi: 10.1037/pne0000085

Orchard, E. R., Rutherford, H. J. V.,, Holmes, A. J., and Jamadar, S. D. (2023).
Matrescence: lifetime impact of motherhood on cognition and the brain. Trends Cogn.
Sci. 27, 302-316. doi: 10.1016/j.tics.2022.12.002

Out, D., Pieper, S., Bakermans-Kranenburg, M. J., Zeskind, P. S., and van
IJzendoorn, M. H. (2010). Intended sensitive and harsh caregiving responses to infant
crying: the role of cry pitch and perceived urgency in an adult twin sample. Child Abuse
Negl. 34, 863-873. doi: 10.1016/j.chiabu.2010.05.003

Parsons, C. E., Young, K. S., Parsons, E., Stein, A., and Kringelbach, M. L. (2012).
Listening to infant distress vocalizations enhances effortful motor performance. Acta
Paediat., Int. ]. Paediatrics 101, e189-e191. doi: 10.1111/j.1651-2227.2011.02554.x

Frontiers in Behavioral Neuroscience

11

10.3389/fnbeh.2023.1192275

Pearson, R. M., Cooper, R. M., Penton-Voak, I. S., Lightman, S. L., and Evans, J.
(2010). Depressive symptoms in early pregnancy disrupt attentional processing of infant
emotion. Psychol. Med. 40, 621-631. doi: 10.1017/S0033291709990961

Pearson, R. M, Lightman, S. L., and Evans, J. (2011). Attentional processing of infant
emotion during late pregnancy and mother-infant relations after birth. Arch. Womens
Ment. Health 14, 23-31. doi: 10.1007/s00737-010-0180-4

Pearson, R. M., O’'Mahen, H., Burns, A., Bennert, K., Shepherd, C., Baxter, H., et al.
(2013). The normalisation of disrupted attentional processing of infant distress in
depressed pregnant women following cognitive behavioural therapy. J. Affect. Disord.
145, 208-213. doi: 10.1016/j.jad.2012.07.033

Probst, F, Meng-Hentschel, J., Golle, J., Stucki, S., Akyildiz-Kunz, C., and
Lobmaier, J. S. (2017). Do women tend while men fight or flee? Differential emotive
reactions of stressed men and women while viewing newborn infants.
Psychoneuroendocrinology 75, 213-221. doi: 10.1016/j.psyneuen.2016.11.005

Rameson, L. T., Morelli, S. A., and Lieberman, M. D. (2012). The neural correlates of
empathy: experience, automaticity, and prosocial behavior. J. Cogn. Neurosci. 24,
235-245. doi: 10.1162/jocn\_a\_00130

Rilling, J. K. (2013). The neural and hormonal bases of human parentalcare.
Neuropsychologia 51, 731-747. doi: 10.1016/j.neuropsychologia.2012.12.017

Roux, E, Armstrong, B. C., and Carreiras, M. (2017). Chronset: an automated tool for
detecting speech onset. Behav. Res. Methods 49, 1864-1881. doi: 10.3758/
513428-016-0830-1

Rutherford, H. J. V., Wallace, N. S., Laurent, H. K., and Mayes, L. C. (2015). Emotion
regulation in parenthood. Develop. Rev. 36, 1-14. doi: 10.1016/j.dr.2014.12.008

Soltis, J. (2004). The signal functions of early infant crying. Behav. Brain Sci. 27,
443-458. doi: 10.1017/s0140525x0400010x

Spunt, R. P, and Lieberman, M. D. (2013). The busy social brain: evidence for
automaticity and control in the neural systems supporting social cognition and action
understanding. Psychol. Sci. 24, 80-86. doi: 10.1177/0956797612450884

Sroufe, L. A. (2005). Attachment and development: a prospective, longitudinal study
from birth to adulthood. Attach Hum. Dev. 7, 349-367. doi: 10.1080/14616730500365928

Swain, J. E. (2011). The human parental brain: in vivo neuroimaging. Prog. Neuro-
Psychopharmacol. Biol. Psychiatry 35, 1242-1254. doi: 10.1016/j.pnpbp.2010.10.017

Swain, J. E,, and Ho, S. H. S. (2017). Neuroendocrine mechanisms for parental
sensitivity: overview, recent advances and future directions. Curr. Opin. Psychol. 15,
105-110. doi: 10.1016/j.copsyc.2017.02.027

Swain, J. E., Shaun Ho, S., Rosenblum, K. L., Morelen, D., Dayton, C. J., and Muzik, M.
(2017). Parent-child intervention decreases stress and increases maternal brain activity
and connectivity during own baby-cry: an exploratory study. Dev. Psychopathol. 29,
535-553. doi: 10.1017/50954579417000165

Swain, J. E., Tasgin, E., Mayes, L. C., Feldman, R., Constable, R. T., and Leckman, J. E.
(2008). Maternal brain response to own baby-cry is affected by cesarean section delivery.
J. Child Psychol. Psychiatry 49, 1042-1052. doi: 10.1111/.1469-7610.2008.01963.x

Thompson-Booth, C., Viding, E., Mayes, L. C., Rutherford, H. J. V., Hodsoll, S., and
McCrory, E. (2014a). I can’'t take my eyes off of you: attentional allocation to infant,
child, adolescent and adult faces in mothers and non-mothers. PLoS One 9:¢109362. doi:
10.1371/journal.pone.0109362

Thompson-Booth, C., Viding, E., Mayes, L. C., Rutherford, H. J. V., Hodsoll, S., and
Mccrory, E. J. (2014b). Here’s looking at you, kid: attention to infant emotional faces in
mothers and non-mothers. Dev. Sci. 17, 35-46. doi: 10.1111/desc.12090

Vermillet, A.-Q., Tolbell, K., Litsis Mizan, S., Skewes, C. J., and Parsons, C. E. (2022).
Crying in the first 12 months of life: a systematic review and meta-analysis of cross-
country parent-reported data and modeling of the “cry curve”. Child Dev. 93, 1201-1222.
doi: 10.1111/cdev.13760

Voorthuis, A., Bakermans-Kranenburg, M. ], and van IJzendoorn, M. H. (2019).
Testosterone reactivity to infant crying and caregiving in women: the role of oral
contraceptives and basal cortisol. Infant Behav. Dev. 56:101191. doi: 10.1016/j.
infbeh.2017.08.002

Winnicott, D. W. (1956). “Primary maternal preoccupation” in The maternal lineage:
Identification, desire, and transgenerational issues. Basic Books. ed. D. W. Mariotti, 300-5.

Witteman, J., Van IJzendoorn, M. H,, Rilling, J. K., Bos, P. A., Schiller, N. O., and
Bakermans-Kranenburg, M. J. (2019). Towards a neural model of infant cry perception.
Neurosci. Biobehav. Rev. 99, 23-32. doi: 10.1016/j.neubiorev.2019.01.026

‘Workman, J. L., Barha, C. K., and Galea, L. A. M. (2012). Endocrine substrates of
cognitive and affective changes during pregnancy and postpartum. Behav. Neurosci. 126,
54-72. doi: 10.1037/a0025538

Young, K. S., Parsons, C. E,, Stein, A., and Kringelbach, M. L. (2015). Motion and
emotion: depression reduces psychomotor performance and alters affective movements
in caregiving interactions. Front. Behav. Neurosci. 9, 1-10. doi: 10.3389/fnbeh.2015.00026

Yu, C. L., and Chou, T. L. (2018). A dual route model of empathy: a neurobiological
prospective. Front. Psychol. 9, 1-5. doi: 10.3389/fpsyg.2018.02212

Yu, M., Li, H,, Xu, D. R,, Wu, Y,, Liu, H., and Gong, W. (2020). Trajectories of perinatal
depressive symptoms from early pregnancy to six weeks postpartum and their risk
factors—a longitudinal study. J. Affect. Disord. 275, 149-156. doi: 10.1016/j.
jad.2020.07.005

frontiersin.org


https://doi.org/10.3389/fnbeh.2023.1192275
https://www.frontiersin.org/behavioral-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.bbr.2017.02.045
https://doi.org/10.1038/nn.4458
https://doi.org/10.1016/j.psyneuen.2019.104507
https://doi.org/10.1111/j.1469-7610.2011.02406.x
https://doi.org/10.1037/a0020884
https://doi.org/10.1037/a0020884
https://doi.org/10.1016/j.yhbeh.2015.08.001
https://doi.org/10.1016/j.midw.2012.12.019
https://doi.org/10.1016/j.midw.2012.12.019
https://doi.org/10.1016/j.midw.2009.05.012
https://doi.org/10.1016/j.midw.2013.06.017
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.1097/DBP.0b013e3180327b55
https://doi.org/10.1016/j.jesp.2013.03.013
https://doi.org/10.1016/j.physbeh.2017.12.033
https://doi.org/10.1016/j.infbeh.2012.08.001
https://doi.org/10.1016/j.infbeh.2012.08.001
https://doi.org/10.1016/j.ijpsycho.2017.01.008
https://doi.org/10.21105/joss.03139
https://doi.org/10.1016/j.cortex.2019.12.029
https://doi.org/10.1016/j.cortex.2019.12.029
https://doi.org/10.1016/j.biopsych.2007.05.018
https://doi.org/10.1016/j.yhbeh.2015.05.015
https://doi.org/10.1037/pne0000085
https://doi.org/10.1016/j.tics.2022.12.002
https://doi.org/10.1016/j.chiabu.2010.05.003
https://doi.org/10.1111/j.1651-2227.2011.02554.x
https://doi.org/10.1017/S0033291709990961
https://doi.org/10.1007/s00737-010-0180-4
https://doi.org/10.1016/j.jad.2012.07.033
https://doi.org/10.1016/j.psyneuen.2016.11.005
https://doi.org/10.1162/jocn\_a\_00130
https://doi.org/10.1016/j.neuropsychologia.2012.12.017
https://doi.org/10.3758/s13428-016-0830-1
https://doi.org/10.3758/s13428-016-0830-1
https://doi.org/10.1016/j.dr.2014.12.008
https://doi.org/10.1017/s0140525x0400010x
https://doi.org/10.1177/0956797612450884
https://doi.org/10.1080/14616730500365928
https://doi.org/10.1016/j.pnpbp.2010.10.017
https://doi.org/10.1016/j.copsyc.2017.02.027
https://doi.org/10.1017/S0954579417000165
https://doi.org/10.1111/j.1469-7610.2008.01963.x
https://doi.org/10.1371/journal.pone.0109362
https://doi.org/10.1111/desc.12090
https://doi.org/10.1111/cdev.13760
https://doi.org/10.1016/j.infbeh.2017.08.002
https://doi.org/10.1016/j.infbeh.2017.08.002
https://doi.org/10.1016/j.neubiorev.2019.01.026
https://doi.org/10.1037/a0025538
https://doi.org/10.3389/fnbeh.2015.00026
https://doi.org/10.3389/fpsyg.2018.02212
https://doi.org/10.1016/j.jad.2020.07.005
https://doi.org/10.1016/j.jad.2020.07.005

Hiraoka et al. 10.3389/fnbeh.2023.1192275

Zeifman, D. M. (2004). Acoustic features of infant crying related to intended Zeskind, P. S., and Lester, B. M. (1978). Acoustic features and auditory perceptions of
caregiving intervention. Infant Child Dev. 13, 111-122. doi: 10.1002/icd. the cries of newborns with prenatal and perinatal complications. Child Dev. 49, 580-589.
344 doi: 10.2307/1128224

Frontiers in Behavioral Neuroscience 12 frontiersin.org


https://doi.org/10.3389/fnbeh.2023.1192275
https://www.frontiersin.org/behavioral-neuroscience
https://www.frontiersin.org
https://doi.org/10.1002/icd.344
https://doi.org/10.1002/icd.344
https://doi.org/10.2307/1128224

	Longitudinal changes in attention bias to infant crying in primiparous mothers
	Introduction
	Aim and hypotheses

	Materials and methods
	Participants
	Procedure
	Stroop task
	Questionnaire
	Statistical analysis

	Results
	Response time
	Error rate
	Association of attentional biases and with subjective ratings for crying and postpartum depression symptoms

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

