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Abstract

Biased attention towards affective cues often co-occurs with the emergence and maintenance of
internalizing disorders. However, few studies have assessed whether affect-biased attention in
infancy relates to early indicators of psychopathological risk, such as negative affectivity. The
current study evaluates whether negative affectivity relates to affect-biased attention in 6-month-
old infants. Affect-biased attention was assessed via a free-viewing eye tracking task in which
infants were presented with a series of face pairs (comprised of a happy, angry, or sad face and

a neutral face). Attention was quantified with metrics of both attention orienting and attention
holding. Overall, infants showed no differences in attention orienting (i.e., speed of looking)

or attention holding (i.e., duration of looking) towards emotional faces in comparison to the
neutral face pairs. Negative affectivity, assessed via parent report, did not relate to attention
orienting but was associated with biased attention towards positive, happy faces and away from
threat-cueing, angry faces in comparison to the neutral faces they were paired with. These findings
suggest that negative affectivity is associated with differences in attention holding, but not initial
orienting towards emotional faces; biases which have important implications for the trajectory of
socioemotional development.
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Background

Attention towards faces plays a critical role in shaping how infants process the world
around them and regulate their emotional experiences. Selective attentional processing

of affective stimuli, also known as “affect-biased attention” (Todd et al., 2012), emerges
early in life and is a central component of normative, socioemotional development. Affect-
biased attention can serve an adaptive function by appropriately cueing detection and
subsequent processing of affective stimuli, including signals of threat and social context
(Morales et al., 2016; Petersen & Posner, 2012). However, disruptions to these attentional
processes, such as over-attunement to specific affective cues, can lead to maladaptive
trajectories in psychological functioning. Patterns of biased initial orienting and subsequent
visual processing of emotional faces have been commonly observed in individuals with
internalizing disorders, including anxiety and depression (Peckham et al., 2010). A growing
body of work also suggests that these attention biases may precede the emergence of
diagnosable psychopathology and are implicated in the maintenance and exacerbation of
psychopathological symptoms (Joormann et al., 2007). Although these effects have been
well studied in adults, far less is known about how affect-biased attention relates to key
predictors of psychopathological risk in infancy, such as negative affectivity.

Attentional Processing of Emotional Faces

Broadly, attention facilitates our ability to detect salient stimuli within the environment,
maintain focus to abstract relevant information, and shift gaze towards other environmental
stimuli as needed (Petersen & Posner, 2012; Posner & Petersen, 1990). These attentional
processes can broadly be broken down into two phases: attention orienting and attention
holding (Leppéanen, 2016). Attention orienting supports the detection and selection of
meaningful information from competing stimuli and is typically measured by assessing

the speed of orienting to a stimulus (Cohen, 1972). Attention holding on the other hand
reflects the maintenance of attention over time to support detailed processing of selected
information and is assessed based on the duration of looking at stimuli (Cohen, 1972). In the
initial and more automatic phase of attention orienting, individuals are quicker to direct their
gaze to threat cuing stimuli in their environment, such as angry or fearful faces (Morales et
al., 2016). This heightened detection of threat is normative and may have an evolutionary
basis because quick detection of threat mobilizes alerting mechanisms that promote safety
in the face of possible danger. However, this sensitivity to threat is exacerbated amongst
anxious individuals, as higher levels of anxiety in children and adults predict quicker
detection of threat-cueing faces (Armstrong & Olatunji, 2012; Todd et al., 2012). In the
subsequent, more voluntary phase of attention holding, individuals demonstrate sustained
attention towards salient emotional stimuli that require further processing or may disengage
in order to shift attention elsewhere (Petersen & Posner, 2012). Among adults with anxiety,
initial facilitation of detection and orienting towards emotional faces is often followed by
subsequent avoidance of emotional stimuli, also known as the vigilance-avoidance effect
(see Armstrong & Olatunji, 2012 for meta-analysis and review). Adults with depression

on the other hand demonstrate sustained avoidance of positive affect in comparison to
non-depressed controls (see Peckham et al., 2010 for meta-analysis). Affect-biased attention
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is thus evident across both phases of attention orienting and holding and maintains strong
links to psychopathological disorders (Armstrong & Olatunji, 2012; Van Bockstaele et al.,
2014).

Development of Affect-Biased Attention

Affect-biased attention begins to develop within the first year of life. Newborns exhibit
preferential attention towards faces and face-like shapes in comparison to non-face stimuli
(Frank et al., 2009; Simion et al., 2001; Viola Macchi et al., 2004). This attentional
attunement towards faces is highly adaptive as faces provide rich social information and
infants’ attention to their caregiver’s face elicits positive parenting behaviors from caregivers
(Peltola et al., 2009). Over time, visual processing of faces becomes more fine-tuned, as
infants spend more time fixating on eye and mouth areas in comparison to other areas of
the face by 3 to 4 months (Haith et al., 1977; Hunnius & Geuze, 2004a, 2004b). By 5 to

7 months of age, infants not only preferentially attend to faces but they are also able to
discriminate between types of emotion faces, including happy, angry, fearful, and sad faces
(Leppanen & Nelson, 2009; Morales et al., 2016), providing important context on caregiver
state and the surrounding environment (Bornstein & Arterberry, 2003; Caron et al., 1988;
Leppédnen & Nelson, 2009; Nelson, 1987; Serrano et al., 1992).

Shortly after infants can discriminate between emotion faces, they also begin to exhibit
patterns of preferential attention towards specific emotional faces. Infants generally are
quicker to orient and demonstrate greater holding of attention on emotional faces, including
both happy and angry faces, in comparison to neutral faces (Burris et al., 2017; Pérez-Edgar
etal., 2017). In addition to an attention bias for emation faces, infants also begin to
demonstrate biased attention towards threat cuing stimuli. By 7 months, infants spend more
time looking at fearful faces and are less likely to disengage from them in comparison to
happy faces (Nelson & Dolgin, 1985; Peltola et al., 2009). A similar pattern is observed
with angry faces, as infants are quicker to detect angry faces than happy faces at 8 and

14 months (LoBue & DeLoache, 2010) and dwell longer on angry faces in comparison

to neutral faces (Morales et al., 2017). This heightened detection and processing of threat
cues is also observable in measures of neural activity (De Haan et al., 2003; Leppénen et
al., 2007; Leppanen & Nelson, 2006). For example, the negative central (Nc) component,
an event related potential (ERP) signature of attentional orienting, is more pronounced to
fearful faces than non-fearful faces at 7 months of age (De Haan et al., 2004; Leppénen et
al., 2007; Nelson & De Haan, 1996; Peltola et al., 2009). Overall, this literature suggests
that the ability to differentiate and preferentially attend to different emotion faces is well
established within the first year of life.

Negative Affectivity and Affect-Biased Attention

Normative development of affect-biased attention has been well characterized in infancy. A
growing literature has also explored how individual factors, such as infant temperament and
other indicators of psychopathological risk, relate to individual differences in the emergence
of affect-biased attention (Field & Lester, 2010; Morales et al., 2016). Developmental
theories suggest that variability in early biases in infant visual exploration of emotionally
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salient stimuli relate to key dimensions of temperament, such as fearfulness and behavioral
inhibition (Pérez-Edgar, 2018; Morales et al., 2016). These early attentional biases are then
moderated by factors both internal and external to the child over time to shape the trajectory
of socioemotional development (Burris et al., 2019; Field & Lester, 2010; Morales et al.,
2016). However, far less is known about how other key dimensions of temperament, such as
negative affectivity, relate to affect-biased attention.

Negative affectivity is conceptualized as a tendency towards experiencing negative emotions
(e.g., fear, sadness, frustration, anger) more quickly and intensely (Rothbart & Bates, 2006).
Negative affectivity is modestly stable over time (Lonigan et al., 2003; Putnam et al.,

2008) and is also a dimensional predictor of later psychopathology, including internalizing
disorders such as anxiety and depression (Lonigan et al., 2003; Kostyrka-Allchorne et

al., 2020; Muris & Ollendick, 2005; Nigg, 2006). Although some studies have begun to
investigate the relation between negative affectivity and affect-biased attention, few studies
have explored these associations in infancy and findings have been mixed (Conejero &
Rueda, 2018; Fu et al., 2020; Morales et al., 2017; Nakagawa & Sukigara, 2019; Pérez-
Edgar et al., 2017; Vallorani et al., 2021). Additionally, past work in infancy has focused
almost exclusively on attention towards positive, happy faces, and threat cueing angry and
fearful faces, as opposed to other emotion faces which are commonly employed in the adult
literature, such as sad faces.

Very few studies have looked at the association between negative affectivity and attention
orienting. Fu and colleagues (2020) found evidence of an interactive effect, reporting that
amongst a sample of 4- to 24-month-old infants, older infants who were higher in negative
affectivity and attention control were quicker to orient to neutral faces but not happy or
angry faces on a vigilance task. This suggests that infants who display this temperament
profile may be more vigilant towards ambiguous, neutral faces as they age. In another study
by this group, Vallorani and colleagues (2021) utilized latent profile analyses to characterize
infant looking behavior in 4- to 24-month old infants across a series of tasks (i.e., modified
dot-probe, overlap, and vigilance tasks). An interactive effect was observed, as infants of
anxious mothers who were also higher in negative affectivity were more likely to be a part of
a vigilant group, in which they were quicker to orient to both angry and happy faces.

There also is some evidence that negative affectivity may relate to patterns of attention
holding. For example, the study by Vallorani and colleagues (2021) also found that 4- to
24-month-old infants who were part of a latent class that was high in maternal anxiety

and infant negative affectivity displayed longer dwell times on angry but also happy faces.
Pérez-Edgar and colleagues (2017) on the other hand found no effect of negative affectivity
on attention holding (i.e., dwell time to angry or happy faces) in a sample of 4- to 24-month
old infants participating in a modified dot-probe task. However, they did find that dwell
time to angry faces influenced how long it took infants to orient to a subsequently presented
probe, but only for young infants low in negative affectivity. Studies looking specifically

at the ability to disengage from emotional stimuli have yielded mixed results as well.
Specifically, Conejero and Rueda (2018) found that 9- to 12-month-old infants who were
high in negative affectivity demonstrated difficulty disengaging from fearful faces, but not
happy or neutral faces. However, when evaluating similar metrics of disengagement, both

Dev Psychobiol. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Swales et al.

Page 5

Nakagawa and Sukigara (2019) (in 6- and 12-month old infants) and Morales and colleagues
(2017) (in 4- to 24-month old infants) found no significant relation between infant negative
affectivity and disengagement from faces (including angry, happy, and neutral faces).

Taken together there is inconsistency in findings across the literature of how

negative affectivity relates directly to both attention orienting and holding. Variance

in methodological approaches evaluating affect-biased attention may also contribute to
discrepancies in study findings. Most studies are designed to evaluate either attention
orienting or holding, relying on either measurement of reaction time or the ability

to disengage from affective cues. Tasks that measure both orienting and holding are

needed because the initial phase of orienting can influence the downstream process of
sustained attention (Burris et al., 2017; Burris et al., 2019). A free viewing paradigm,

in which participants are presented with a display of images (e.g., emotional faces), is

a methodological approach that has been commonly employed in the adult literature to
capture affect-biased attention across both phases of attention (Armstrong & Olatunji, 2012;
Bar-Haim et al., 2007). This approach applies minimal constraints to participant looking
behaviors, as participants freely view and explore stimuli for an extended period of time,
disengaging from images at their own volition. To our knowledge, free viewing tasks have
not yet been used when evaluating the relation between negative affectivity and affect-biased
attention in infancy. Joint assessment of attention orienting and holding through free viewing
tasks may therefore offer a useful approach to disentangle how negative affectivity may
relate to each attentional component.

The Current Study

The current study evaluates how negative affectivity relates to affect-biased attention in
6-month-old infants. Infants were assessed at 6 months of age because by this time,

infants preferentially attend to faces in comparison other non-facial stimuli, can discriminate
between differing emotion faces, and are beginning to exhibit individual differences in the
visual processing of emotion faces (Burris et al., 2017; Burris et al., 2019; Field & Lester,
2010; Morales et al., 2016; Nelson & Dolgin, 1985; Peltola et al., 2009; Pérez-Edgar et

al., 2017). Infant attentional biases were assessed via eye tracking in a free viewing task in
which an emotional face (i.e., happy, angry, or sad face) was presented beside a neutral face
for an extended period of time (i.e., 5 seconds). Affect-biased attention was characterized
by metrics of attention orienting and attention holding. Attention orienting was assessed by
measuring latency to the emotional face in contrast to the neutral face. Attention holding
was assessed by measuring the proportion of total looking time for each emotion face

(i.e., attention holding on emotional faces while also accounting for total looking time to
the neutral pairs). The first study aim was to characterize affect-biased attention amongst
6-month-old infants, assessing whether infants’ attention orienting (i.e., latency difference
score) and attention holding (i.e., proportion of total looking time) varied across trial types
(i.e., happy, angry, and sad trials). The second study aim was to assess the relation between
infant negative affect and these metrics of affect-biased attention.
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Participants included maternal-infant dyads, recruited as part of a longitudinal study (Davis
et al., 2018). Mothers were recruited during pregnancy and initial inclusion into the parent
study was based on the following criteria: a) maternal age between 18 and 45 years, b)
singleton pregnancy, and c) proficiency in English. Mothers were excluded from study
recruitment based on the following exclusion criteria: illicit drug use, methadone use,
major health conditions involving invasive treatments (e.g., dialysis, blood transfusions,
chemotherapy), past or current symptoms of psychosis or mania based on the Structured
Clinical Interview (SCID) for DSM-5, and/or current participation in cognitive behavioral
therapy (CBT) or interpersonal therapy (IPT). Study protocols were reviewed and received
approval from the institutional review board, and mothers provided informed consent for
both themselves and their infant.

Eighty-three mother-infant dyads provided ratings of infant negative affectivity and
participated in the eye tracking task when infants were approximately 6 months old (M

= 6.3 months, SD= 0.5, Range: 5.7 — 8.6). Two infants were age outliers (i.e., infant age

> 3 SD above the mean), however removal of these participants did not change the effect
size or significance of results, thus they were retained in analyses. Of those 83 infants who
attempted the eye tracking task, 5 were excluded due to unsuccessful calibration and 6 were
excluded due to eye-tracker malfunction, rates similar to other infant eye tracking studies
(Segal et al., 2021). Thus, 72 mother-infant dyads were included in subsequent analyses (see
Table 1 for demographic characteristics of the study sample).

Sociodemographic Factors—Sociodemographic characteristics, including maternal
factors (age, years of education, household income, cohabitation status, race/ethnicity)

and child factors (race/ethnicity) were assessed during a semi-structured interview. Child
biological sex at birth (subsequently referred to as sex), gestational age at birth, and
birthdate were determined from medical record abstraction. Seven participants were born
preterm. Results did not change in direction or significance when preterm infants were
excluded from analyses, thus these infants were retained in all subsequent analyses. Income
to needs ratio (INR) was calculated by dividing household income by the federal poverty
threshold for that year corresponding to household size and time of assessment (Grieger et
al., 2009; U. S. Census Bureau, 2020).

Infant Negative Affectivity.—Infant negative affectivity was assessed using the Infant
Behavior Questionnaire (IBQ), a standardized instrument designed to assess temperament in
infancy by maternal report (Rothbart, 1981). The IBQ takes advantage of a mother’s ability
to observe her children over a wide range of contexts. Given concern for the potential of
maternal reporting bias, the IBQ was designed to ask about concrete infant behaviors rather
than abstract judgements, as to make the responses more objective. Mothers rate their infant
on each item using a 7-point Likert scale ranging from 1 (never) to 7 (always). Ratings yield
composite scores: Surgency/Extraversion, Negative Affectivity, and Orienting/Regulation.
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Only the Negative Affectivity score was utilized in the current study analyses. The negative
affectivity score on the IBQ demonstrated good internal consistency (a = .83).

Infant Attentional Processing of Emotional Faces.—Infant attentional processing of
emotional faces was assessed using eye tracking technology.

Stimuli.: The stimuli consist of 18 colored photographs of faces, derived from the
standardized NimStim set (Tottenham et al., 2002). Actor race and gender were held
consistent across all stimuli in the 36-trial task, which was kept brief due to constraints

in infants” ability to stay seated and on task throughout the study visit. Only female faces
were selected because past work demonstrates that infants display a preference for female
faces over male faces by 3 to 4 months of age (Quinn et al., 2002). For actor race, only
White faces were utilized because an insufficient number of stimuli were available in this
face set for Black and Asian actors (4 Black, 5 Asian, and 9 White, female actors were
available, and 6 unique faces were required for each emotion condition). Although this
meant that the stimuli were thus not representative of the race of infant caregivers in the
study sample, this limitation was unlikely to substantially impact results as the primary
measure was difference in looking across faces within a face pair. Additionally, only closed
mouth faces were included in the task because interrater reliability scores are higher for
closed mouthed, sad faces than open mouthed, sad faces in the NimStim set (sad, closed
mouth x = .76; sad, open mouth: x =.62; ¢=4.25, p< .01) and are good for angry (x =.78),
happy (x = .92), and neutral (x = .86), closed mouth faces (Tottenham et al., 2009). Validity
ratings provided by developers of the NimStim set were also utilized to systematically select
stimuli to include in the task (i.e., the six stimuli with the highest validity ratings for a given
emotion category were included) (Tottenham et al., 2009).

Each emotional face stimulus (i.e., happy, sad, or angry face) was presented simultaneously
beside a neutral face from the same actor. “Emotional” face stimuli are thus defined within
the context of this study as happy, sad, or angry faces, whereas “facial” stimuli also

include neutral faces (Barrett et al., 2019). Because the facial expression of emation is both
culturally and contextually specific, we recognize that each of these stimuli (e.g., happy, sad,
angry, and neutral facial configurations) represent an expression of each emotion type but
do not necessarily reflect a universal expression of each emotional state and should thus be
interpreted with this context in mind (Barret et al., 2019). We will use the phrase “happy
faces” to refer to happy facial configurations, and “sad faces”, “angry faces”, and “neutral
faces” to refer to sad, angry, and neutral facial configurations respectively. Additionally,
“trial” type is defined by the emotional face presented during that trial (i.e., happy, angry, or
sad). Six face pairs for each of the three emotion conditions were presented twice over the
course of the experiment (for a total of 36 experimental trials). Face stimuli were 24 cm x 20
cm on participant monitor.

Apparatus.: Infant gaze was measured using the Tobii Pro Spectrum eye tracker, which
collects data at 150 Hz, and stimuli was presented using Tobii Pro Lab software (Tobii
Technology, Stockholm, Sweden). Infants were seated in a highchair throughout testing. The
infant was positioned at a viewing distance of 60 cm from the Tobii Pro Spectrum monitor
and eye height was aligned with the horizontal midline of the monitor. An occluder was
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used to obstruct the infant’s view of the experimenter and to minimize visual distractions
in the testing environment. Mothers remained out of the infant’s line of sight. Infants were
monitored by the experimenter via camera for the entirety of the task.

Procedure.: The eye tracker was calibrated using a standard 5-point Tobii calibration
program, in which an attention grabbing, infant-friendly stimulus on a black background
moved to five distinct locations on the display screen. If any of the five points were not
successfully calibrated (i.e., estimates of accuracy were not generated), the experimenter
recalibrated at those locations. The experimenter also used visual inspection of the
calibration data to recalibrate points in which calibration was poor. Average estimated
accuracy in the measurement of infant gaze was 0.49° (SD = 0.21°).

After calibration, infants were then presented with 36 experimental trials of face pairs, each
presented for 5 seconds (see Figure 1). Face pairs were presented in two separate blocks

of 18 trials of unique face pairs presented in a fixed randomized order, for a total of 36
trials). Stimuli were also counterbalanced to account for side presentation. Attention getters,
which consisted of dynamic, infant friendly stimuli that were accompanied by sounds, were
presented between trials to attract infant attention back to the center of the screen. The
experimenter advanced to the next trial when the infant successfully attended to the attention
getter, monitored via live gaze tracking in the experimenter monitor. The task was stopped if
the infant cried excessively for 20 seconds or if the mother requested to end the task at any
time.

Data Processing.: The standard Tobii Fixation Filter classification algorithm (Tobii Pro

AB, 2014) was used to determine when infant fixation changed over the course of the

task, with a minimum fixation duration threshold of 60 ms. When applied to the data, this
classification algorithm grouped the data into separate fixations so that the spatial location of
each individual fixation could be determined. The duration of each fixation was defined as
the difference in time in which a fixation started and ended at a singular gaze point.

Data Cleaning.: Data were cleaned on a trial-by-trial basis. Participants provided data (i.e.,
looked on screen at least once during a trial) for 95.7% of all trials. Each trial was only
included in further analyses if the infant fixated on screen within the first 500 ms of the
trial; thus, trials in which the infant was either looking off-screen or in which gaze was not
tracked during initial stimulus presentation were excluded (excluding 1.5% of all trials). As
part of our a-priori analytic plan, we also established that participant data for each condition
would only be used in further analyses if the participant had three or more usable trials for
a given emotion category (= 25%). On average, 94% of trials (SD = 14%, Range 42-100%)
were usable in the happy condition, 95% of trials (SD = 13%, Range 33-100%) were usable
in the angry condition, and 94% of trials (SD = 16%, Range 17-100%) were usable in the
sad condition. Only one participant had an insufficient number of sad trials (17%) and was
thus excluded from subsequent analyses.

Areas of Interest.: Tobii Pro Lab software was used to establish areas of interest (AOISs).
Oval AOIs were drawn and then adjusted to fit tightly around the actor’s face for each
emotional face stimuli (i.e., happy, angry, and sad faces). Separate AOIs were drawn for each
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emotional face and were labeled with the emotion of the face they encompass. AOI size did
not significantly vary between angry, happy, and sad trials [A2,17) = 0.02, p = .966]. AOls
were also generated for neutral faces, with AOI dimensions held constant for the emotional
face and neutral face in each face pair. To assess whether a participant fixated on a facial
stimulus, Tobii Pro Lab references the spatial coordinates of each fixation and the spatial
position of the areas of interest to determine whether a fixation occurred within each AOI.

Latency to Faces and Latency Difference Score.: Latency to faces and the latency to
difference score were utilized as indices of attention orienting (Wieser et al., 2009). Latency
was calculated by assessing the length of time which lapsed from stimulus presentation
until an infant initially fixated on a given area of interest. Latency to faces was generated
by computing the time from stimulus presentation to infant’s first fixation on a facial
stimulus (either the emotion or the neutral face) during each trial, which was then averaged
for participants within each trial type. The latency difference score was calculated by
subtracting latency to the initial fixation on the neutral face from latency to first fixation

on the emotional face it was paired with. A positive score thus indicates that the infant was
quicker to fixate on the neutral face than the emotion face. Only trials in which infants
fixated at least once on the emotional and neutral face were utilized to calculate the latency
difference score. The latency difference score was used as our primary measure of attention
orienting.

Total Looking Time to Faces and Proportion of Total Looking Time.: Both total looking
time to faces and proportion of total looking were selected as metrics of attention holding.
Total looking time was computed by summing the length of all individual fixations within

a given area of interest across the course of a trial. Total looking time to faces (i.e., total
amount of time fixating on facial stimuli overall) was calculated by summing the total
looking time to the emotion face and the total looking time to the neutral face during each
trial, and then computing average total looking time to faces within each trial type. We

also computed proportion of total looking time (i.e., when infants have detected both the
emotion and neutral face, how much time they spent holding attention on the emotion face
in comparison to the neutral face it was presented beside) by dividing total looking time

to the emotional face (i.e., happy, angry, or sad faces) by total looking time to both the
emotional and neutral face during that trial. Only trials in which infants fixated at least once
on the emotional and neutral face were utilized to calculate proportion of total looking time.
A probability score over 50% indicates that an infant held attention more on an emotional
face than its neutral pair, whereas a score of 50% indicates that the infants spent an equal
proportion of time fixating on emotional and neutral faces. The proportion of total looking
time was used as our primary measure of attention holding.

Statistical Analysis

Statistical analyses were conducted using the repeated measures General Linear Model
module of SPSS (Version 23.0). We ran a series of general linear multivariate models with
Greenhouse-Geisser correction, fitting a full model in every cell and allowing different
slopes and intercepts within each cell.
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Preliminary Analyses.—In preliminary analyses, we first assessed whether
sociodemographic variables (i.e., child sex, child age, INR) are associated with infant
looking behaviors in the general linear multivariate models. Next, we assessed whether the
raw metrics of infant looking behaviors (i.e., latency to faces and total looking time to faces;
repeated measure outcomes tested in separate models) differ across trial type and relate to
negative affectivity in the general linear multivariate models (see additional description of
tested within- and between-subjects effects below).

Testing of Study Aims.—To test study aims, two general linear multivariate models were
implemented to assess whether our primary metrics of infant looking behavior (i.e., latency
difference score and proportion of total looking time; repeated measure outcomes tested in
separate models) differ across trial type (i.e., happy, angry, and sad trials; within-subjects
factors), and whether negative affectivity predicts these looking behaviors (grand mean
centered and tested as a continuous predictor). Specifically, the within-subjects effect of trial
type is reported in each model to test the first study aim (i.e., testing the null hypothesis

that the intercepts [centered at the average value of negative affectivity] are equal for angry,
happy, and sad trials; subsequently referred to as the trial type within-subjects effect). To
address the second study aim, we report whether the relation between negative affectivity
and each infant looking behavior varies across trial type (i.e., testing the null hypothesis
that the slopes of the linear associations between negative affectivity and the infant looking
behaviors outcome are equal for angry, happy, and sad trials; subsequently referred to as the
negative affectivity by trial type within-subjects effect) and whether negative affectivity
predicts overall infant looking behaviors, regardless of trial type (i.e., testing the null
hypothesis that the slope of the linear association between negative affectivity and the

infant looking behavior outcome, averaged across the three trial types, differs from zero;
subsequently referred to as the negative affectivity between-subjects effect).

Preliminary Analyses

Sociodemographic Factors.—Preliminary analyses revealed that child age, child sex,
and INR were not significantly associated with any of the measures of affect-biased attention
(all p’s > .10; see Table S1-S3 for additional details).

Latency to Faces.—Latency to faces did not differ between happy, angry, and sad trials
[within-subjects effect: A2,138) = 0.18, p = .830, partial 17 = .003]. Additionally, negative
affectivity did not relate to latency to faces [negative affectivity between-subjects effect:
A1,69) = 2.69, p=.106, partial 7 = .037; negative affectivity by trial type within-subjects
interactive effect: A2,138) = 0.18, p = .832, partial 17 = .003]. Descriptive information on
latency to faces across trial types is presented in Table 2 and results from this model are
represented visually in Figure 2 (descriptive information on latency to emotion faces and
latency to neutral faces are presented in supplementary Table S4). These data suggest that
negative affectivity does not relate to how quickly infants attended to faces in general.
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Total Looking Time to Faces.—The within-subjects effect of trial type on total looking
time to faces (i.e., total looking time to either the emotional and neutral face within an
average trial) was significant [A2,138) = 6.49, p=.002, partial 7° = .086]. Post-hoc tests
(with a Bonferroni adjusted alpha level of a. = .0167) indicated that overall, infants spent
less time attending to faces during sad trials in comparison to happy (p = .009) and angry
trials (p=.001). Total looking time to faces did not significantly differ between happy

and angry trials (p=.498). The between-subjects effect of negative affectivity on total
looking time to faces was not significant [A1,68) = 2.83, p=.097, partial 17 = .039]. The
interactive effect of negative affectivity and trial type on total looking time was also not
significant [A2,138) = 1.29, p=.278, partial 7 = .018]. Results are represented visually
in Figure 3 and descriptive information on total looking time to faces across trial types

is presented in Table 2 (descriptive information on total looking time to emotion faces

and total looking time to neutral faces are presented in supplementary Table S4). Findings
suggest that negative affectivity does not significantly relate to how much time infants spend
attending to faces in general.

Testing Study Aims

Latency Difference Score.—Results from one-sample t-tests indicated that the latency
difference score, our primary measure of attention orienting, did not significantly differ from
a value of 0 for angry, happy, or sad trials (all p’s > .250), suggesting that on average

infants took the same amount of time to initially orient to the emotional face as the neutral
face it was paired within each trial type. In our general linear multivariate model, the
within-subjects effect of the latency difference score was not significant [ /2,138) = 0.23,
p=.765, partial 7 = .004], suggesting that on average the latency difference score did not
differ across trial type (see Table 2 for additional descriptive information on the proportion
of total looking time by trial type). The between-subjects effect of negative affectivity
[A1,69) = 0.16, p=.692, partial 77 = .002] as well as the negative affectivity by trial

type within-subjects interaction [A2,138) = 0.68, p = .511, partial 177 = .010] were also

not significant. Results from this model are represented visually in Figure 4. In secondary
analyses we also found that negative affectivity also does not relate to the proportion of
trials in which the infant looked at the emotion face before looking at the neutral face (see
Supplementary Table S5 and S6 for additional details). Taken together, results suggest infant
negative affectivity does not relate to biases in attention orienting.

Proportion of Total Looking Time.—Results from one-sample t-tests indicated that
the proportion of total looking time, our primary measure of attention holding, did not
significantly differ from a value of 0.5 for angry, happy, or sad faces (all p’s > .250),
suggesting that on average infants spent an equal proportion of time fixating on the
emotional face as they did the neutral face it was paired with. Results from the general
linear multivariate model indicate no significant within-subjects effect of trial type [A2,138)
=0.89, p=.413, partial 77 = .013] on the proportion of total looking time, suggesting that
overall, the proportion of total looking time did not vary based on the emotion of the stimuli
(see Table 2 for additional descriptive information on the proportion of total looking time
by trial type). There was also no significant between-subjects effect of negative affectivity
[A1,69) = 2.02, p=.159, partial 77 = .028]. However, the interactive within-subjects effect
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of trial type and negative affectivity was significant [R2,138) = 5.71, p=.004, partial 17 =
.076]. As illustrated in Figure 5, negative affectivity was associated with a lower proportion
of total looking time to angry faces relative to neutral faces (8= -0.03, SE=0.02, = -2.13,
p=.036, partial 77 = .062). In contrast, negative affectivity was associated with a higher
proportion of total looking time to happy faces relative to neutral faces (8= 0.04, SE=

0.02, t=2.48, p=.016, partial 17 = .081). Negative affectivity was associated with a higher
proportion of total looking time to sad faces at the level of a trend (8= 0.03, SE=0.02,
t=1.89, p=.064, partial 77 = .049). These findings suggest that infants high in negative
affectivity spent less time attending to angry faces and more time attending to happy faces in
comparison to their respective neutral pairs over the course of the trial.

Discussion

The ability to preferentially attend to and visually process emotional faces is closely
interwoven with the trajectory of socioemotional development across the lifespan. The
current study investigated the relation between affect-biased attention and infant negative
affectivity, a key predictor of poor mental health outcomes (Muris & Ollendick, 2005; Nigg,
2006). Affect-biased attention was assessed by jointly evaluating both attention orienting
and holding on emaotion faces in a free viewing task. Utilizing this approach, we found that
overall, infant attention did not vary across trial type on our primary metrics of initial
orienting (i.e., latency difference score) and attention holding (i.e., proportion of total
looking time). When exploring the associations among negative affectivity and affect-biased
attention, we found that infant negative affectivity relates to patterns of attention holding but
not initial orienting towards emotional faces. Specifically, we found that after detecting both
the emotion face and its neutral face pair, infants high in negative affectivity spent a lower
proportion of time attending to angry faces and a greater proportion of time attending to
happy faces in comparison to neutral face pairs. Findings provide evidence of an association
between increased negative affectivity and biases in attention holding towards positive,
happy faces and away from threat-cueing, angry faces in contrast to neutral faces.

We did not find any overall patterns of bias in attention orienting, as latencies to detect
faces did not significantly vary across happy, angry, and sad trials, nor did they differ when
assessing orienting to the emotion face in contrast to the neutral face pair. Prior studies
suggest that a normative bias towards threat-cuing stimuli emerges between 5 and 7 months
of age (Fu & Pérez-Edgar, 2019; LoBue & Del.oache, 2010; Morales et al., 2017; Nelson
& Dolgin, 1985; Peltola et al., 2009). However, notably much of this work has been based
on quicker detection on fear faces whereas less research has explored latency to angry faces
in infants (Fu & Pérez-Edgar, 2019). It is therefore possible that attention orienting biases
to angry faces may develop more slowly in comparison to fearful faces, or that such biases
may not have been elicited due to factors related to study design (e.g., in this free viewing
paradigm, attention to emotion faces is always assessed within the context of simultaneously
presented neutral faces).

When assessing the main effect of emotion on total looking time to faces, we found that
infants spent less time holding attention on faces during sad trials in comparison to happy
and angry trials. This finding underscores the importance of including sad faces in infant
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eye tracking studies, as very limited work has assessed how infants visually explore sad
faces. There is some evidence from past work that by 7 months of age, infants hold attention
more on faces displaying salient threat cuing emotions, such as fear (Nelson & Dolgin,
1985) and are less likely to disengage from these faces in comparison to happy or neutral
faces (Peltola et al., 2013). However, in the current sample of 6-month-old infants we saw
no overall differences in attention holding between angry and happy trials. Further, when
total looking time to emotion faces was assessed in comparison to the neutral face pair

with the proportion of total looking time metric, we saw no overall differences in attention
holding across any of the emotion categories. It is therefore possible that additional biases
in attention holding, such as biases toward threat-cuing faces, may emerge in the presence
of specific risk factors, such as negative affectivity. Null findings could also be explained by
the inclusion of angry faces instead of fear faces or could be attributed to the specific study
design (i.e., free viewing paradigm) implemented in the current investigation.

Findings linking negative affectivity towards biases in attention holding but not orienting
align with past observations in the extent literature. Similar to Fu and colleagues (2020)

and Vallorani and colleagues (2021), we did not find evidence of a main effect of negative
affectivity on attention orienting to emotion faces. However, we did find that after having
initially fixated on both faces in an emotional-neutral face pair, infants high in negative
affectivity demonstrated less attention holding on angry faces in comparison to neutral face
pairs. This finding suggests that infants high in negative affectivity are less likely to exhibit
preferential holding of attention on threat-cuing stimuli when in the presence of a competing
neutral stimuli. It is possible that this reduction in sustained attention on angry faces could
reflect a reduced tolerance and avoidance of threat-cuing stimuli. Notably, this pattern of
less attention holding on threat-cuing faces in comparison to neutral faces has also been
observed in children and adolescents with elevated anxiety symptoms (Lisk et al., 2019).
Similarly in adults, anxious individuals also tend to exhibit sustained avoidance of threat

in the more voluntary stage of attention holding, underscoring possible implications for
psychopathological risk if negative emotionality and attentional biases are maintained over
time (Armstrong & Olatunji, 2012). We also found that infants higher in negative affectivity
also looked longer at happy faces in comparison to the neutral faces. Similar findings have
been reported in eye tracking studies of children experiencing depression, which linked
depression to a greater proportion of total looking time to happy faces in comparison

to other emotion faces in a visual search paradigm (Harrison & Gibb, 2014). It is also
plausible that attentional biases towards happy faces and away from angry faces could be

a compensatory strategy for infants high in emotionality to avoid over-arousal, highlighting
the importance of continuing to explore how these biases relate to negative emotionality and
other facets of psychopathological risk over time (Martinos et al., 2012; Morales et al., 2016;
Peltola et al., 2015). Taken together, findings of the current study suggest that 6-month-old
infants who are higher in negative affectivity are no quicker to detect emotion faces but
exhibit attentional biases in how they subsequently process those faces in the more voluntary
stage of attention holding. This pattern of attentional behavior suggests that infants who are
high in negative affectivity and at elevated risk for later psychopathology may differ in how
they deploy attention to explore emotionally salient stimuli and faces in their environments,
and more work is needed to explore the function these attentional behaviors may serve.
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Strengths, Limitations, and Future Directions

The current study has several key strengths. First, the study task involved the free viewing of
emotional faces. This approach allowed us to explore how infants viewed faces for extended
periods of time with minimal constraints, rather than brief and rapid exposures. Through
this study design, we were also able to explore how negative affectivity relates to each
subcomponent of attention within a singular task. Second, as previously stated, sad faces

in addition to happy and angry faces were included in the study design. Offering a more
complete range of emotion faces allowed us to distinguish how looking behaviors differ
across negative emotional faces and underscores the importance of including a variety of
emotion types in the study of affect-biased attention. Finally, infants in the study sample
represent children from a range of racial, ethnic, and socioeconomic backgrounds, many

of which are underrepresented in infant eye tracking research. This diversity of the study
sample is important to support generalizability of study findings.

Despite these strengths, there are also several limitations and key areas for future

research. First, negative affectivity was assessed via maternal report. Future studies should
utilize multi-rater measures and may assess whether these findings align with laboratory
assessments of infant negative affectivity. Second, affect-biased attention and negative
affectivity were assessed at one time point. A growing body of research has suggested

that the interplay between attention and socioemotional functioning is dynamic across the
first few years of life. Developmental theories such as that of Field and Lester (2010),
suggest that innate biases in attention towards faces are moderated across development by
factors both intrinsic and extrinsic to the child in a bidirectional relation. Future studies
should therefore continue to explore how the observed attentional biases related to negative
affectivity at 6 months of age may be perpetuated or modified across infancy, and even

into childhood and adolescence when diagnosable psychopathology begins to emerge. This
line of research may also be further supported by studies that integrate both eye tracking

as well as neuroimaging measures, such as fMRI and ERP. This is an important direction
for future research as recent work suggests that attention orienting and holding may be
supported by differing neural subnetworks that are integrated in the dorsal front-parietal
and midcingulo-insular network (Markett et al., 2022). Incorporating neural measures into
a multimodal approach would provide an opportunity to see if patterns of differential
attending and processing of emotional faces in the current study map onto differences in
brain networks. Additionally, all infants were presented with the same images in a fixed
order to reduce task related variability in the measurement of individual differences. These
images included in the current study design include only the faces of White, female actors.
Although race-based biases in attention orienting and attention holding (e.g., preferential
looking towards other race faces) are not reliably demonstrated by 6 months of age (Hunter
& Markant, 2021; Kelly et al., 2007; Kelly et al., 2009; Liu et al., 2013), it is important
that future studies include images that are representative of caregivers, especially across later
development as by 9 months infants demonstrate greater difficulty discriminating other-race
faces (Kelly et al., 2007; Kelly et al., 2009; Markant et al., 2016). Future studies should
continue to assess how the race, ethnicity, and gender of actors and infant experiences
shape visual exploration of emotion faces and investigate whether these factors moderate
any observed associations. Lastly, although we observe differences in infant gaze, we do not
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know the cognitive mechanisms underlying these observed behaviors (e.g., whether infants
indeed perceive angry faces to be threatening or whether they are responding to other visual
factors such as novelty or visual distinctiveness).

Clinical Implications

Current study findings have important implications for understanding the role of affect-
biased attention in the development of psychopathology. Infants rely heavily on the ability
to detect and process faces around them, particularly those of their caregivers. This ability
develops along with the capacity to use attention as a way to regulate emotional experiences.
As infants become children and then adults, sustained patterns of exaggerated attentional
biases may relate to difficulty regulating emotional states and could support the development
of co-occurring mental health challenges. Notably, biases in attention holding away from
threat-cuing faces and towards positive, happy faces have also been observed in children and
adolescents with anxiety and depression respectively, further underscoring the importance
of exploring how these attentional patterns relate to socioemotional development over time.
Continuing to explore the relation between negative affectivity and affect-biased attention

in early life is important as it may further our understanding of the etiology of psychiatric
disorders. This work may inform the development and implementation of more targeted
early interventions that support the use more adaptive attention strategies and provide
supportive caregiving behaviors for infants who are more emotionally reactive and thus

at elevated risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Sample Task Trials
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Figure 2. Negative Affectivity and Latency to Faces by Trial Type Note.
Negative affectivity was not significantly associated with latency to faces during angry

(Bangry=49.72, SE=28.61, t=1.74, p=.087, partial 177 = .042), happy (BHappy = 33.77,
SE=28.49, t=1.19, p=.240, partial 77 = .020), or sad trials (Bs;y= 36.01, SE=31.61, t=
1.14, p= 259, partial ° = .018).
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Figure 3. Negative Affectivity and Total Looking Time to Faces by Trial Type
Note. Negative affectivity was negatively associated with total looking time to faces during

angry (Bangry = —133.96, SE=114.30, t= -1.17, p= 240, partial 77 = .020), happy (BHappy
= -200.55, SE=125.13, t=-1.60, p = .114, partial 177 = .036), and sad trials (Bszy=
-243.81, SE=124.08, t=-1.97, p=.053, partial 17 = .053).
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Figure 4. Negative Affectivity and Latency Difference Score by Trial Type
Note. Negative affectivity was not significantly associated with the latency difference score

for angry (Bangn, = 114.37, SE=143.92, t=0.80, p=.430, partial 77 = .009), happy
(BHappy = —82.85, SE=168.83, t=-0.49, p=.625, partial 77 =.003), or sad trials (Bszy=
-143.53, SE=171.57, t=-0.83, p= 412, partial 1 = .010).
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Figure 5. Negative Affectivity and Proportion of Total Looking Time by Trial Type
Note. Negative affectivity was associated with a lower proportion of total looking time to

angry faces relative to neutral faces (Bangr, = -0.03, SE=0.02, t=-2.13, p=.036, partial
77 = .062) and was associated with a higher proportion of total looking time to happy faces
relative to neutral faces (Brgppy = 0.04, SE=0.02, t=2.47, p= 016, partial 77 = .081).
Negative affectivity associated with a higher proportion of total looking time to sad faces
relative to neutral faces at the level of a trend (Bs,y= 0.03, SE=0.02, = 1.88, p=.064,
partial 77 = .049).
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Table 1

Sample Characteristics (n = 72)

Maternal Characteristics

Maternal age (M = SD, Range)

32.3+5.1;21.5-42.0

Cohabitating (%) 86.1
Federal poverty line (FPL) (%)
Poverty (<100% FPL) 15.2
Near poverty (100-200% FPL) 16.7
Household income (Mediian) $90,000
YYears of education (%)
Some high school, high school diploma, or GED 9.7
Technical or vocational school, associate degree, or some college  27.8
Bachelor’s degree or higher 62.5
Child Characteristics
Child age at assessment (in months; M+ SD; Range) 6.4 +£0.6;5.7-8.6
Sex (% female) 58.3
Race/Ethnicity (%)
White, Non-Hispanic/Latinx 50.0
Hispanic/Latinx 19.4
Black, Non-Hispanic/Latinx 8.3
Asian, Non-Latinx 1.4
Native American/, Non-Hispanic/Latinx 14
Multiracial/Multiethnic 19.4

Gestational age at birth (M + SD, Range)

38.8+1.89;29.4-41.2
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Table 2

Descriptive Statistics for Infant Attention Metrics by Trial Type

M + SD, Range

Latency to Faces (in ms)

Happy 496.1 +171.0; 302.6-1410.2

Angry 494.6 £ 173.7; 294.5-1476.5

Sad 506.1 + 189.6; 329.2-1365.6
Total Looking Time to Faces (in ms)

Happy 2654.1 + 757.4; 521.6-4154.1

Angry 2687.5 + 686.1; 987.2-4270.4

Sad 2523.2 + 757.8; 756.9-4141.4
Latency Difference Score (in ms)

Happy 76.6 £ 1005.2; -3151.7-2510.0

Angry -46.9 + 859.3; —2246.7-1800.6

Sad 38.4 +1024.7; —2613.3-2740.0
Proportion of Total Looking Time

Happy 0.51 +0.10; 0.31-0.88

Angry 0.49 +£0.10; 0.28-0.77

Sad 0.51 +0.10; 0.25-0.99
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