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Abstract

The present study examined frontal electroencephalography (EEG) asymmetry and

negative affectivity (NA) as predictors of infant behaviors during the Still-Face

Paradigm (SFP). It was hypothesized that infants with lower NA subscale scores who

also demonstrate greater left frontal activation would exhibit more frequent social

engagement and self-soothing behaviors during the SFP.Mothers reported infant tem-

perament at 6–12months of age (N=62), and EEGwas recorded during a baseline task

and the SFP. Social engagement, distress, and self-soothing behaviors were coded dur-

ing the SFP. A three-factor solution emerged based on exploratory factor analysis of

eight infant behaviors. After considering bivariate relations, multiple regression analy-

ses predicting the behavior factor labeled social engagement (containing vocalizations

andhandwaving; average factor loading= .56)were conducted separately for asymme-

try and NA subscales, controlling for infant sex and age. The SFP asymmetry predicted

social engagement after controlling for covariates and baseline asymmetry; however,

NA subscales (falling reactivity and distress to limitations) did not uniquely explain sig-

nificant variance. These findings highlight the importance of frontal EEG asymmetry

in contributing to emerging social engagement and regulation in infancy. Implications

include potentially utilizing asymmetry markers as screening and intervention targets

in the first year of life.
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1 INTRODUCTION

1.1 Infant regulatory and social engagement
behaviors

Advanced early emotion regulation behaviors predict higher academic

achievement in kindergarten (Harrington et al., 2020) and are asso-

ciated with peer popularity (Blankson et al., 2017), resilience (Terra-

nova et al., 2015), and a reduced risk of conduct and behavioral prob-

lems (Degnan et al., 2014). Difficulties with emotion regulation lead

to increased risk of internalizing symptoms (i.e., depression and anx-

iety; Shapero & Steinberg, 2013), lower social competence (Penela

et al., 2015), and externalizing problems (i.e., conduct difficulties and

hyperactivity; Halligan et al., 2013). Infant emotion regulation is asso-

ciated with later self-regulation and executive functioning (Frick et al.,

2018).

Emotion regulation emerges in infancy as attention and inhibitory

motor control come online (Toda & Fogel, 1993). Infants as young

as 3 months of age begin to alter behavior in response to environ-

mental inputs (e.g., reaching and grasping; Kopp, 1989) and demon-

strate self-soothing motor behaviors (e.g., thumb sucking or repetitive

self-manipulation; Braungart-Rieker et al., 1998; Zimmer-Gembeck

& Skinner, 2016). Infant behaviors utilizing motor control can also

manifest as social referencing by reaching for mother, withdrawal
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(e.g., turning away from an alarming stimulus), and self-distractionwith

objects (e.g., playingwith a toy; Gross& Jazaieri, 2014;Wuet al., 2017).

Notably, emotion regulation research has primarily focused on atten-

tion capacity in infancy largely neglecting other infant self-soothing

behaviors and social engagement serving a regulatory function (Perry

et al., 2016).

Infant social engagement skills enable individuals to enter, form, and

maintain social ties and are the foundation for social adaptation and

the capacity for intimacy throughout life (Feldman et al., 2009). Social

engagement strategies are also critical to meeting personal needs and

reducing infant distress. Beginning at birth, early social engagement

includes a preference for the human face and a selective response

to social contingencies (Feldman & Eidelman, 2007; Tarabulsy et al.,

1996). Specifically, infant gaze maintenance, joint attention, and

vocalizations represent tools for social engagement signaling parents

that typically elicit adult responses (Symons & Moran, 1987). Prelin-

guistic vocalizations and resulting parent–child interactive patterns

inform the capability for dyadic interactions and coregulation. Early

social engagement strategies have been considered in the context of

maternal depression and anxiety, where increased symptoms predict

a reduced frequency of social behaviors (Feldman & Eidelman, 2009).

However, social engagement has not been sufficiently studied in

tandemwith other regulation-related behaviors, or in association with

infant temperament and brain activity.

Infant social engagement and regulatory capacity have been

assessed via laboratory procedures, most commonly the Still-Face

Paradigm (SFP; Adamson & Frick, 2003; Barbosa et al., 2019; Mesman

et al., 2009). The SFPwas designed by Tronick and colleagues (1978) to

capture an infant’s contributions to social interactions. The SFP evokes

infant reactivity in response to their caregiver’s emotional unavailabil-

ity (i.e., mother displaying flat facial expression; Haley & Stansbury,

2003; Tronick et al., 1978). This violation of parent–child interac-

tion expectations challenges early regulatory capacity, including

self-soothing and social engagement. Infants have responded to this

task by averting their gaze from the caregiver, smiling less, and display-

ing overall increased negative affect/crying, as well as frustration or

anger (Graham et al., 2018; Kogan & Carter, 1996). Sustained negative

responses indicate poor self-regulation (Tronick et al., 1978; Yaari

et al., 2018) and are stable over time (Mesman et al., 2009), predicting

externalizing and internalizing difficulties (e.g., Bosquet Enlow et al.,

2011; Zimmer-Gembeck & Skinner, 2016). Thus, a goal of the current

study was to examine infant behaviors during this task to support the

early identification and prevention of social and regulation-related

difficulties.

1.2 Negative affectivity

Temperament represents biologically based and environmentally

informed individual differences in reactivity and regulation (Rothbart

&Derryberry, 1981). Negative affectivity (NA) is themost widely stud-

ied temperament domain, linked with emotional and behavioral out-

comes (Kozlova et al., 2019; Lipscomb et al., 2017; Trofimova & Sulis,

2018). This construct reflects susceptibility to distress, discomfort,

fear, frustration, sadness, and a lack of soothability.

Distress-related attributes “come online” first and set the stage for

developing self-regulation and resulting behavior strategies (Cole et al.,

2019; Derryberry & Rothbart, 1997). Infant NA has been associated

primarily with regulation deficits (e.g., utilizing fewer emotion regula-

tion behaviors; Braungart-rieker & Stifter, 1994; Zimmer-Gembeck &

Skinner, 2016). Infants high in NA utilized fewer attentional regulation

and more avoidance behaviors (Thomas et al., 2017) and experience

greater difficulties with socioemotional competence (Calkins, 1998).

Fine-grained dimensions of NA were shown to have differential pre-

dictive utility insofar as fear and sadness made more substantial con-

tributions to internalizing difficulties, whereas anger and frustration

were related primarily to externalizing problems (Lengua, 2006; Old-

ehinkel et al., 2004; Nigg, 2006). Although fearful children were better

able to suppress a prohibited behavior (Kochanska et al., 2000), anger

and frustration have been linked to regulation deficits (Calkins et al.,

2002). Thus, further study of NA components is essential to enhance

our understanding of emerging regulation in infancy.

1.3 EEG

Frontal electroencephalography (EEG) asymmetry informs neurophys-

iological foundations of infant temperament (Fox, 1994). This asym-

metry is based on the discrepancy between frontal alpha power val-

ues/activation linked to approach/withdrawal emotions and motiva-

tion. Specifically, greater relative left activation is associated with

approach behaviors and preference for novel stimuli, whereas greater

relative right activation is linked with avoidance and negative affect

(Crespo-Llado et al., 2018; Davidson & Fox, 1989).

Greater right frontal activation was demonstrated in infants who

cried more when separated from their mothers (Davidson & Fox,

1989). When 8-month-old infants watched videos of peers crying and

laughing, those who looked longer at the laughing child demonstrated

greater left frontal EEG asymmetry (Crespo-Llado et al., 2018; David-

son & Fox, 1989). Infants with left frontal asymmetry were also more

likely to approach their peers. In older children, EEG asymmetry was

linked to internalizing and externalizing problems (Liu & Bell, 2020).

Infant social engagement, like increased vocalizations, have been

considered during the SFP (Goldstein et al., 2009); however, not in con-

cert with other regulatory behaviors (e.g., self-soothing), or distress,

and not as a function of temperament or brain activity (Franklin et al.,

2015).

The majority of research measuring neural activity via EEG does

so during a baseline state, not in the context of a social encounter

designed to challenge emerging regulation by inducing mild stress

(St. John et al., 2016). Frontal EEG asymmetry recorded during base-

line is interpreted as a dispositional tendency toward approach ver-

sus avoidance (Coan et al., 2006). In contrast to this traditional trait

approach, the capability model emphasizes dynamic responses and

focuses on approach versus withdrawal processing and responses dur-

ing emotion-eliciting tasks, as indexed by frontal alpha asymmetry
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(Reznik & Allen, 2018). Measurement of brain activity in response to

a mildly stressful social context informs our understanding of regula-

tion and social-emotional development more broadly. Assessing infant

brain activity is particularly critical as this point in development is foun-

dational with respect to later regulatory capacity, more advanced in

its flexibility and the attentional networks involved (Page et al., 2010;

Posner et al., 2012). The capabilitymodel of alpha asymmetry has been

understudied relative to its dispositional counterpart, especially in the

context of a socially stressful task, andwith respect to regulationdevel-

opment.

The present study aims to examine frontal alpha asymmetry, an

established correlate of temperament, during the SFP in line with the

capability model, predicting infant regulatory behaviors including self-

soothing and social engagement.

1.4 The present study

The overarching goal of this study was to evaluate temperamental

negative emotionality and frontal alpha asymmetry as predictors of

regulation-related behaviors. The present study addresses a critical

gap in research by examining how NA components and EEG asymme-

try contribute to infant regulatory behaviors during the SFP, including

self-soothing, social engagement, aswell as distress – the object of reg-

ulation. Itwashypothesized that infants scoring loweronNAscales and

demonstrating greater left frontal activation would exhibit lower dis-

tress and more frequent social engagement and self-soothing behav-

iors during the SFP.

2 METHODS

2.1 Participants

This study was approved by the Institutional Review Board of Wash-

ington State University and consent was obtained from each partici-

pant. Mothers with infants 6–12 months of age (N = 62; males = 28,

females = 34) were recruited via Facebook advertisements and local

birth centers/parent-infant programs in two InlandNorthwest commu-

nities. Children with significant medical or birth complications, includ-

ing infants identified as born preterm (<37 weeks of gestation) and

those with developmental delays/disabilities, were excluded as such

conditionswere expected to result in altered patterns of social engage-

ment and regulation development. Families involved in this study were

primarilyWhite (90%), with a number of Asian/Asian-American (3.3%),

Latinx (1.7%), Native American (1.7%), and multiracial (3.3%) partic-

ipants. Mothers were typically married (90.9%), between 21 and 42

years of age (28.72 years, SD = 4.64 years), and well educated (M =

16.01 years, SD = 2.04 years) with a family income above $30,001

(81.1%). A number of mothers (24%) identified their occupation as

“stay-at-home” at the time of the evaluation, with the remainder of the

sample reporting a variety of occupations (e.g., insurance agent, librar-

ian, physical therapist).

2.2 Procedures and measures

2.2.1 The Still-Face Paradigm

The SFP (Tronick et al., 1978) begins with the experimenter instruct-

ing the mother to play with her infant utilizing stacking cups for 2 min.

Following this, the mother is asked to display a still face (i.e., emotion-

less, flat facial expression) for an equivalent duration (or until 15 s of

hard crying), refraining from any communication with the infant. The

SFPwas then followed by a 2-min reunion sequence and repeated. The

task endedwith another 2-min reunion to reduce infant distress.

2.2.2 Behavioral coding

Infant behavior categorieswere developed based on existing literature

(e.g., Fogel, 1982; Hornik & Gunnar, 1988) and observations of infants

in the study, with infant self-soothing and social engagement strategies

including the following behaviors: handwaving, kicking feet, looking to

mother, banging on the table, playing with cups, hand/object to mouth,

and vocalizations. Distress manifested during the task was also coded

and considered in analyses because of inherent links to regulatory

behaviors, implemented tomodulate reactivity. Infant behavior ratings

were assigned during the second phase of the SFP, expected to bemore

challenging in terms of demands for infant emotion regulation (Haley

& Stansbury, 2003). Infant behavior was coded from the video as being

present or absent every 10 s throughout the episode, for a total of 12

codes across a 2-min task. The number of different self-soothing and

socially engaging behaviors summed across epochs formed composites

for further analyses. Distress was operationalized to include bodily

tension, facial affect signaling distress, whining/fussing/crying, escape

behaviors (e.g., turning/twisting, leaning, or looking away; sinking into

chair) andwas also coded as present or absent during the second phase

of the SFP and summed across epochs, similar to regulation-related

behaviors. Interrater reliability was evaluated for independently rated

training cases (20%), with intraclass correlations (ICCs) above .60

deemed acceptable, as in prior research (e.g., Gartstein et al., 2017;

Hallgren, 2012).

2.2.3 The Infant Behavior Questionnaire-Revised

This parent-reportmeasure of temperamentwas developed for infants

between 3 and 12 months of age (Gartstein & Rothbart, 2003). The

Infant Behavior Questionnaire-Revised (IBQ-R) contains 191 items,

yielding 14 scales shown to form three overarching factors. Reliability

of the IBQ-R has been supported for mothers and fathers, as well as

samples fromdifferent cultures, with Cronbach’s α values ranging from
.77 to .96 (Gartstein et al., 2003, 2005; Parade & Leerkes, 2008). Fur-

thermore, evidence supports predictive and construct validity (Gart-

stein et al., 2010; Gartstein &Marmion, 2008).

The IBQ-R NA and its subscales components (i.e., fear, distress to

limitations, sadness, and negatively loading falling reactivity) were uti-

lized as infant temperament predictors in this study.
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2.2.4 EEG recording

An EEG cap (Cortech Solutions, Inc., Wilmington, NC) was placed on

the infant’s headwhile seated in a highchair. After the cap’s placement,

small amounts of electro-conductive gel were administered to each

site. Individual “pin-type” electrodes (BioSemiCortech Solutions, Inc.,

Wilmington, NC) were then connected to each corresponding site. The

EEG data was collected via the BioSemi Active Two amplifiers and ini-

tial screening via the BioSemi acquisition software at a sampling rate of

256Hz. The EEGwas referenced to Cz online.

Baseline EEG was recorded for ∼60 s while infants watched a Baby

EinsteinBabyMozart video,wherein colorfulmoving shapes are shown

as classical music plays. The duration of EEG recording and the stim-

uli are consistent with existing infant baseline EEG studies (Bell, 2001;

Morasch & Bell, 2011). Mothers were instructed to limit interactions

to only directing their infants’ attention to the screen when necessary.

EEGwas then recordedduring theSFP.Baseline and components of the

SFPprocedurewere time locked to theEEG recording via E-Prime soft-

ware (Psychology Software Tools, Inc.), preprogrammed to transmit

triggers initiated by specific keyboard presses into the EEG acquisition

software. That is, E-Prime relayed triggers into the BioSemi acquisition

software and marked each task’s beginning and endpoints. All E-Prime

triggers were assigned unique numerical values, allowing baseline and

second the SFP episode data to be extracted for further processing.

2.2.5 EEG processing

EEG data were processed inMatlab using EEGLAB. Specifically, a high-

pass filter at 1 Hz and a notch filter at 60 Hz were applied. Exces-

sively noisy electrodes were removed and interpolated, and the EEG

data were then rereferenced to the average. The continuous EEG was

divided into 1 s epochs with 50% overlap. Epochs were rejected if

the absolute voltage of any electrode exceeded 100 µV for more than

100ms. Time-frequency decompositionwas performed on the remain-

ing epochs using fast Fourier transformation with a 1 s Hanning win-

dow for 3–50 Hz. The independent component analysis was then uti-

lized to remove large, nonstereotyped artifacts produced by infant

movement and external sources of interference (Onton et al., 2006).

Frontal power was calculated in alpha (6–9 Hz), consistent with

prior research (Degnan et al., 2011), and subsequently, natural log-

transformed. F3 and F4were used to calculate asymmetry scores: sub-

tracting the natural log of alpha power on the left (F3) from the natural

log of alpha power on the right (F4) as previously described (Fox et al.,

2001; Reznik & Allen, 2018). Lower levels of alpha reflect cortical acti-

vation (Barry et al., 2007). Thus, lower asymmetry scores reflect right

lateralization, and higher scores signal left lateralization (Hane & Fox,

2006).

2.3 Analytic strategy

Exploratory factor analysis (principal axis extraction) was conducted

for the purpose of data reduction; specifically, to develop the infant

TABLE 1 Descriptive statistics

Variable Mean SD Range

Asymmetry scores

Asymmetry change from

baseline to SFP

.07 .52 −.76–1.44

Infant temperament factors

Distress to limitations −.0008 .85 −1.91–1.98

Fear −.002 .88 −1.46–2.17

Sadness .005 .91 −1.67–1.90

Falling reactivity .002 .78 −1.98–1.46

Infant self-soothing behaviors

Handwaving 1.34 2.33 0.0–10.0

Kicking feet 1.40 2.58 0.0–10.0

Looking tomother 3.92 3.35 0.0–12.0

Banging on the table 2.61 2.64 0.0–10.0

Playing with cups 7.50 3.98 0.0–12.0

Hand/object tomouth 2.92 3.20 0.0–12.0

Vocalizations 5.00 3.25 0.0–12.0

Distress 2.42 3.52 0.0–12.0

Note. SD, standard deviation.

behavior composites, using the eight coded behaviors (i.e., hand wav-

ing, kicking feet, looking to mother, banging on the table, playing with

cups, hand/object tomouth, vocalizations, and distress).

Behaviors with a factor loading of above |.5| were retained as

strongly defining the relevant factor; behaviors with cross-loadings

greater than |.3| were discarded to promote simple/interpretable

structure. Indetermining thenumberof factors,weconsideredKaiser’s

criterion of an initial eigenvalue greater than one, the inflection point

of the scree plot, and the extent to which a greater number of factors

reflectedmeaningful conceptual distinctions among infant behaviors.

Simple correlations between infant behavior factors, EEG asymme-

try measured at baseline and the second SFP episode, and IBQ-R NA

scales: fear, distress to limitations, sadness, and falling reactivity were

computed. Hierarchical multiple regression analyses were then per-

formed to identify unique contributions of EEG asymmetry and NA

scales. Only indicators with significantly bivariate correlations were

included in the regression analyses to reduce the number of predictors

and analyses. Infant behavior, considered as the dependent variable,

was regressed on infant sex and age to control for their contributions,

with baseline asymmetry included as a covariate in themodel address-

ing the SFP asymmetry as a predictor.

3 RESULTS

Descriptive statistics and correlations coefficients for all variables

included in the study were computed first and presented in Tables 1

and 2.

 10982302, 2021, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dev.22198 by W

ashington State U
niversity, W

iley O
nline L

ibrary on [17/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



CAMPAGNA ET AL. 5 of 11

TABLE 2 Correlation coefficients: covariates, independent, and dependent variables included in the study

1 2 3 4 5 6 7 8 9 10 11

1. Sex − .01 .03 −.04 .45** −.24 −.21 .23 −.02 −.03 −.004

2. Age .01 − .27* .11 −.14 .09 .19 .09 −.12 −.13 −.19

3. Baseline asymmetry .03 .27* − .16 −.02 .01 −.09 −.04 −.16 .002 .06

4. SF2 asymmetry −.04 .11 .16 − −.21 −.18 .14 −.19 −.04 −.05 .28*

5. Distress to limitations .45** .14 −.02 −.21 − .23 −.41** .64** −.12 −.11 −.28*

6. Fear −.24 .09 .01 −.18 .23 − −.09 .32* −.17 .20 −.01

7. Falling reactivity −.21 .19 −.09 .14 −.41** −.09 − −.33** .05 .06 .29*

8. Sadness .23 .09 −.04 −.19 .64** .32* −.33** − .04 .19 −.04

9. Ineffective regulation −.02 −.12 −.16 −.04 −.12 −.17 .05 .04 − .23 .12

10. Regulatorymotor activity −.03 −.13 .002 −.05 −.11 .20 .06 .19 .23 − −.01

11. Social engagement behaviors −.004 −.19 .06 .28* −.28* −.01 .29* −.04 .12 −.01 −

Note. Infant sex was coded as 1, girls; 2, boys; age was coded inmonths.

*p< .05.

**p< .01.

TABLE 3 Correlations between Factor 3, baseline and SFP
asymmetry scores, and IBQ-RNA scales

Predictor Factor 3 (r) p

Baseline asymmetry .063 .629

SF2 asymmetry .277* .029*

Distress limit −.278* .046*

Fear −.008 .957

Sadness −.043 .760

Falling reactivity .286* .040*

*p< .05.

3.1 Exploratory factor analysis

A three-factor solution emerged from an exploratory factor analysis of

eight infant behaviors, utilizing principal axis extraction with Oblimin

rotation. The three factors obtained included: ineffective regulation—

looking to mother, distress, playing with cups (negatively loading);

regulatory motor activity—kicking feet, hand/object to mouth; social

engagement behaviors—vocalizations and handwaving (average factor

loading = .56). Banging on table did not reliably load onto any of the

three factors.

3.2 Bivariate correlations

Three infant behavior factors were correlated with asymmetry indica-

tors measured at baseline and the second SFP episode, and the IBQ-

R NA scales: fear, distress to limitations, sadness, and falling reactivity

(negatively loading). Significant correlations were observed for social

engagement behaviors, the SFP asymmetry score, IBQ-R distress to

limitations, and falling reactivity (Table 3) in the predicted direction.

Greater observed regulatory social engagement was associated with

relative left frontal activation, higher falling reactivity, and lower dis-

tress to limitations.

3.3 Linear regression models

Hierarchical multiple regression analyses predicting social engage-

ment behaviors were conducted separately for EEG and IBQ-R indi-

cators, controlling for infant sex and age, and baseline asymmetry

for the former. The SFP asymmetry was predictive of social engage-

ment behaviors after controlling for covariates (Table 4A), whereas NA

scaleswere not associatedwith significant effects, accounting for over-

lapping variance (Table 4B).

4 DISCUSSION

The present study examined infant NA and frontal EEG asymmetry as

contributors to emerging social engagement and regulatory behaviors.

Infant behaviors during the SFP included the following: hand waving,

kicking feet, looking tomother, banging on the table, playing with cups,

hand/object to mouth, vocalizations and distress, and a three-factor

structure emerged.

The first factor was labeled ineffective regulation, with a positive

loading for the distress score and a negative one for playing with cups.

Of interest, looking at the mother positively loaded onto this factor,

indicating more extensive looking was consistent with higher levels of

distress/dysregulation. It is possible that gazing towards the mother

maintained infant distress, as the mother was instructed to ignore the

infantduring the task,whichpotentially signaledatypical unavailability.

Regulatorymotor activity consisted of kicking feet and hand-to-mouth

behaviors and is reflective of more dynamic and motor-related regula-

tion behaviors. Banging on the table did not significantly load onto an

emotion regulation-related factor. While infant banging facilitates the
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TABLE 4A Results from hierarchical regression analyses with
EEG asymmetry predicting factor 3

Model statistics

Step 1 R2 F p

0.035 1.072 .349

Predictor statistics

Predictors β/b SE t p

Sex .000/.004 1.091 .003 .997

Age −.187/−.447 .305 −1.464 .149

Model statistics

Step 2 R2Δ FΔ p

0.15 .905 .346

Predictor statistics

Predictors β/b SE t p

Sex −.001/−.005 1.092 −.004 .997

Age −.224/−.534 0.319 −1.675 .099

Baseline asym. .127/1.311 1.378 .951 .346

Model statistics

Step 3 R2Δ FΔ p

0.132 5.415 .024*

Predictor statistics

Predictors β/b SE t p

Sex .027/.299 1.058 .216 .830

Age −.245/−.584 .308 −1.895 .063

Baseline asym. .091/.938 1.338 .701 .486

SF2 asym. .292/3.312 1.423 2.327 .024*

*p< .05.

TABLE 4B Results from hierarchical regression analyses with
IBQ-RNA Significant predictors predicting Factor 3

Model statistics

Step 1 R2 F p

.033 .832 .441

Predictor statistics

Predictors β/b SE t p

Sex −.105/−.874 1.174 −.745 .460

Age −.134/−.331 .349 −.948 .348

Model statistics

Step 2 R2Δ FΔ p

.135 2.782 .072

Predictor statistics

Predictors β/b SE t p

Sex .013/.104 1.261 .083 .934

Age −.137/−.338 .349 −.968 .338

Distress limit. −.169/−.823 .799 −1.029 .309

Fall. react. .243/1.303 .791 1.648 .106

development of tool use (Kahrs et al., 2013), itmay be that this strategy

is less effective as a social engagement or emotion regulating strategy,

or for re-engaging the parent in interaction.

Infant vocalizations and handwaving clustered together to form

the final factor of infant social engagement in the service of regu-

lation: social engagement behaviors. Infant vocalizations are critical

signals serving to elicit responses from nearby adults (Warlaumont

et al., 2010), contributing to language acquisition (Goldstein et al.,

2009; Margolis et al., 2019), social interactions, and emotional devel-

opment (e.g., Filippa & Kuhn, 2017; Fogel & Garvey, 2007; Hsu & Fogel,

2003). Importantly, these signals likely engage adults in co-regulation,

diminishing infant distress. Handwavingmay also elicit responses from

caregivers to reduce distress (Adolph & Franchak, 2017). These spe-

cific behaviors were significantly associated with frontal EEG asym-

metry and distress-related temperament dimensions. As hypothesized,

infants scoring lower on NA scales and demonstrating greater left

frontal activation exhibitedmore frequent vocalizations and handwav-

ing behaviors.

Components of infant NA are important to consider as predictors

of early emotion regulation, including self-soothing and social engage-

ment (MacNeill & Pérez-Edgar, 2020). Falling reactivity refers to an

infant’s rate of recovery from peak distress and is associated with self-

soothing. This subscale was positively correlated with social engage-

ment behaviors (i.e., infants high in Falling Reactivity utilized vocal-

izations and hand waving more frequently). Still, the effect was not

significant when considered jointly with Distress to Limitations and

infant age and sex. However, Geangu and colleagues (2011) found

that 3-month-old infants who were higher in falling reactivity demon-

strated better regulation of peak emotional reactions. Specifically,

these infants exhibited less vocal distress, a longer delay of onset

of distress, and less expressed sadness in response to crying from

another infant (Geangu et al., 2011). Furthermore, higher levels of

falling reactivity predicted more advanced emotion regulation skills

when assessed 2 years later among 3–7-year olds (Domínguez-Álvarez

et al., 2020). Thus, falling reactivity should be studied further, although

our results suggest its regulation-related contribution overlaps with

distress to limitations, another NA dimension.

Distress to limitations (anger/frustration) is described as negative

affect related to blocked goals or the interruption of a task (Gartstein&

Rothbart, 2003). This temperament domain is related to deficits in reg-

ulation and increased aggression in infancy and later childhood (Verts-

berger & Knafo-Noam, 2019). As hypothesized, distress to limitations

was negatively correlated with regulatory social engagement behav-

iors. Infants lower in frustration demonstrated a higher frequency of

vocalizations and hand waving, although this effect was not signifi-

cant when accounting for falling reactivity and covariates. Greater dis-

tress to limitations at 6-months was positively associated with nega-

tive vocalizations (e.g., fussing, crying, screaming while upset or angry)

during an arm restraint task (Sullivan et al., 2015). This temperament

subscale may be a stronger independent predictor of vocalizations sig-

naling distress than social engagement behaviors. Despite emerging

research, this aspect of NA has often been overlooked (Lorber et al.,

2014) and deserves further attention.
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Frontal EEG power asymmetry provides a snapshot of the neuronal

activation that underlies expressions of approach and avoidance neu-

robehavioral systems, as well as their coregulation (Fox, 1994; Gart-

stein et al., 2020). A pattern of relative left frontal EEG dominance has

been viewed as most adaptive and associated with emotion regulation

across the lifespan (for reviewReznik&Allen, 2018), although extreme

left dominance results in risk for externalizing symptoms (Davis &

Suveg, 2014; Degnan et al., 2011; Smith & Bell, 2010). Consistent with

hypotheses, relative left frontal activation during the second SFP trial

predictedemerging social engagement as regulation controlling for age

and sex. Specifically, greater left frontal activation was associated with

social engagement behaviors (i.e., more frequent vocalization and hand

waving).

The association between left frontal activation and vocalizations

and hand waving is consistent with the literature on communication

and social engagement. Greater left frontal asymmetry may be a phys-

iological marker of an infant’s behavioral and social approach tenden-

cies to support regulation. Relatively higher infant (14 months old)

left frontal activation while watching a 3-min bubble recording pre-

dicted child involvement (i.e., initiating interaction with the mother)

at 50 months of age (Licata et al., 2015). Additionally, infant left

frontal activation predicted regulatory behaviors during a mild stres-

sor (arm restraint procedure) in the context of higher maternal sen-

sitivity (Swingler et al., 2014). Overall, left frontal EEG activation is

linked with self-regulation development (Allen et al., 2018; Davidson

& Fox, 1989). Additionally, our findings further support the use of the

capability model of alpha asymmetry and suggest frontal EEG acti-

vation is particularly salient in the context of a socially stressful and

regulation-challenging task. This work highlights how individual dif-

ferences in frontal EEG asymmetry are associated with interactions

between social situations and emotion-regulating abilities (Coan et al.,

2006; Reznik & Allen, 2018). Assessing frontal asymmetry in response

to social challenges can elucidate emerging regulation, leading to a bet-

ter understanding of its neurophysiological underpinnings.

Understanding the connection between EEG frontal asymmetry,

temperament, and infant regulatory behaviors in early life has impli-

cations for developmental psychopathology and intervention. Relative

right frontal activation, associated with emotion dysregulation,

predicted future depression in a community sample of adolescents

(Mitchell &Pössel, 2012; Pössel et al., 2008). Furthermore, right frontal

asymmetry at four years-of-age predicted reduced emotion regula-

tion at 9, specifically, a greater physiological response to a stressful

performance task (Allen et al., 2018; Hannesdóttir et al., 2010; Nus-

slock et al., 2015). Associations between infant frontal asymmetry

and behaviors suggest that EEG may be an early marker of risk for

emotional dysregulation, social deficits, and related impairment.

This study has several limitations, as our homogeneous middle-

class sample limits the generalizability of the results. Furthermore, this

work’s scope was somewhat limited due to its cross-sectional nature

and because only one temperament domain was considered. Addition-

ally, neurodevelopmental disorders (e.g., autism spectrum and atten-

tion deficit hyperactivity disorders) are associated with emotion reg-

ulation and social engagement deficits (Samson et al., 2015; Seymour

et al., 2019); however, at-risk children were not included in the cur-

rent study. The origins of regulation in infancy are initially externally

driven (i.e., fostered by parents), yet parent–child interactions were

not addressed in the current investigation. Additionally, observations

in a laboratory setting may not reflect stable regulation strategies that

should be measured in more naturalistic situations (e.g., home, pub-

lic spaces, etc.; Goossens &Melhuish, 1996). The structural coherence

of distress, looking to mother, and not playing with cups is suggestive

of inefficient regulation, as evidenced by the distress code joining this

constellation. However, the factor analytic findings do not shed light

on cooccurrence of these behaviors in real time, which should in future

investigations.

Future research should recruit larger and more diverse samples to

enable greater generalizability. Other dimensions of infant tempera-

ment and parent–child interaction dynamics should also be considered

as contributors to emerging regulation and social engagement. Infant

behaviors should be assessed in the home as well as in the labora-

tory. By utilizing longitudinal data, future work could employ growth

curve analyses, and the change in infant behaviors could be considered

as a predictor of later outcomes. Additionally, infants at risk for neu-

rodevelopmental disorders (e.g., siblings of those diagnosed) should

be included in emotion regulation and social engagement research.

Finally, person-centered approaches, such as latent profile analysis

(LPA) should be considered in future studies with larger samples of

infants. LPAwould allow infants to be classified intomeaningful groups

based on their patterns of temperament, frontal EEG asymmetry, and

behavior across the SFP task, for example, determining whether or not

components of the ineffective regulation factor help to differentiate a

type of infant struggling with regulation.

Understanding how EEG asymmetry and temperament factors

influence emotion regulation has direct applications. Targeted parent-

oriented interventions could be designed to facilitate emerging child

self-regulation, in particular, social engagement skills. For example,

individualized parental guidance programs could promote emerging

regulation skills among at-risk infants, encouraging use of cues that

serve to engage adults. Similar to existing interventions (for review,

see Iverson &Gartstein, 2018), services could target parents of infants

with greater right frontal EEG activation and support caregiver efforts

to foster communication and regulatory strategies. Future research

addressing infant temperament, neural activity, and behavior can

further inform such efforts, promoting a healthy socioemotional

development.
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