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Abstract

Parental modulation of emotional information gathering across development

Andrea Fields

Decades of research have highlighted the robust influence of caregivers across
development. Parents’ unceasing role from birth through adolescence and even into adulthood
positions them as a proximal factor in shaping children’s learning. Given the immature emotion
regulation systems present in early life, parents’ impact on affective development is thought to
be particularly strong. However, outstanding questions remain regarding the mechanisms by
which children learn emotional information from caregivers. Thus, the three studies presented in
this dissertation investigate parental modulation of emotional information gathering from
toddlerhood to adolescence. Chapter 1 establishes an indirect pathway of emotional information
gathering by examining parental anxiety symptomology as a link between normative household
stressors and young children’s behavior problems. Building off of Chapter 1, Chapter 2 seeks to
characterize a more direct mechanism of parent-child emotional information gathering, by
studying whether parents demonstrate special privilege for verbal emotional information
transmission during toddlerhood. Finally, Chapter 3 extends findings to a wider age range to
understand how older children and adolescents attend to parents following emotional priming.
Taken together, the work in this dissertation demonstrates the specific ways in which parents

influence children’s emotional information gathering across development.



Table of Contents

LSt OF FIGUIES ..ttt ettt ettt et e s e et e st e esbeesabeenbeessaesnbeensaeenseenseeenseenseennne il
LISt OF TADIES ...ttt b et ettt et b et et ae et eaees il
ACKNOWIEAZIMENLS. .....oeiiieiiieiiieiieeie ettt ettt et e e et e et e e taessbeebeessseeseesnsaensaessseensaennsens v
DIEAICALION ...ttt ettt et sa et ettt et sh ettt b bt sae e vii
INEEOAUCTION ...ttt ettt et sbe ettt sbe et et sbeenaeeanens 1

Chapter 1 : Parent's anxiety links household stress and young children's behavioral
AYSTEGULALION ...ttt ettt et e bt et e et e e s st e eabe e aeeenbeesseesnseeseesnseenseas 8

Chapter 2 : Parental cueing promotes greater initial exploration of both positive and negative

information during toddlerhood............ccoiiiiiiiiiiie e 43

Chapter 3 : Fear modulates parental orienting during childhood and adolescence .................. 78
DDISCUSSION ...ttt ettt ettt et ettt et e s et e et e e eae e et eeea b e e bt e saeeeaseesnseenbeesnbeenseesnseeseesnseenseas 93
RETRIEIICES ...ttt ettt et sttt e st e bt e e st e e bee st e e bt e snbeeneeas 97
Appendix A: Supplementary Materials for Chapter 1 .........cccceeeviiieiiiiciieeceecee e, 122
Appendix B: Supplementary Materials for Chapter 2 ...........cccoeevvieeiiieciieeciie e 125
Appendix C: Supplementary Materials for Chapter 3 ...........cccoeeiiiieiiiiciieeceecee e 129



List of Figures

Figure 1.1: Household Stress, Parent Anxiety, and Child Behavior Mediations.......................... 39

Figure 1.2: Correlations Between In-Laboratory Observed Behavior and Parent Reported

BERaVIOT ... ettt ettt 40
Figure 1.3: Correlation Between Parent Anxiety and Child Cortisol .........cc.coeceeiiiniiiniinennen. 41
Figure 1.4: Child-Targeted versus Adult-Targeted Stressor Exposure on Child Behavior .......... 42
Figure 2.1: Frequencies of Toddlers’ Reported Choice for Pet by Learning Block..................... 68

Figure 2.2: Frequencies of Toddlers’ Reported Choice for Pet and Nice/Scary by Learning Block
ANA VAIETICE. ...ttt sttt et st e bt e st e bee st ens 69
Figure 2.3: Frequencies of Toddlers’ First Approach by Learning Block and Valence............... 70
Figure 2.4: Toddler Latency to Approach Interactions by Informant, Learning Block, and

VIALEIICE ..ottt ettt et et h et e h e bttt e a e h et e a b bttt e n e e bt enteeneenee 72

Figure 2.5: Toddler Interaction Time Interactions by Informant, Learning Block, and Valence. 74

Figure 2.6: Toddler Dwell Time Interactions by Informant, Learning Block, and Valence ........ 76
Figure 3.1: Parental Orienting Task Design and Reaction Time Results ...........ccccecervenienennnnne. 90
Figure 3.2: Interaction Between Prime, Target, and Fear Rating on Reaction Time ................... 92
Figure S1.1: Histograms of Child-Targeted and Adult-Targeted Stressors..........ccoceeveereereeennene 124
Figure S2.1: Depiction of Room Layout in Chapter 2..........c.cceoerieiieienienieienieneeie e 127
Figure S3.1: Pre-Post Change in Fear Rating ...........ccccocoeeiiiiiiiiiiiniieiicicceeeeeee e 132
Figure S3.2: Reaction Time as a Function of LUre...........cocooiiiiriiniiienieneeececeeseeeee 133
Figure S3.3: Histogram of Ages for Chapter 3 ..........coeoiiiiiiiiiiiieieeeeeeeeeeeeee e 134

i


file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368245
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368246
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368246
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368247
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368248
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368262
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368263
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368263
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368264
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368265
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368265
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368266
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368267
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368302
file://///Users/andreafields/Desktop/School/Dissertation/Fields%20GSAS%20Dissertation_Deposit.docx%23_Toc132368303
file://///Users/andreafields/Downloads/Fields%20GSAS%20Dissertation.docx%23_Toc132287798

List of Tables

Table 1.1: Demographics for Chapter ©.........ccoooiiiiiiiiiiiieeeieeee e aee e 34
Table 1.2: Descriptive Statistics for Chapter 1 ........cccvveeiiiiiiieeeiie e 35
Table 1.3: Table of LabTAB Behaviors for Factor Analysis.........cccecuveeviieirieeerieeeciee e 36
Table 1.4: Table of Adult-Targeted and Child-Targeted Stressors........ocvveeeveeeeieeerveeeiieeeieeenns 37
Table 1.5: Bivariate Correlation Table for Key Variables..........cccooeoiieiiiiiniiiiiieeiecieeeee 38
Table S2.1: Demographics for Chapter 2 ...........cccuiieiiiieiiieeiieeeeecee e e e 128
Table S3.1: Demographics for Chapter 3 ..........coooiiiiiiieiiie e 131

1l



Acknowledgments

This dissertation is focused on how children learn from parents, so it is only right that I
start out by acknowledging mine. Mom and dad, thank you for being my biggest supporters and
for instilling in me the value of education. You’ve given me the world and more. I cannot
imagine how sick of the Hall of Science you were after indulging my requests to visit every
weekend growing up, but it’s a testament to your dedication to cultivate my unceasing
questioning and dedication to this field. Your love, support, encouragement, and example of
parenting built this path for me. I am eternally grateful for all of it and for you.

To Philip, thank you for being the most uplifting brother and friend, and being my
personal chef and professional pet sitter. I couldn’t have made it through graduate school or life
without you (or your food).

To Michael, Carole, Jacob, Bea, Alec, Rachel, Jenna, Bryant, and Bubbe, thank you for
welcoming me into your family, cheering on my wins, reading my papers, always asking
questions, and supporting me throughout the entirety of this journey.

To my friends outside of academia, thank you for listening to my practice talks,
proofreading my work, staying patient with me as I traversed this path, and never giving up on
me staying here in NYC.

To the friends I’ve met throughout graduate school, thank you for being the best
confidents and for always really getting it.

To my fellow DAN lab members, Tricia, Dilia, Nick, Lisa, Amaesha, Syntia, Erica,
Michelle, Chelsea, Charlotte, Rebecca, and Lior, thank you for making every day an adventure.
Special thanks to Paul, for being my lab twin and the most knowledgeable coding consultant, and
Anna for being my co-author and critical thinking partner. I am also eternally grateful to my

wonderful research assistants, Rena, John, Heide, Christina, and Lana, honors and thesis

v



students, Ayumi and Ellie, and Barnard College Toddler Center research coordinator, Sophie,
without whom, none of this work would have been possible. One of the greatest joys of graduate
school was working alongside all of you. I have learned so much from each and every one of
you.

To my cohort, thank you for being on this wild ride with me and always being willing to
take a break at Tropical Sensation.

To my unofficial mentors, Bridget, Natalie, and Lauren. Thank you for teaching me how
to get in to and get out of graduate school, and for taking a chance on me. I am constantly in awe
of each of you.

To James, my work-husband and best friend. My time at Columbia is impossible to
imagine without you. Thank you for making this place a home. From our infamous Uber ride
home to our near daily subway commutes to campus together. From nervously practicing our
first-year talks in 200B, to practicing our voices at karaoke. From Joe’s breaks, to lunch breaks
in Washington Square Park. From the dance floor at holiday parties to the dance floor at Aziza.
From planning prospectives day to ending it at Koronets. From the Clark Street station to the
116" Street stop. From Brooklyn to Chicago. Always.

To Dima, thank you for helping me think deeply and developmentally. Your theoretical
knowledge has shaped and inspired so much of this dissertation and of my perspective. Janet,
thank you for supporting me and my ideas since the first year of graduate school. Bill, thank you
for taking me into your laboratory as a post-baccalaureate student, helping me build my skills,
and making sure I never forget the importance of the perinatal period. Tovah, thank you for
introducing me to the magic of toddlerhood and for serving as the inspiration for the next stage

of my career. I am honored and humbled that each of you has agreed to be on my committee.



To Nim, my incomparable advisor. Thank you for being the best possible role model of a
strong, female scientist. You have taught me everything I know about how to ask interesting
questions, value theory, write sharply, stay humble, and have fun while doing it. My career will
forever be colored by your brilliance. Thank you for being my safe haven when things were hard
and my secure base to explore and become the independent researcher I am today. Your belief in
me helped me believe in myself.

And finally, to my husband, Max. I cannot fathom how I got so lucky to have met you 11
years ago and had you by my side through it all. You deserve your own Ph.D. for all the talks
I’ve made you sit through, slides I’ve made you look at, papers I’ve made you read, and grant
submissions I’ve made you double and then triple check. I could write another dissertation on
everything you’ve done to help me get to where I am today. There does not exist a more
supportive, kind, patient, encouraging, reassuring, devoted, or enduring partner than you. Thank
you for always thinking I could do it and never failing to remind me I would. I am the scientist,

and person, I am because of you. You are my whole world. I love you to the moon.

vi



Dedication

To the families who contribute their time to research and make science possible.

vil



Introduction

Humans are altricial, depending strongly on parents to meet basic needs (Rajecki et al.,
1978). While adults possess a sophisticated set of behavioral and cognitive tools to keep
themselves safe, these skills are not yet available to the immature child (Debiec & Olsson, 2017).
Subsequently, children must rely on more capable and trusted others, like parents (Bowlby,
1969; Hofer, 1994; Landers & Sullivan, 2012). Given the limited experiential knowledge
available early in life, young children consistently look to caregivers to determine how best to
interact with their increasingly complex environments (Murphy, 1964; Sorce et al., 1985;
Walden & Baxter, 1989). Attending to parent cues may be particularly important in the context
of emotional information when developing an understanding of how to respond to surroundings
is critical for survival (Landers & Sullivan, 2012). These parental affective information-
gathering processes not only ensure young children’s immediate safety but may also represent an
initial step in a cascade of learning behaviors that lay the foundation for future independent
behavior (Ainsworth, 1969).

Why parents?

Child development does not occur in a vacuum. Instead, there is an extremely rich world
that children interact with and learn from daily. While many factors can impact development,
arguably the most influential of these is the caregiving environment. Extensive work has
established the critical role of caregivers in children’s development and ultimate independence
(Ainsworth, 1969; Bowlby, 1982; Bronfenbrenner, 1986). Children depend on and learn from
parents starting in the prenatal period, with newborns recognizing and demonstrating preferences
for parent-associated stimuli at or near birth (DeCasper & Fifer, 1980; Hepper, 1995; Lee &

Kisilevsky, 2014). Because of the extended period of childhood afforded to humans, caregivers



play a continual role in children’s lives, rendering them uniquely positioned to demonstrate an
outsized impact on development throughout the first two decades of life and beyond (Tottenham,
2020).

The early attachment bond between caregiver and child is a learned one, providing
infants otherwise incapable of survival with someone to meet their emotional and physical needs
(Bowlby, 1969). This reciprocal and enduring relationship not only ensures children’s survival
and regulation but renders the parent a highly influential factor in emotional learning processes
(Murphy, 1964). Unlike typical reinforcement learning strategies which encourage reward-
seeking and punishment avoidance (Dayan & Niv, 2008), attachment-based learning processes
promote proximity-seeking to parent-associated stimuli (Bowlby, 1969). Approach orientation to
attachment-relevant stimuli seems to appear regardless of the nature of the parent-offspring
relationship or the objective attractiveness/emotional valence of those stimuli (Rajecki et al.,
1978). For example, preweaning rat pups confined to the nest do not show the engagement of
fear learning systems but instead demonstrate enhanced preference learning, likely to increase
the probability of attachment formation (Sullivan et al., 2000). Similarly, the neurobiological
circuitry involved in fear learning does not appear responsive to threat-relevant cues in human
infants (Graham et al., 2013).

Interestingly, by the post-weaning transitional period to independence, parental presence
seems to fully modulate the employment of affective learning systems. That is, rat pups in this
age range who undergo an odor-shock conditioning procedure in the presence of their
anesthetized parent will demonstrate a preference for that odor despite the negative experience
associated with it, but an avoidance for that same odor if conditioned in parents’ absence

(Moriceau & Sullivan, 2006). Similar findings have been observed with young children who



undergo aversive conditioning: these children show a preference for a stimulus paired with an
aversive noise if conditioning occurred in the presence of their uninvolved parent (Tottenham et
al., 2019). Though potentially counterintuitive, a valence-independent preference for parent-
associated stimuli may be an adaptive learning mechanism in early life; a proclivity for parental
stimuli ensures that young children remain in proximity to their survival means. In this way, the
most readily available safety mechanism for young children involves forming a preference for
parent-affiliated stimuli. These parental-preference learning processes are thought to be
accomplished through caregiver buffering of early fear learning systems (Gunnar et al., 2015;
Gunnar & Sullivan, 2017)

Parental buffering enables young children to explore and learn from their environment.
By promoting approach and exploration, early attachment figures encourage children to begin
autonomous information gathering in the presence of a secure base, setting the stage for future
independent functioning (Bowlby, 1955). The attachment bond, therefore, provides children with
a readily available mechanism for comfort (Harlow et al., 1965), but also a conducive
environment to learn from their surroundings. This also suggests that parents may serve a
privileged role in early emotional learning and exploration. That is, young children may
preferentially explore the information they learn from or associate with their parents (Zarbatany
& Lamb, 1985). In addition to their role as buffers, parents can also potentiate the transmission
of emotional information to their children through vicarious learning processes (Debiec &
Olsson, 2017; Zarbatany & Lamb, 1985).
How do children learn emotional information from parents?

Emotional learning is imperative in childhood and can be accomplished through multiple

pathways (conditioning, modeling, information transmission, etc.) (Rachman, 1977). Many of



these forms of learning enable children to successfully navigate their surroundings by depending
on the affective evaluation or presence of their parents (Bilodeau-Houle et al., 2023; Campos et
al., 1978; Gerull & Rapee, 2002; Muris et al., 2010; Silvers et al., 2021). For example,
previously discussed work has demonstrated the impact that physical parental presence has on
aversive conditioning processes in early life (Moriceau & Sullivan, 2006; Tottenham et al.,
2019). Modeling, or observing parents’ reactions to stimuli, is also a prevalent way by which
children acquire affective information. Work in this domain has shown that children demonstrate
increased fear and avoidance of stimuli if they first watch trusted others, like their parents, react
negatively to those stimuli (Dubi et al., 2008; Dunne & Askew, 2013; Gerull & Rapee, 2002).
Similarly, rat pups acquire fears via maternal observational learning processes (Debiec &
Sullivan, 2014). In this way, parental vicarious learning is a robust pathway by which parents can
potentiate the transmission of affective information in children. Finally, verbal information
transmission is carried on by parents in an almost unceasing fashion throughout early
development and has been proposed to be one of the most common affective-learning pathways
for children (Rachman, 1977). Multiple studies have shown that children form beliefs, including
fears, depending on emotional information verbally relayed by parents (Muris et al., 2010;
Reider et al., 2022).

Young children value parents as a trusted information source for early emotional learning
(Reider et al., 2022). Following appraisal, children use the information obtained from their
parents to approach or avoid situations accordingly (Hornik & Gunnar, 1988; Sorce et al., 1985;
von Hofsten & Siddiqui, 1993). This notion is also supported by classic attachment theory
(Ainsworth, 1992), which proposes that parents act as both a “secure base” from which children

can independently explore their environments and a “haven of safety”, to which children can



reliably return during times of fear (Ainsworth, 1969; Bowlby, 1982). Parents therefore not only
serve as a critical source of emotional information but influence the development of children’s
affective learning systems, subsequently supporting the maturation of eventual independent
responsivity.

Importantly, parent anxiety behaviors may be a particularly strong conduit of fear
information. While genetics play a role in the transmission of anxiety from parent to child, the
majority of the etiological variance is thought to be caused by environmental learning factors
(Eley et al., 2015; Vasey & Dadds, 2001). Multiple explanations have been suggested to describe
these learning mechanisms, including referencing, information transmission, and reinforcement
(Fisak & Grills-Taquechel, 2007). Previous experimental work has shown that anxious parents
demonstrate the strongest effects on children’s fear-based avoidance during modeling procedures
(Muris et al., 1996). Subsequently, repeated exposure to certain parental behaviors, like anxiety,
may enhance the likelihood or salience of fear information transmission between parents and
children. These transmission effects may also be particularly pronounced in the context of stress.
That is, stressful events in the environment can lead to changes in parental behavior, inducing
enhanced anxiety or fear-like behaviors, that signal information to young children about their
surroundings (Eltanamly et al., 2021; Green et al., 1991; Grover et al., 2005; Platt et al., 2016).
How long do individuals rely on parents for emotional information?

The bond between parent and child is uniquely enduring in humans, spanning infancy
through adolescence, and even in some cases into adulthood. While a large body of past
empirical and theoretical literature has highlighted the overarching influence of parents on early
development (Ainsworth, 1969; Bronfenbrenner, 1986; Hofer, 1994) and the ability of young

children to learn affective information from parents, additional work is required to characterize



the direct and indirect mechanisms underlying parent-child affective information gathering. This
is especially true later in development (i.e., childhood and adolescence), a period marked by
pronounced changes in social relationships and self-regulation processes (Steinberg & Morris,
2001). However, the continued proximity of parents suggests that caregivers remain relevant
social modulators of behavior well into adolescence (Guassi Moreira & Telzer, 2018; Helsen et
al., 2000; Meyer et al., 2022). By adulthood, individuals possess the capacity for independent
functioning, indicating that sometime during development, affective learning strategies must
move away from the parentally-dependent systems classically observed early in life.
Developmental shifts in emotion-regulation strategies are critical to successful socio-emotional
functioning in the absence of consistent parental presence. However, outstanding questions
remain regarding whether older children and adolescents look to or depend on parents in times of
fear or uncertainty. This information is necessary to complete the developmental trajectory of
affective learning and regulation systems.
The present studies

Characterizing the mechanisms underlying parent-child emotional information gathering
is imperative to understanding the basic affective learning processes that set the stage for future
emotional well-being. Subsequently, the current dissertation sought to examine multiple
pathways of parent-dependent emotional information gathering, and how these strategies change
over the first two decades of life. In Chapter 1, we investigate parental information-gathering
processes through an indirect pathway, examining whether parents’ fear-related behavior, as
proxied by anxiety symptomology, serves as a conduit between normative stressors and young
children’s behavioral problems. With this indirect pathway of environmental learning through

parental fear behavior established, in Chapter 2 we seek to examine a more direct mechanism of



parent-child emotional information gathering in younger children, via verbally instructed
positive and negative information. More specifically, by comparing approach and exploration
behaviors as a function of informant (parent vs. familiar teacher) we aim to determine whether
caregivers serve as a privileged information source for early instructed affective information to
better establish the unique importance of the parent in these processes. Finally, we extend these
concepts to a wider age range in Chapter 3, to understand whether, as has been classically
established in early life, older children and adolescents reliably look to parents when primed with
emotional information. Overall, the three studies included in this dissertation serve to highlight
the integral role that parents play in emotional-information gathering processes from toddlerhood

to adolescence.



Chapter 1: Parent's anxiety links household stress and young children's

behavioral dysregulation

Please note, chapter published as:

Fields, A., Harmon, C., Lee, Z., Louie, J. Y., & Tottenham, N. (2021). Parent’s anxiety links
household stress and young children’s behavioral dysregulation. Developmental

Psychobiology, 63(1), 16-30. https://doi.org/10.1002/dev.22013
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Abstract

Young children rely heavily on their caregivers to gain information about the
environment, especially during times of duress. Therefore, considering parental assessments of
behavior in the context of stressful environments may better facilitate our understanding of the
longstanding association between early environmental stressors and changes in child behavior
and physiology. Confirming many previous reports, a higher degree of household stress exposure
was associated with elevated mental health symptoms in 2- to 6-year-old children (N = 115)
(anxiety and externalizing behaviors), which were verified in a subset of children with
laboratory-based behaviors (N = 46). However, these associations were mediated by parental
anxiety symptoms, which was also associated with increased cortisol levels in children. A closer
look at the stressors indicated that it was the adult-targeted, and not the child-targeted, stressors
that correlated most with children’s behavior problems. These results highlight the importance of
considering the mediating effect of parents, when examining associations between household

stress and young children’s behavioral development.



Introduction

Decades of research have established a link between childhood stress and heightened risk
for emotional behavior problems, alterations in brain development and stress physiology, as well
as psychopathology later in life (Green et al., 2010; Hanson et al., 2015; Lupien et al., 2009;
McEwen, 2008; Werner et al., 1967). Extremely stressful experiences, including community
violence, poverty, living in war-zones, and natural disasters have all been associated with these
alterations (Amone-P’Olak et al., 2007; Fowler et al., 2009; Green et al., 1991; Huaqing Qi &
Kaiser, 2003; McEwen, 2008; Noble et al., 2012; Swenson et al., 1996; Theall et al., 2017).
Stressful events are unfortunately quite common during early childhood, with 46% of children in
the United States having faced at least one adverse childhood experience (Sacks et al., 2014), and
young children facing the greatest risk (CDC, 2019).

Previous research has highlighted parental psychopathology as a mediator of these
associations, motivated by the logic that early instances of stress often include, and directly
impact the caregiver as well as the child. Moreover, stress-induced alterations in the caregiver’s
behavior can significantly impact the child’s development. The family stress model has posited
that experiences of financial hardship indirectly influence problematic child behavior through
increased emotional distress in caregivers and subsequent disrupted parenting practices (Conger
et al., 2002). In line with this theoretical framework, parents’ symptomatology has been shown to
mediate the association between financial hardship and preschoolers’ distress, internalizing
behavior, and externalizing problems (Conger et al., 2002; Kiernan & Huerta, 2008; Rijlaarsdam
et al., 2013). Similarly, following natural disasters and exposure to war, parental distress and
posttraumatic stress disorder (PTSD) symptomatology have been linked to the presence and

duration of preschool and school-age children’s emotional and behavioral problems (La Greca et
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al., 1996; Lewis, 1942; Scheeringa & Zeanah, 2008; Swenson et al., 1996). This link has also
been demonstrated intergenerationally, with maternal anxiety and depressive behavior mediating
the association between maternally-experienced adverse childhood events, and preschoolers’
internalizing and externalizing behaviors (Letourneau et al., 2019). Similarly, links between
parental psychopathology and children’s outcomes have been observed at the level of stress
physiology, with parental psychopathology showing associations with altered cortisol levels in
children for both diurnal rhythms and in response to stressors (Brennan et al., 2008; Dougherty,
Smith, et al., 2013; Dougherty, Tolep, et al., 2013; Vinska et al., 2016). Measures of physiology
might be particularly useful to obtain in studies concerning the mediating effects of parental
psychopathology on child outcome, as parental psychopathology may impact reporting validity.
These studies highlight the mediating role of parental symptoms in the context of extreme stress,
suggesting that the development of behavioral problems in young children is strongly tied to
their caregivers’ responses to stressful events. The present study aimed to examine the role of
parents’ behavior in linking more common, everyday household stressors and young children’s
outcomes. Since parental behaviors should be especially influential for younger ages, the current
study focused specifically on young children (2-6 year olds).

During early childhood, emotional responding is primarily regulated by the parent
through multiple routes. For example, starting in infancy, children seek out parental cues when
evaluating novel contexts and stimuli (i.e., social referencing) (Zarbatany & Lamb, 1985).
Parents’ anxious or fearful behavior is often a readily visible and apparent cue, which can be
transmitted via social referencing to young children (Burstein et al., 2010; Murray et al., 2008;
Sorce et al., 1985). In contrast, parents’ regulated behaviors have been shown to successfully

buffer young children’s responses to stressful environments (Katz & Gottman, 1997). This work
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supports the idea that parental cues can be important guides for young children’s behavioral and
emotional development, and these behaviors can be especially salient during stressful times
(Callaghan & Tottenham, 2016).

While extreme stressors have been shown to increase risk for negative outcomes in
children, the links between more normative household stress and child symptoms have received
considerably less attention. Less devastating and more routine experiences have also been
associated with problematic behavior and later psychopathology. Household stressors, or life
events as termed by Coddington (1972), represent a range of potentially stressful, but frequently
encountered life-changing experiences, such as parental divorce, arguments with siblings, and
changing schools. While experiencing a single household stressor, like parental divorce or
unemployment, has been associated with behavioral and emotional problems in school-age
children (Harland et al., 2002; Kroes et al., 2002), an accumulation of household stressors (e.g.,
school problems, familial illness, and arguments between parents) predicts school-age children’s
anxiety symptoms (Platt et al., 2016). These findings suggest that even commonly-occurring
household stressors are correlated with children’s behavior problems.

Although parental symptoms have been examined within the context of household
stressors, their role in explaining child outcome has not yet been established. In one study of
older youth (i.e., school-age children and adolescents), parental symptomatology was not found
to mediate the link between household stress and youth anxiety (Platt et al., 2016). However, the
parent sample was clinically anxious, raising the possibility of ceiling effects due to a restricted
range of parental anxiety. Additionally, parental anxiety itself was not tested in isolation, but
rather a sum score of various parental psychopathology symptoms was used. While different

forms of parental mental health problems, like depression, have shown strong ties to young
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children’s behavioral and physiological outcomes (Dougherty, Smith, et al., 2013; Dougherty,
Tolep, et al., 2013; Murray et al., 1996), anxiety might be particularly important to examine in
isolation when considering the behavioral transmission of parental symptoms, as parental fear
behaviors are available cues that have been shown to modulate young children’s behavior during
stressful scenarios (Sorce et al., 1985). Instead of parental symptomatology, Platt and colleagues
(2016) found that parenting-related stress mediated the link between household stress and youth.
Parenting-related stress, or ‘parenting hassles’ (Crnic et al., 2005), has emerged as a mediator of
this association in other studies as well, including samples of young children with previous
clinical referrals (Ostberg & Hagekull, 2013). This work suggests that parental phenotypes play
an important role in explaining young children’s behavioral outcomes even in the context of
normative household stress. However, directionality between parenting-related stress and child
behavior can be particularly difficult to determine when children’s behavior is problematic
(Neece et al., 2012), considering that parenting-related stress is evaluated using items
specifically regarding the child.

The present study sought to assess whether, even within a normative range of household
stress in a non-clinical sample, parental anxiety symptomatology mediated the link between
household stress exposure and behavioral outcomes among young children (i.e., anxiety and
externalizing behaviors). We anticipated that increased household stress and parent anxiety
would be associated with heightened anxiety and externalizing behaviors in young children. To
support the assessments of parent-reported behaviors, observable in-laboratory child behavior
and child cortisol was measured. We also conducted exploratory analyses to examine the

potential differential impacts of child-targeted versus adult-targeted stressors on child outcomes.
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Methods
Participants:

Participants included 115 young children 2 to 6 years of age (M = 4.26, SD =. 80) from
the community and their parents, recruited originally from state birth records, posted flyers or
friend referral for two separate studies, one to examine normative preschool temperament (N =
52) and the other to study fear conditioning (N = 104), with 41 participating in both studies (See
Table 1.1). Parents were told the purpose of both studies was to examine normative emotional
development. To increase sample size, we combined both cohorts into the current study, as no
significant differences were noted in recruitment procedures or key variables between
participants who had completed the temperament study, conditioning study and both studies (i.e.,
household stress, parent anxiety, child anxiety or externalizing behavior). During telephone
prescreening, parents reported that children had never been diagnosed with any
behavioral/psychological diagnoses, neurological problems or learning disabilities. We asked
that the primary caregiver accompany the child to the visit. The Institutional Review Board at the
University of California Los Angeles approved the protocol, and all parents provided written
consent. In total, parents completed questionnaires concerning household stressors (N = 78),
parental anxiety (N = 102), parenting-related stress (N = 81), and child behavior (N = 115), while
subsets provided laboratory behavior (N = 46) and cortisol assessments. Salivary cortisol was

collected from children at home across a two-day period (N = 56).

Measures:

Household Stress:
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Household stress was assessed using a version of the Coddington Life Events Scale
(Coddington, 1972). This 40-item questionnaire assesses the presence and impact of a range of
normative household stressors that could have occurred within the past 3 or 12 months. In the
current study, we only chose to examine events that had been experienced within the past 3
months, as the majority of events endorsed for the 12-month period had occurred within the past
3 months. Parents rated the impact of each event using a 4-point scale with a score of 0
corresponding to an event that had “no impact” on the child, and a score of 3 corresponding to an
event that had a “great deal” of impact on the child. Weighted scores were calculated by
multiplying the presence of any endorsed item by the impact rating. These individual weighted
scores were then summed to create a total sum score of weighted household stress exposure for
each participant (See Table 1.2). Natural log transformation was performed to normalize the
distribution of the data (Skew = 1.87).

In addition to this total score, we also separated items to create two additional subscales
for an exploratory analysis: child-targeted and adult-targeted stressors. The child-targeted
stressor score comprised the summed weighted total of items deemed to impact children more
than adults based on those items encompassing child-targeted language and events directly
experienced by children (i.e., increase in number of arguments between you and your siblings).
The adult-targeted stressor score comprised the summed weighted total of items deemed to
impact adults more than children based on those items encompassing adult-targeted language and
events directly experienced by adults (i.e., change in parents' financial status) (Table 1.4). Note
that items could be included in the child-targeted and adult-targeted stressor scales if they
encompassed events equally targeted at children and adults (i.e., death of significant family

member or friend). An independent-samples #-test revealed that there was no significant

15



difference in the instrument-provided ‘trauma’ values (i.e. Life Change Units) for child-targeted
stressors (M = 38.1, SD = 6.38) and adult-targeted stressors (M = 50.0, SD =22.6); #(21) =-1.51,
p = .15 (Coddington, 1972). However, in our sample, child-targeted stressors were rated overall
as significantly more impactful (M = .22, SD = .21) than adult-targeted stressors (M = .13, SD =
.22) by parents in the current study, #(77) = 3.99, p <.001. Due to a skewed, and zero-heavy,
distribution of both the adult (Skew = 2.15) and child-targeted stressor scores (Skew = 1.56),
these subscales were transformed into binary variables, representing the presence or absence of
at least one child-targeted or adult-targeted stressor. Of the 78 children with household stress
data, 43 children had experienced at least one child-targeted stressor and 22 children had parents

who experienced at least one adult-targeted stressor (Figure S1.1).

Parental Anxiety:

Parental trait anxiety was evaluated through the 20-item trait subscale of the Spielberger
State/Trait Anxiety Inventory (STAI) (Spielberger, 1983). This measure assesses anxiety
symptomatology using a 4-point scale with responses ranging from “almost never” to “almost

always” and demonstrates high convergent validity (Spielberger, 1989) (See Table 1.2).

Parenting-Related Stress.:

Parenting-related stress was determined using the parenting stress index-short form (PSI-
SF) (Abidin, 1990). The PSI-SF is a questionnaire used to determine the level of stress
specifically associated with parenting by using a 5-point scale ranging from “strongly agree” to
“strongly disagree” for 24 parenting-related stressors (Abidin, 1995). An average parenting stress

score was obtained by calculating the mean score on this index from 81 participants. This scale is
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reverse coded, such that higher scores represent lower endorsement of parenting stress.

Exponential transformation was performed to normalize the distribution of the data (Skew = -

1.40).

Child Anxiety and Externalizing Symptomatology:

Child anxiety behaviors were assessed using the parent-reported Screen for Child Anxiety
Related Disorder (SCARED-P) (Birmaher et al., 1997). Although the SCARED’s clinical cut-off
scores were originally validated for use in children 9-18 years old (Birmaher et al., 1997), and
more recently in children as young as 5-years-old (Sequeira et al., 2019), we were not interested
in determining clinical cut-offs, but rather using it to provide a continuous measure of child
anxiety behavior. Externalizing behavior was evaluated using the parent-reported form of the
Child Behavior Checklist for ages 1.5-5 (Achenbach & Rescorla, 2000). The CBCL is a 120-
item assessment in which child behaviors can be reported using a 3-point scale (Achenbach et
al., 2003). In order to assess child externalizing symptomatology, the T-scores for the
externalizing subscale of the CBCL were used.

We chose to use the SCARED anxiety scale over the CBCL internalizing scale to assess
anxiety symptomatology because previous research has indicated significant shared variance
between the internalizing and externalizing subscales of the CBCL, thus potentially representing
“contaminated” scales rather than comorbidity (Goodman, 2001; Goodman & Scott, 1999). Our
own analyses confirmed this shared variance, (#(109) = .68, p < .001), while the correlation
between the SCARED anxiety scale and the CBCL externalizing subscale was weaker (7(101) =
.35, p <.001). Moreover, a regression analysis that included both CBCL internalizing and

SCARED anxiety showed that CBCL internalizing problems remained a significant predictor of
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CBCL externalizing problems (B = .69 ¢ = 7.55, p < .001, R* = .43), while the SCARED did not
(B=.008, t=.34, p=.73, R?> = .43), showing independence from the CBCL externalizing
measure. Therefore, we opted to use the SCARED anxiety and CBCL externalizing scales to
assess distinct dimensions of anxiety and externalizing behavior. Log transformation was utilized

to normalize the distribution of both scores (See Table 1.2).

Child In-Laboratory Behavior:

Child behaviors were additionally assessed in a subsample to support measurements of
parent-reported behavior using in-laboratory observations of two episodes adapted from the
Laboratory Temperament Assessment Battery (Lab-TAB): Snack Delay and Tower of Patience
(Goldsmith & Rothbart, 1996). For the Snack Delay episode, a piece of candy was placed under
a cup by the experimenter, and the child was told to wait until the experimenter rang a bell
before picking up the cup to eat the candy. The Tower of Patience episode involved an
experimenter and child taking turns building a tower with blocks, with the experimenter
increasingly delaying the length of her turn. Each episode was coded by two independent coders
according to a standardized coding scheme for representative behaviors (Table 1.3). Coders rated
both the presence and intensity of each behavior during the episodes. According to Lab-TAB
protocols, each episode was divided into epochs based on task-based markers, and the presence
and presentation of each behavior was summed and then divided by the number of epochs to
create mean behavior scores (Gagne et al., 2011). Because the Tower of Patience episode was
completed twice, each tower behavior score was averaged into a single variable. Behavioral data
were coded by two independent, trained coders, who double coded 93% of the data and

demonstrated high inter-rater reliability (Cronbach's as = .839 - .995). For cases when scores
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from both coders were available, behavior scores were averaged between coders to create one
mean score for each behavior. For the remaining cases, individual coder scores were used as the

behavioral score.

Behavioral Factor Creation:

A factor analysis was performed with scores from the Snack Delay and Tower of
Patience behavior episodes to extract their common variance. Nine behaviors from the Lab-TAB,
which had face-validity for the behaviors of interest (anxiety and externalizing behavior), were
selected for factor analysis (Table 1.3). It was determined that all nine behaviors of interest from
the Snack Delay and Tower of Patience were correlated at a minimum absolute value of .3 with
at least one other behavior. These nine behaviors were then entered into a principal components
factor analysis. The Kaiser-Meyer Olkin measure of sample adequacy was just below the
recommended cutoff of .5, at .47, and Bartlett’s test of sphericity was significant (y’(36) = 111.3,
p <.001). Finally, communalities were all greater than the recommended value of .4.

Initial eigenvalues indicated that factors 1 to 3 exceeded the standard threshold of 1, and
explained 29.0%, 21.6%, and 12.3% of the variance respectively. Factors were examined using
the varimax rotation matrix, and all variables were required to load onto at least one factor at >.5.
Cross-loading of variables to different factors was allowed. Factor 3 was subsequently
eliminated from analyses because of insufficient primary loading (only 2 variables or less
loading to factor; 4/20/2023 5:47:00 PM. Factors 1 and 2 demonstrated sufficient primary
loading, with loading values to the rotated component matrix exceeding .61 for at least 3
variables for each factor, and were saved as individual items characterized based on investigation

of the primary loading variables. The first factor was termed “internalizing behavior”,
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encompassing the nonverbal distraction and fidgeting behaviors from both episodes, and was
deemed representative of anxiety symptoms as both fidgeting and distractibility are considered
symptoms of anxiety in young children (Ronan, 1996; Volbrecht & Goldsmith, 2010). The
second factor was termed “externalizing behavior”, encompassing the anticipatory and verbal
distraction behaviors from both episodes, and was deemed representative of externalizing
behavior, as young children with externalizing problems are prone to outward displays of

impulsivity, poor behavioral regulation (Eisenberg et al., 2001) and distraction (Liu, 2004).

Cortisol Measurement:

Families provided cortisol samples at four time points across two successive (or near
successive) days at home: wake, 45 minutes after wake, SPM, and 8PM. They were informed
that cortisol should be collected before, or at least 15 minutes after eating and drinking, and not
to collect samples on days when children felt ill. For collection, parents were instructed to place
two sorbettes under their child’s tongue for 1 minute, according to Salimetrics protocol. Samples
were then stored in a locked -20° C freezer, until being shipped on dried ice to Dr. Clemens
Kirschbaum’s Biological Psychology Laboratory at the Technical University Dresden for
analyses. Using a daily diary, parents reported that children had no major illnesses or fever, and
were not taking any medication on days when cortisol was collected. While past work has
suggested trait-like stability in diurnal cortisol in slightly older children (Shirtcliff et al., 2012),
in the current study, we included two days of cortisol measurements when possible to increase
the reliability of the measurements. Values between the two successive days were averaged to
create one cortisol value for each time point of interest. For cases when one of two cortisol

values was missing due to data loss (N = 12) it was replaced with the individual value of cortisol
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at the corresponding time point. Averaged cortisol levels for each time point were subjected to
log transformation to normalize the distribution of the data. Outliers which fell 1.5 times above
the top or below the bottom quartile of the log transformed mean cortisol levels for each time

point were removed (N = 10), leaving us with a final sample of 46 children with usable, home,

diurnal cortisol data.

Analysis Plan:

Primary analyses were centered on the question of whether parental anxiety statistically
explained the association between household stress and children’s outcomes. Therefore, two
separate linear regressions tested associations between household stress and child a) anxiety
scores and b) externalizing problems, and mediation tests assessed whether parental anxiety
mediated these associations. Parenting-related stress was not the focus of the current paper, but
motivated by past research on parenting-related stress (Ostberg & Hagekull, 2013; Platt et al.,
2016), we additionally tested whether the associations described above between parental anxiety
and children’s behavior problems were mediated by parenting-related stress. To strengthen our
confidence in the parent reports of children’s behavior, we assessed the associations between
parent-reported children’s behavior in the subsample that also had in-laboratory behavior.
Associations between parental anxiety and children’s cortisol levels were also tested in the
subset with these data. A repeated-measures ANCOVA was used to assess interactions between
parental anxiety and time of day for children’s home cortisol. Finally, exploratory ANCOVAs
examined associations between child-targeted and adult-targeted stressors with child behaviors

(see Appendix A for full data analysis plan).
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Results
Household Stress Exposure and Behavior:

Linear regression analyses were conducted to investigate the association between degree
of household stress exposure and parent and child behavior, controlling for child age and sex
(See Table 1.2 for descriptive information). There were significant associations between
household stress and child anxiety scores and child externalizing problems (Figure 1.1A), such
that increased exposure to household stress was associated with increased child anxiety scores (B
=15, 8= 37,t=3.32, p=.001, R?> = .20) and externalizing problems (B =.042, f= 31, t=
2.79, p = .007, R*> = .16). There was also a significant association between stress exposure and
parent anxiety scores, such that increased household stress exposure was associated with higher
parental anxiety scores (B = 4.40, 8= .38, t=3.24, p = .002, R* = .15). See Table 1.5 for a

bivariate correlation table of variables.

Association between Parent-Reported Behaviors and Observed In-Laboratory Behaviors:
To confirm parent reports of child behavior, observed behavioral factor scores (from Lab-

TAB) were entered into two separate linear regression analyses predicting parent-reported
behaviors of interest, controlling for child age and sex. There was a significant association
between Factor 1 (observed internalizing behavior) and parent-reported child anxiety, such that
increased observed internalizing behavior was associated with increased parent-reported anxiety
behavior (i.e., SCARED) (B = .094, = .35, t=2.25, p=.031, R* = .18). Similarly, there was a
significant association between Factor 2 (observed externalizing behavior) and parent-reported

child externalizing symptoms, such that increased observed externalizing behavior was
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associated with increased parent-reported externalizing symptoms (i.e., CBCL) (B =.033, f =

42, t=2.86, p=.007, R* = .19) (Figure 1.2).

Household Stress and Child Behavior: Mediation by Parental Anxiety Scores

Two separate mediation analyses were conducted using the PROCESS macro in SPSS
version 25 (Hayes, 2017), testing parental anxiety as a mediator between the independent
variable of household stress and two dependent variables, child anxiety scores and externalizing
problems (see Figure 1.1B). Significant mediations were determined using bias-corrected
bootstrapped confidence intervals. The association between household stress and child anxiety
scores, without mediation, was significant (path ¢) (B = .15, SE =.046, t =3.32, p = .001), as was
the association between household stress and parent anxiety (path a) (B =4.69, SE=1.39, t=
3.37, p = .001), with the association between parental anxiety and child anxiety falling just above
the .05 significance threshold (path b) (B =.009, SE =.004, t = 1.99, p = .052). The confidence
interval for the indirect effect did not include zero (B = .040, CI [.002, .11]), although the
association between household stress and child anxiety scores (path ¢”) remained significant (B =
12, SE=.051,t=2.30, p =.025). Thus, the association between household stress and child
anxiety was partially statistically mediated by parental anxiety scores. For the second mediation
model testing child externalizing problems as the outcome, the initial association between
household stress and child externalizing problems, without mediation, was significant (path c¢) (B
=.042, SE = .015,t=2.79, p = .007). The association between household stress and parent
anxiety (path a) was significant (B =3.69, SE=1.41,¢t=2.61, p=.011), as was the association
between parental anxiety scores and child externalizing problems (path b) (B = .005, SE = .001, ¢

=3.33, p =.002). The confidence interval for the indirect effect did not include zero (B =.017,
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CI[.004, .039]), and the association between household stress and child externalizing problems
was no longer significant when including parental anxiety as the mediator (path ¢’) (B =.026, SE
=.016, t=1.62, p =.11). Thus, the association between household stress and child externalizing

problems was fully statistically mediated by parental anxiety scores.

Parent Anxiety Scores and Child Behavior: Mediation by Parenting-Related Stress

Two separate mediation analyses were conducted using the PROCESS macro (Hayes,
2017), testing parenting-related stress as a mediator between parental anxiety scores and the two
dependent variables, child anxiety scores and externalizing problems. Significant mediations
were determined using bias-corrected bootstrapped confidence intervals. For the first mediation
model testing child anxiety as the outcome, the initial association between parent anxiety scores
and child anxiety scores, without mediation, was significant (path c) (B =.016, SE =.004, ¢t =
4.19, p <.001). The association between parent anxiety scores and parenting-related stress (path
a) was significant (B = -2.18, SE = .35, t =-6.19, p <.001), as was the association between
parenting-related stress and child anxiety scores (path b) (B =-.005, SE = .001, t=-3.40, p =
.001). The association between parental and child anxiety scores was no longer significant when
including parenting-related stress as the mediator (path c¢’) (B =.003, SE =.005, t = .54, p = .59),
and the confidence interval for the indirect effect did not contain zero (B =.010, CI [.004, .018]).
Thus, the association between parental and child anxiety scores was fully statistically mediated
by parenting-related stress. For the second mediation model, the association between parental
anxiety scores and child externalizing problems, without mediation, was significant (path c¢) (B =
005, SE=.001, t=4.59, p <.001). The association between parent anxiety scores and parenting-

related stress (path a) (B =-2.13, SE = .36, t = -5.88, p <.001) and the association between
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parenting-related stress and child externalizing problems (path b) (B =-.001, SE = .0004, ¢ = -
2.02, p = .048) were significant. The association between parent anxiety scores and child
externalizing problems remained significant when including parenting-related stress as the
mediator (path ¢’) (B =.004, SE =.002, ¢t =2.19, p = .032), but the confidence interval for the
indirect effect did not contain zero (B =.002, CI [.0004, .005]). Thus, the association between
parental anxiety scores and child externalizing problems was partially statistically mediated by

parenting-related stress.

Serial Multiple Mediation:

Serial mediation analyses were conducted using the PROCESS macro (Hayes, 2017),
testing both parental anxiety and parenting-related stress as mediators of the associations
between household stress and a) child anxiety scores and b) externalizing problems. Significant
mediations were determined using bias-corrected bootstrapped confidence intervals. The
association between household stress and parent anxiety was significant (path a) (B =4.69, SE =
1.39,t=3.37, p=.001), as was the association between parental anxiety and parenting-related
stress (path d) (B =-2.02, SE = .39, t =-5.14, p <.001), and the association between parenting-
related stress and child anxiety scores (path b) (B =-.004, SE =.001, t=-3.17, p =.002). The
confidence interval for the indirect effect of the full model did not include zero (B =.039, CI
[.009, .093]), although the association between household stress and child anxiety scores (path
¢’) remained significant (B = .10, SE =.048, t =2.08, p = .041). For the second mediation model,
the association between household stress and parent anxiety was significant (path a) (B = 3.69,
SE=141,t=2.61, p=.011), as was the association between parental anxiety and parenting-

related stress (path d) (B =-1.98, SE = .39, t =-5.05, p <.001), with the association between
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parenting-related stress and child externalizing problems falling above the .05 significance
threshold (path b) (B =-.0008, SE = .0005, t = -1.84, p = .071). The confidence interval for the
indirect effect of the full model did not include zero (B = .006, CI [.0002, .018]), and the
association between household stress and child externalizing problems was no longer significant
when including parental anxiety and parenting-related stress as mediators (path ¢’) (B =.022, SE

=.016,¢=1.39, p=.17).

Cortisol:

A repeated measures ANCOVA was conducted to examine the association between
home-cortisol across the day, entered as four time points (wake, wake + 45, SPM and 8PM) as
the within-subjects factor, and parental anxiety scores, controlling for child age and sex. Because
Mauchly’s Test of Sphericity was not significant (p = .69), the assumption of sphericity was not
violated. As hypothesized, there was a significant effect of time on cortisol values, F(3, 114) =
7.03, p <.001, yp? = .16, such that cortisol decreased across the 4 times points. There was also
an interaction of time and parental anxiety scores on cortisol values, (3, 114) =3.02, p =.033,
np’=.074. To examine the source of the interaction, a post-hoc hierarchical linear regression
was conducted, which revealed that 8PM cortisol was significantly associated with parental
anxiety scores. Specifically, higher parental anxiety scores were associated with increased child
8PM cortisol, when controlling for child age, sex, and cortisol measurements during the alternate

time points (B = .013, #= 39, SE = .005, ¢ = 2.49, p = .018) (Figure 1.3).

Binary Categorizations of Adult vs. Child Stressors:
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To further understand how household stressors impact children, we conducted an
exploratory analysis that split household stress items into child-targeted and adult-targeted
stressor variables (Table 1.4). Univariate ANCOV As, adjusted for child age, sex, and alternate
child-targeted or adult-targeted stressor subscales, were used to investigate changes in child
behavior associated with child-targeted and adult-targeted stressors. Child-targeted stressors
were not significantly associated with children’s anxiety scores F(1,67) = .074, p = .79, np’>=
.001, or externalizing problems F(1,68) = .35, p = .56, np’ = .005. We followed up these
analyses with Bayesian Independent Samples T-Test models in JASP (Love et al., 2019) to
assess the likelihood of the null hypothesis. For child anxiety scores, the Bayes factor indicated
that the data were 2.26 times more likely to be observed under the null hypothesis than the
alternative hypothesis. For child externalizing problems, the Bayes factor indicated that the data
were 3.96 times more likely to be observed under the null hypothesis than the alternative
hypothesis. These analyses are consistent with there being no significant difference in children’s
behavioral outcomes between those exposed to a child-targeted stressor and those who were not.
In contrast to the null findings for the child-targeted stressors, adult-targeted (i.e. to the parent)
stressors were significantly associated with increased anxiety scores F(1,67) = 4.97, p = .029,
np’ =.069, and externalizing problems in children F(1,68) = 16.8, p < .001, np? = .20 (Figure

1.4).

Discussion
Here, we showed that increasing exposures to stress, even when within a normative
range, are associated with heightened behavioral problems (i.e., anxiety symptoms and

externalizing problems) and elevated stress hormone production in young children. However,
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children’s phenotypes (which were supported through in-lab observation of behavior) were also
correlated with parents’ anxiety symptoms, which statistically mediated those links between
exposure to household stressors and child symptoms. These associations support the hypothesis
that household stress relates to child outcomes (at least in part) via parental routes. Further
adding to this claim was the finding that adult-targeted—but not child-targeted stressors—were
those associated with child symptoms. In other words, the stressors directly targeting the child
did not correspond to their anxiety or externalizing behaviors, but instead the stressors targeting
their parents did. This is especially noteworthy because parents rated the child-targeted stressors
as more impactful for their children than the adult-targeted stressors. Although there always
exists a concern that parent reports of child behavior will be biased, the parent-reported
behaviors in the current study received empirical support through direct observations of
children’s behavior in the laboratory. Additionally, parental anxiety scores were positively
correlated with children’s evening cortisol levels, paralleling our parent-reported measures. The
multiple metrics, including parent report, laboratory observations, and cortisol measures, suggest
parents’ reporting was a fairly accurate description of children’s phenotypes. Overall, our
findings indicate that parents, and specifically parental anxiety symptoms, may be a mechanistic
link between normative household stressors and children’s outcomes.

This work expands upon the prior literature illuminating the important role caregivers
play in modulating their children’s stress response (Gee et al., 2014; Gunnar et al., 2015;
Moriceau & Sullivan, 2006; Tong et al., 2015). However, the majority of previous work in this
domain has focused on school-age children and adolescents. Although parents play a significant
role in older children’s and adolescents’ behavior, relative to early childhood, their dependence

is declining (Callaghan et al., 2019). Importantly, adult-targeted stressors and parental anxiety
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symptoms may be particularly salient for very young populations, and thus, our sample was
restricted to young children (2-6 year olds). This developmental period is especially meaningful
to study in the context of stress and parenting because young children are highly reliant on
caregivers for both physiological and behavioral regulation (Callaghan & Tottenham, 2016;
Hostinar et al., 2015). Our findings support this notion, demonstrating that parental anxiety
symptoms statistically mediated the associations between household stress exposure and
children’s anxiety symptoms and externalizing problems. Notably, adult-targeted stressors were
a better predictor of child symptomatology than child-targeted stressors, consistent with the
hypothesis that parental emotion is particularly potent for young children. This also suggests that
children rely on parents to guide their emotional behavior, harkening to social referencing effects
that have been well documented throughout infancy. As our study was restricted to a very young
age range, these findings raise further questions concerning the specific age at which children
gain independence from this observed parental stress cascade, to modulate behavior in direct
response to their own environments.

Our findings also indicate that the characteristic changes in child behavior problems
following stress may be attenuated by addressing parent behavior. If parental anxiety serves as a
link between household stress and children’s mental health symptomatology, clinical
interventions geared towards children may yield best results if parent symptoms are also
addressed, if not prioritized, following stress exposure. This strategy would not only benefit the
parent, but also provide a practical method to address psychopathology and behavior problems
that start in early childhood.

Previous research has highlighted an association between stress and children’s stress

physiology (i.e., cortisol). Exposure to increased family conflict and/or parental psychopathology
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has been linked to heightened cortisol production in children (Doom et al., 2018; Dougherty,
Smith, et al., 2013; Dougherty, Tolep, et al., 2013). The current study used cortisol to further
support the parent-reported variables of interest, to address potential issues of reporting biases,
and demonstrated a significant association between increased parental anxiety symptoms and
elevated evening cortisol levels. Although based on a correlational design with a small sample
size, this association may indicate that behaviorally as well as physiologically, young children
are sensitive to their parents’ anxiety, even if in the normative range. These hypotheses should be
further tested in larger samples with measures of timing compliance, which we did not have
access to in the present study. However, consistent with this interpretation, rodent models have
shown that maternal fear expression increases pups’ stress hormone corticosterone and fear
behaviors (Debiec & Sullivan, 2014). Both stress exposure and heightened cortisol levels in
childhood have been linked to a number of poor health outcomes including cardiovascular
disease and disrupted immune function (Barr, 2017; Lundberg, 2005). Therefore, addressing
parental anxiety may have important effects on children beyond behavior, promoting
improvements in child health and well-being following stressful experiences.

Though the findings in the current study are based on cross-sectional, correlational data,
causality between parental stress and offspring outcomes has been established in rodent models.
For example, exposure to a stressor in the form of limited nesting material causes anxiety-like
behaviors and subsequent aberrant caregiving in dams (Ivy et al., 2008), which produces
physiological changes in pups (Gilles et al., 1996) and anxiety-like behaviors in adult offspring
(Dalle Molle et al., 2012). It has therefore been suggested that environmental stress is signaled to
offspring through changes in maternal caregiving behavior (Champagne & Meaney, 2006). This

series of events in rodents can be interpreted as following a similar stress cascade as observed in
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our study, such that exposure to stress is associated with increased parental anxiety and changes
in parenting behavior, which is in turn linked to heightened behavior problems and cortisol levels
in children. Taken together, this cross-species evidence informs our current working theory that
anxious behavior in caregivers may serve as a mechanism by which stress in the environment is
translated to young. However, it is important to note that our data were collected at one time
point, and thus, further longitudinal replications are necessary to validate the directionality of
these associations.

The limited past work in this domain has overwhelmingly focused on stress related to
parenting as a mediator, with mixed results. Importantly, when assessing parenting-related stress,
it is impossible to dissociate changes in parent behavior from child behavior, as parenting-related
stress is assessed through questions related to child behavior. Therefore, the current study
considered both measures of parent anxiety and parenting-related stress. Our findings suggest
that household stressors impact children through parental anxiety, and these characteristic
changes in parental anxiety behaviors were associated with heightened risk for behavioral
problems in children via increased parenting-related stress. This work begins to reconcile the
discrepancies in prior literature by assessing both parental anxiety symptoms and parenting-
related stress, to disentangle the reciprocal influence of stress related to parenting and child
behavior symptoms. These results help us provide a novel framework to understand how
household stress influences parental symptomatology and parenting behavior, and increases
children’s risk for negative outcomes.

Our study was constrained by several limitations. Because our sample did not strive to
include families exposed to extreme forms of stress or adversity, we could not obtain a robust

distribution of child and adult-targeted stress exposure, limiting us to binary categorizations for
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these analyses. Further, the incidence of parental anxiety was relatively low, and mostly fell
within a normative range, rather than a clinically significant one. Moreover, the median income
of our sample was relatively high ($100,001 - $150,000), which may limit the generalizability of
our findings. Additionally, since this was a secondary data analysis using information collected
from two separate study samples, there was missing data that limited sample sizes for some
analyses (e.g., behavioral assessments and diurnal cortisol measures, in particular). Due to the
relatively small sample, these findings should be replicated in larger cohorts. This is especially
important for the measures used to support parent report (i.e., lab behavior and child cortisol).
Finally, while we have presented a mediation model here, our data were cross-sectional and
longitudinal samples are therefore needed to establish the true directionality of the pathways
investigated.

Taken together, these data show that adult-targeted stressors and parental anxiety
symptoms are associated with young children’s behavior and physiology, supporting the
hypothesis that parents are significant translators of household stress to children. If this
hypothesis continues to receive support, one implication would be that the route between
household stress and child outcome is not direct. The converse, then, would also be true; namely
parents are able to prevent the transmission of stressful events to their children. This study has
practical implications in that, in the context of stressful households, addressing parental behavior
could have beneficial effects for both the parent and the child. It may even be that supporting the
parent is the most effective way to promote mental health in the child, as has been shown in
populations at high-risk for depression (Pilowsky et al., 2014). By investigating the role of the
parent as a mediator between household stress exposure and child outcomes, we were able to

gain a greater understanding of the mechanism by which household stress may impact early
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development, and underscore the critical role that parents play as conduits between young

children and their environments.
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Table 1.1: Demographics for Chapter 1

Measure Descriptive Statistics N
Child Age (years) M=+ SD: 4.26 + .80 115
Yearly Household Income ($) Median: 100,001 - 150,000 111
Range: <10,000 - >200,001
Child Sex 54.8% F 63/52
Parent Sex 82.6% F 95/7
Child Race
African-American/Black 11.3% 13
Asian-American 20.9% 24
Native Hawaiian/Other Pacific
Islander 1.7% 2
European-American/Caucasian 79.1% 91
Other 12.4% 11
Child Ethnicity
Hispanic/Latinx 18.3% 21
Non-Hispanic/Latinx 80.0% 92
Missing 1.7% 2

Note: Total exceeds 100% to account for those endorsing more than 1 race.
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Table 1.2: Descriptive Statistics for Chapter 1

Measure M SD Range N
Household Stress 2.19 2.73 0-14 78
Parent Anxiety Scores 33.97 8.74 20-65 102
Parenting-Related Stress Mean Scores 4.38 45 2.85-5.00 81
Child Anxiety Scores 9.57 7.84 0-38.37 107
Child Externalizing Problems 43.11 9.59 28 -79 109
Observed Internalizing Behavior (Factor 1) -.010 1.01 -2.05-2.27 46
Snack Delay Fidgeting Score .30 32 0-1.29 46
Snack Delay Nonverbal Distraction Score .68 .36 0-1.49 46
Tower of Patience Fidgeting Score 35 34 0-1.39 46
Tower of Patience Nonverbal Distraction Score 1.05 34 .08 -2.03 46
Observed Externalizing Behavior (Factor 2) .026 1.00  -1.50-2.10 46
Snack Delay Anticipatory Score 1.52 49 1.00-2.67 46
Snack Delay Verbal Distraction Score 31 35 0-1.39 46
Tower of Patience Anticipatory Score 1.70 .62 .86 - 3.64 46
Tower of Patience Verbal Distraction Score .59 .56 0-1.95 46
Cortisol Levels at Wake 18.97 849  7.31-46.50 46
Cortisol Levels at Wake + 45 15.61 6.16  6.39-33.59 46
Cortisol Levels at SPM 4.44 235 1.50-12.58 46
Cortisol Levels at 8PM 2.61 1.86 70-7.72 46
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Table 1.3: Table of LabTAB Behaviors for Factor Analysis

Snack Delay and Tower of
Patience Behaviors

Factor Loadings for Factor 1
Observed Internalizing Behavior

Factor Loadings for Factor 2
Observed Externalizing Behavior

Snack Delay
Anticipatory behavior
Engagement
Fidgeting
Nonverbal Distraction
Verbal Distraction
Tower of Patience
Anticipatory behavior
Fidgeting
Nonverbal distraction

Verbal distraction

-.197

-.016

611

.810

294

-.169

.820

.640

.041

.607

137

-.040

-.090

538

.805

.078

-.207

720

Note: Factor loadings on the varimax rotated component matrix for two factors with sufficient

primary loadings
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Table 1.4: Table of Adult-Targeted and Child-Targeted Stressors

Adult-Targeted Stressors Items

Child-Targeted Stressor Items

Change in parents' financial status

Change of a parent's occupation requiring his/her
increased absence from home

Death of a parent

Death of significant family member or friend
Decrease in number of arguments between parents
Development by a parent of an emotional problem,
such as depression, lasting 3 weeks or more
Divorce of parents

Increase in number of arguments between parents
Jail sentence of a parent for more than one year
Jail sentence of a parent for one year or less

Loss of job by a parent

Marital separation of parents

Marriage of a parent

Mother beginning to work

Mother being pregnant

Serious illness requiring hospitalization of a parent

Significant change in a parent's state of health

Acquiring a visible deformity

Change in your acceptance by peers

Change to a new school

Death of a close friend

Death of significant family member or friend
Decrease in number of arguments with
parents

Discovery of being an adopted child

Having a visible congenital deformity
Increase in number of arguments between you
and your siblings

Increase in number of arguments with parents
Outstanding personal achievement

Serious illness requiring your hospitalization
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Table 1.5: Bivariate Correlation Table for Key Variables

4

10

11

1. Household 1
Stress Scores

2. Parent Anxiety 389"
Scores '

3. Parenting-
Related Stress -.305
Mean Scores

4. Child Anxiety 470"
Scores ’

5. Child .
Externalizing .260
Problems

6. Observed
Internalizing 048
Behavior (Factor 1)

7. Observed
Externalizing 200
Behavior (Factor 2)

8. Raw Cortisol 938
Levels at Wake

9. Raw Cortisol
Levels at Wake + =217
45

10. Raw Cortisol _161
Levels at 5SPM

11. Raw COI’tiSOI 164
Levels at 8PM

-617"

4727

414

.308

238

-.170

-.238

-.229

178

-510"

-431

-.019

-.216

.020

261

187

-.137

1

348"

407"

-.015

-.022

-.400™

-244

.030

.097

A444*

.004

-.257

.019

.066

.012

-.248

128

-.349

-.162

436"

.072

427

304

-.003

.092

242

335"

232

332"

Note: * p <.05; ** p <.01; *** p <.001.
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Figure 1.1: Household Stress, Parent Anxiety, and Child Behavior Mediations
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represent 95% confidence intervals. N = 73. B: Parental anxiety mediation models. The values in

the mediation paths represent unstandardized coefficients and standard error. Tp <.10; *p <.05;

**p <.01.
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Figure 1.2: Correlations Between In-Laboratory Observed Behavior and Parent
Reported Behavior

Child Observed Internalizing Behavior Child Observed Externalizing Behavior
and Anxiety Scores and Externalizing Problems
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Association between observed behavior factors, and child anxiety and externalizing problems. N
= 43. The X-axis represents behavior factor scores. The y axes represent log-transformed child
anxiety ¢ scores and log-transformed externalizing raw scores. The ribbons represent 95%

confidence intervals.
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Figure 1.3: Correlation Between Parent Anxiety and Child Cortisol
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Figure 1.4: Child-Targeted versus Adult-Targeted Stressor Exposure on Child Behavior

Stressor Type and Child Anxiety Scores Stressor Type and Child Externalizing Problems
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N = 73. The Y-axis represents log-transformed child anxiety t scores and log-transformed

externalizing raw scores. Error bars represent 95% confidence intervals. *p <.05; ***p <.001.
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Chapter 2: Parental cueing promotes greater initial exploration of both

positive and negative information during toddlerhood
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Abstract

Parental presence studies demonstrate that young children form robust preferences for stimuli
associated with their parents’ cues, regardless of valence. This affiliative learning is thought to
support the early attachment relationship. However, many unanswered questions remain
concerning the reach of parents’ influence on affective learning. That is, do parents serve as the
most valued information source for emotional content, over and above other familiar adults? In
the current study, we used a within-subjects experimental design to examine affective verbal
information transmission in toddlers (N = 73) as a function of informant (parent vs. familiar
teacher). Specifically, parents and teachers were instructed to teach toddlers about two unfamiliar
animals (four animals total), two of which were described positively (i.e., nicely) and two of
which were described negatively (i.e., fearfully). Toddlers’ verbal choice, geographic approach,
and physical exploration behaviors were measured. In line with past work showing preferences
for aversively conditioned stimuli in the presence of parents, toddlers demonstrated greater
approach and exploratory behaviors toward the animals that their parents initially taught them
about than animals their teachers taught them about (even when both adults were physically
present during instruction), regardless of the valence of the animals. Findings highlight the
preferential feature of parent-associated verbal information in toddlers’ affective learning

Processes.
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Introduction

Toddlerhood is a unique developmental window marked by substantial changes in
emotionality, language, and motor capabilities (Colson & Dworkin, 1997). Despite an increasing
capacity for independent exploration during this period, toddlers remain highly dependent on
their parents. Caregivers serve a proximal role during toddlerhood, representing both a survival
mechanism and a trusted information source for early learning (Bowlby, 1969; Cassidy, 1999).
These parental learning processes are particularly important in the context of affective
information, as recognizing and responding to emotional cues are critical for eventual
independent functioning (Tracy & Robins, 2008). By using emotional information obtained from
parents, toddlers can safely explore new environments, extract relevant information from their
surroundings, and form appropriate expectations of how best to respond in the future (Gunnar &
Stone, 1984; Hornik et al., 1987; Sorce & Emde, 1981; Walden & Ogan, 1988). Early parental
learning pathways are therefore not only foundational to immediate functioning but can promote
the maturation of emotional systems integral for later independence.

Parents influence emotional learning through various avenues. For example, work in the
conditioning domain has shown that parental presence can modulate the approach and
exploration of stimuli associated with parent cues. In rodents, PN-12 to PN-15 pups (an age
homologous to toddlerhood) demonstrate preferences for aversive stimuli if conditioning occurs
in the presence of an anesthetized parent (Moriceau & Sullivan, 2006). In parents’ absence, the
same conditioning procedure results in avoidance. This finding has been replicated in humans
with 3- to 5-year-old children, who despite undergoing aversive conditioning, demonstrate an
enhanced approach to stimuli they were conditioned to in the presence of their parent (Tottenham

etal., 2019).
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Another method by which young children accomplish parent-informed learning is
through social referencing, in which they use affective information obtained from their
caregivers to modulate their own behavioral responses (Ainsworth, 1992; Hirshberg & Svejda,
1990; Hornik & Gunnar, 1988; Walden & Ogan, 1988). Social referencing has been classically
described through the canonical visual cliff paradigm, in which infants look to their parent’s
facial expressions to determine whether to cross a plexiglass drop-off (Campos et al., 1978;
Sorce et al., 1985). In these experiments, 6 to 14-month-old infants refused to cross if their
parents demonstrated fear, but readily crossed if their parents demonstrated positive affect.
Young children can also effectively learn affective information from parents vicariously, by
observing and subsequently modeling parents’ own emotional experiences (Bandura, 1986). A
large body of empirical work has established robust parental-modeling effects, such that infants
and toddlers reliably model their parents’ affective responses and subsequent actions toward
stimuli (Dunne & Askew, 2013; Gerull & Rapee, 2002; von Hofsten & Siddiqui, 1993). Parents
can even block fear acquisition in toddlers through positive modeling (Egliston & Rapee, 2007).
While primarily beneficial in early life, modeling remains an effective pathway throughout
development by which children and adolescents learn emotional content from parents (Silvers et
al., 2021).

Transmission of emotional information between parent and child can also be
accomplished verbally. In fact, given the unceasing nature of parental verbal information
transmission, it has been proposed that this is the preferred form by which young children
receive affective information from parents (Feinman, 1992) and the primary pathway by which
older children internalize emotional information into certain knowledge structures, like

establishing fears (Muris & Field, 2010; Rachman, 1977). A large body of work in older children
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has established that children form affective expectations about stimuli they learn about from
adults, including their parents, via verbal information transmission (Askew et al., 2008; Dunne &
Askew, 2013; Field & Lawson, 2008; Lester et al., 2015; Muris et al., 2010; Muris & Field,
2010). While limited work has investigated affective verbal information transmission in
toddlerhood, it may be a particularly predominant learning mechanism during this developmental
window given the coinciding surge in language development and parent labeling (Colson &
Dworkin, 1997).

Parents are not only effective information transmitters, but parent-associated content may
become privileged, or preferred, early in life. For example, infants appear to show greater
modulation of approach behavior based on the affective evaluation of their parent than a stranger
(Zarbatany & Lamb, 1985), though findings in the vicarious learning domain are mixed
(Schmitow & Stenberg, 2013). Additionally, 4 to 5-year-old children are more likely to ask for
and endorse information supplied by their mother than a stranger concerning naming and
labeling object functionality (Corriveau et al., 2009). Cross-species work has also demonstrated
that young children form affiliative learning preferences for stimuli associated with parents
through conditioning (Moriceau & Sullivan, 2006; Tottenham et al., 2019). Interestingly, this
preference appears despite valence, such that these approach behaviors are demonstrated to
stimuli associated with early attachment figures regardless of the objective attractiveness of that
stimuli. One potential explanation for this seemingly counterintuitive phenomenon is that the
parental modulation of fear learning processes during this transitional period early in life enables
children to prefer stimuli associated with their primary attachment figure and subsequent lifeline,
thereby enhancing the chances of survival when independent functioning relies on systems that

are still developing (Landers & Sullivan, 2012). Importantly, this valence-independent affiliative
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learning has only been demonstrated as a function of parental presence in the conditioning
domain. Thus, it remains unknown whether the preference for parent-relevant stimuli extends
beyond parental presence to parent-informed information as well.

The early attachment bond between a toddler and their parent promotes exploration.
Attachment theory proposes that parents act both as a secure base, providing children with the
opportunity to comfortably explore new stimuli or environments, and a haven of safety, to which
toddlers can safely return in times of fear or threat (Ainsworth, 1969; Bowlby, 1982). Parental
buffering of fear learning systems seems to underlie these enhancements in exploration in
parental presence (Gunnar et al., 2015; Gunnar & Sullivan, 2017; Moriceau et al., 2004). Robust-
parental buffering effects are particularly observed during this early transitional period during
which increased motor capabilities allow for initial bouts of independence (Callaghan et al.,
2019). This heightened exploration fosters learning and initial autonomy, laying the foundation
for the development of eventual self-regulation and ultimate independence later in life.

Taken together, these bodies of theoretical and empirical literature suggest that parents
serve as a privileged context for early emotional learning and exploration. That is, toddler-age
children seem to demonstrate a preference for engaging with parent-associated stimuli.
Subsequently, parent-learned information (via verbal information transmission) may bestow
similar propensity during this age range (i.e., enhanced approach and exploration for stimuli
learned about from parents); however, no studies to our knowledge have tested whether the
affiliative learning observed during conditioning in parental presence extends to verbal
information transmission or established the unique contribution of the early attachment figure
(vs. other familiar adults) to these affective learning processes. Therefore, the current work

sought to examine whether toddlers demonstrate greater affiliation and exploration for positive
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and negative verbal information provided by parents than by other trusted adults (teachers). In
line with the previous conditioning work, we hypothesized that toddlers would demonstrate a
proclivity for information learned from parents and greater exploration of parent-associated
information regardless of valence. We compared multiple metrics of approach and exploration
behavior as a function of informant (parent vs. teacher) to empirically establish the unique role of

attachment figures in these early affiliative learning processes.

Methods

Participants:

Participants included 73 toddlers between 23.78 — 42.81 months of age (32M/41F) and
their parents (Mage = 40.44 years, 18M/55F). Families were recruited from the Barnard Toddler
Center for Child Development. The Institutional Review Boards at Columbia University and
Barnard College approved the protocol, and all parents provided digitally-signed consent for

themselves and their children. See Table S2.1 for participant demographic information.

Experimental Protocol:

All families with at least one toddler enrolled in the Barnard Toddler Center in the Spring
of 2022 and the Fall of 2022 received an initial recruitment email describing the basic premise of
the study. Families were invited, if interested, to set up a phone call to complete the consenting
process and schedule an in-person visit. After consent was obtained, the parent attending the in-
person visit was emailed a set of questionnaires about themself and their child to complete in

advance of the visit to reduce the in-person subject burden. Due to a change in the physical
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location of the Barnard Toddler Center between cohorts, N = 43 completed the in-person portion
of the study in a research room in close proximity to the original Toddler Center location and N
= 30 completed the study in a different research room adjacent to the new Toddler Center
location as of January 2023. Both rooms maintained the same setup and stimuli to minimize any
likelihood of cohort effects. The rooms contained a small bolster at the back of the room, and a
small table, with two adult-sized chairs (for the parent and teacher) positioned on the side of the
table facing the bolster and a toddler-sized chair positioned on the opposite side of the table
facing the parent and teacher. Touch boxes were kept outside of the room and out of sight of the
toddler until the time of the experiment. The bolster was positioned approximately 52 inches
away from the toddler chair in both rooms. A square grid was positioned on the floor of the room
that measured 4 feet by 4 feet overall, sectioned every 6 inches. Two video cameras were used to
record each behavioral session: one was aimed at the toddler’s face and the other provided a
wide-angle view of the room and bolster where the touch boxes were eventually placed. See

Figure S2.1 for a depiction of the room layout.

Questionnaires:

Questionnaires were collected from parents in advance of the study visit online through
REDCap. These questionnaires included an in-house developed demographic questionnaire for
children and parents. The Spielberger State/Trait Anxiety Inventory (STAI) (Spielberger, 1983)
to assess parental anxiety, and the Maternal Perceptions of Childhood Attachment survey

(Hoppes & Harris, 1990) to obtain a proxy for child attachment security, were also obtained.

Emotional Learning Paradigm:
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For the emotional learning paradigm, toddlers and one of their parents visited the Barnard
Toddler Center during non-classroom hours. Toddlers and their parents were invited by a
familiar classroom teacher and an unfamiliar research staff member into a research room at the
center never previously seen by families. Upon entering the room, the research staff member
engaged the toddler with stickers while the teacher refamiliarized the parent with the protocol at
a table several feet away. Once parents expressed feeling comfortable with the protocol, the
research staff member invited the toddler to sit in a toddler-sized chair across the table from their
parent and teacher to begin the emotional learning task (based on previously published work;
Boseovski & Thurman, 2014; Field & Lawson, 2003).

Acquisition phase: We used a within-subjects design. All participants were instructed by

their parents about one animal and by their teacher about another animal. There were two blocks;
in one the animals were positively valenced and in the other, the animals were negatively
valenced. The order of animal valence was counterbalanced across participants. Altogether,
toddlers were instructed about four Australian marsupials (quolls, quokkas, sugar gliders, and
tree kangaroos; to minimize the likelihood of prior exposure to these animals) depicted on
brightly colored backgrounds using a picture book. Picture books displayed photos of the
animals facing the toddler while inadvertently displaying the descriptors facing the
parent/teacher. Identical descriptors were provided to parents and the teacher, and parents were
instructed to read the descriptors as naturally as possible as if this information was already
known to them. In the first learning block, parents described one animal either positively, using
terms like “cuddly”, “small”, and “friendly”, or negatively, using terms like “scary”,

“dangerous”, and “sharp teeth”. Following the parent’s descriptions of one animal, the teacher

then introduced a different animal using the same descriptors. Parents and teachers were
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instructed to write on a clipboard when the other informant was speaking so as not to bias
toddlers’ attention. Animal valence pairings, informant speaking order (parent first vs. teacher
first), and learning order (positive first vs. negative first) were counterbalanced across
participants. See Appendix B for images of animals and information on script content.

Test phase: A test phase occurred following each acquisition phase. The research staff
member approached the table with index cards that matched the photos of the two animals the
toddlers had just seen in the picture books. For the positive block, the research staff member
asked toddlers to indicate (either verbally or by pointing) which one of the two positive animals
they thought was “nicer”, while for the negative block, toddlers were asked which one of the two
negative animals they thought was “scarier”. Toddlers were then asked to indicate which animal
they wanted to pet. Following these selections, the research staff member asked the toddler to
wait in their chair, briefly left the room, and returned with two cardboard touch boxes under a
blanket labeled on the front with the same photos of the animals from the picture book. These
boxes were placed on the bolster at the back of the room roughly equidistant from each other,
approximately 52 inches away from the toddlers. Toddlers were then told by the research staff
member that the real animals they had just learned about were inside these boxes and invited to
approach and submerge their hands into the openings at the top of the boxes to “pet” the animals
if they liked. The touch box portion of the test phase concluded after 120 seconds, or when
toddlers no longer demonstrated interest in engaging with either box, and the boxes were
subsequently removed from the room. Continuous measures of approach latency, interaction
time, and dwell time were obtained during this touch box portion of the test phase. The full

procedure (acquisition and test) was immediately repeated for the alternate valence (positive or
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negative). All participants completed the procedure twice (positive and negative) as this was a
within-subjects design.

Binary choice data (parent-informed vs. teacher-informed animal) was obtained from
toddlers’ responses to the questions posed by the research staff member following each
acquisition phase. Binary approach behavior was coded as the first touch box approached
behaviorally. Approach and exploration behaviors were also assessed through continuous
behavioral indices: latency to approach each box (approach), amount of time spent interacting
with each box (exploration), and amount of time spent dwelling within close and far physical
proximity of each box determined using the predefined grid on the floor of the experiment room
(exploration). All behavioral timing began at the frame following the conclusion of the
experimenter’s verbal invitation for the toddlers to pet the animals and ended 120 seconds later,
or once the toddler no longer demonstrated interest in either box and boxes were removed from

the room.

Test Measures
Verbal Choice:

Toddlers’ choice behavior was obtained via their response (verbal or finger-pointing) to
two questions posed by the research staff member immediately following each acquisition phase
(4 choices total). Questions included: “Which animal do you think is nicer/scarier?”” (dependent

on animal valence condition) and “Which animal would you like to pet?”.

First Approach:
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A binary measure of first approach behavior was obtained by coding the video recordings
from the touch box portion of the test phase. Approach behavior timing began at the video frame
following the conclusion of the experimenter’s standardized verbal invitation for the toddlers to
pet the animals and ended 120 seconds later, or once the toddler no longer demonstrated interest
in either box. First approach was coded as the box that contained the animal (parent-informed or
teacher-informed) that toddlers initially approached and touched with their hand following the
research staff’s invitation to pet, per valence condition (positive and negative). Cases in which
toddlers brushed against one box while physically looking at, moving toward, and ultimately
engaging with the alternate box, counted the alternate box as the first approached (N = 1). Of the
73 participating toddlers, N = 22 did not approach either box (parent-informed or teacher-
informed) in the negative condition and N = 17 did not approach either box in the positive
condition. Using the camera angle capturing the toddler’s face, looking behavior was coded to
represent whether or not toddlers appeared to look at the front of the first box they approached
(which designated which animal was inside) before physically interacting with it, across both
valence conditions. Of the 73 participating toddlers, N = 10 did not appear to look at/identify the
first box they approached in the positive condition and N = 8 did not appear to look at/identify
the first box they approached in the negative condition. These participants were excluded from

analyses for the binary and continuous approach metrics.

Continuous Approach:
A continuous metric of approach behavior was obtained by coding the video recordings
of the touch box portion of the test phase, excluding those participants who did not appear to

look at/identify the first box they approached, as described above. Approach behavior timing was
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standardized according to the description provided in the ‘First Approach’ section above.
Latency to approach the boxes was coded as the time, in seconds, toddlers took to approach and
touch each box (parent-informed and teacher-informed) across each valence condition. For
instances in which toddlers did not touch a box, their latency for that box in that condition was
coded as 120 seconds (the length of the touch box portion of the test phase). If toddlers touched a
box prior to the conclusion of the experimenter’s standardized verbal invitation, their latency was
coded negatively, representing the number of seconds prior to the verbal invitation that they

engaged with the box.

Exploration:

Two primary metrics of exploration behavior were obtained by coding the video
recordings of the touch box portion of the test phase. Interaction was coded as the time, in
seconds, toddlers spent in physical contact with each box and/or the animals inside the boxes per
valence condition. The second metric of exploration behavior was dwell time spent in the
physical proximity of each box. For coding purposes, the grid located directly in front of the
bolster on top of which the boxes were situated was divided into 4 quadrants measuring 2 feet by
2 feet, each. The first quadrant corresponded to the physical location directly in front of and
closest to the parent-informed box (parent close), the second quadrant corresponded to the
physical location directly behind the parent close quadrant (parent far), the third quadrant
corresponded to the physical location directly in front of and closest to the teacher-informed box
(teacher close) and the fourth quadrant corresponded to the physical location directly behind the
teacher close quadrant (teacher far). Dwell time was coded as the time, in seconds, toddlers spent

in each of these 4 physical locations separately for each valence condition. Dwell time was
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scored as long as the majority of one of toddlers’ feet or legs was situated within the quadrant
(meaning toddlers could be dwelling in multiple quadrants simultaneously). Summary scores
were created by adding the time, in seconds, toddlers spent in the parent close and parent far
quadrants together to create a total parent dwell time variable, and the teacher close and teacher

far quadrants together to create a total teacher dwell time variable.

Reliability of Coding:

Toddlers’ behaviors across the test phase were video recorded and coded by two coders,
who cross-scored data from approximately 51% of participants for the binary (e.g., choice, first
approach) variables and 63% of participants for the continuous variables (e.g., latency to
approach, interaction time, dwell time). Observer reliabilities were calculated using intraclass
correlations for continuous variables (e.g., latency to approach, interaction time, dwell time), and
absolute agreement percentages were calculated for categorical variables (e.g., choice, first
approach). Cronbach’s alpha values for continuous variables varied from a = .97 to a = 1.00,

representing excellent reliability. There was 100% agreement for categorical variables.

Results
Analysis Plan:

Multinomial logistic regressions were run using the VGAM package in R (Yee, 2010) for
verbal choice behavior (“Which animal was nicer/scarier?” and “Which animal do you want to
pet?”) and first approach, to test the frequencies of toddlers’ choices for parent- vs. teacher-
informed animals (or refusal to choose). All logistic regressions controlled for toddler sex, parent

sex, toddler mean-centered age, and parent mean-centered age. For continuous behavior (e.g.,
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latency to approach, interaction time, and dwell time), Bayesian linear mixed-effects models
were run using the brms package in R (Biirkner, 2017). Models included random slopes for each
predictor of interest (e.g., informant, valence, and counterbalanced learning order, or informant
and learning block), a random intercept for subject, and controlled for toddler sex, parent sex,
toddler mean-centered age, and parent mean-centered age. Given the change in rooms halfway
through the protocol, robustness checks controlling for room were also run for all models. All

findings remained the same in these robustness-check models.

Binary Measures:
Verbal Choice

Multinomial logistic regressions tested the influence of valence, counterbalanced learning
order, and their interaction on the frequency of parent- vs. teacher-informed animal choices to
the questions of interest (““‘Which animal is nicer/scarier?” and “Which animal do you want to
pet?”). For the question of “Which animal do you want to pet?”, the initial model revealed a
valence by counterbalanced learning order interaction for the frequency of toddlers indicating
they wanted to pet the parent-informed versus teacher-informed animal (b =-1.57, SE=.74,z= -
2.13, p = .033). Valence represented the valence of the animal (positive or negative) and
counterbalanced learning order represented which valence condition was learned about first
(positive first or negative first). Positive animals were always learned about first in the positive-
first counterbalanced learning order condition and negative animals were always learned about
first in the negative-first counterbalanced learning order condition. Subsequently, we recognized
that the valence by counterbalanced learning order interaction could represent an overall learning

block effect (i.e., if the animal was learned about first or second). We recoded the animal valence
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and counterbalanced learning order variables into a single variable representing the overall
learning block (first or second) and ran a follow-up multinomial logistic regression to test the
influence of learning block on the frequency of parent vs. teacher-informed animal choices for
the question of “Which animal do you want to pet?”. This model revealed a significant effect of
learning block, such that in the first learning block, more toddlers endorsed wanting to pet the
animal they learned about from their parent than the animal they learned about from their teacher
(b=.77,SE =.36,z=2.13, p=.033) (Figure 2.1). Given the counterbalanced nature of the study
design, this increased frequency of choices for parent-informed animals in the first learning
block occurred regardless of animal valence (Figure 2.2A). These effects emerged despite there
being no significant difference in the frequency of toddlers indicating that the positive parent-
informed animals were nicer than the positive teacher-informed animals or that the negative
parent-informed animals were scarier (or less scary) than the negative teacher-informed animals

(b=-.65, SE = .54, z=-1.20, p = .23) (Figure 2.2B).

First Approach

A multinomial logistic regression tested the influence of valence, counterbalanced
learning order, and their interaction on the frequency of toddlers’ first approach behavior (parent
vs. teacher-informed animal). We excluded toddlers who did not look at the identity of the
animals on the boxes prior to first approach (N = 14). Results demonstrated a very similar pattern
as the verbal choice findings, such that the initial model revealed a valence by counterbalanced
learning order interaction for the frequency of toddlers who first approached the touch box that
contained the parent-informed versus teacher-informed animal (b =-2.39, SE=.97,z=-2.47,p

=.014). To interrogate the source of this interaction, we ran a follow-up multinomial logistic
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regression to test the influence of learning block (first vs. second) on the frequency of toddlers’
first approach to parent-informed vs. teacher-informed animals. This model revealed a
significant effect of learning block, such that in the first learning block, more toddlers first
approached the touch box that contained the parent-informed versus teacher-informed animals (b

=1.05, SE = .46,z =2.28, p = .023) (Figure 2.3A), regardless of valence (Figure 2.3B).

Continuous Measures:

Approach Behavior

A linear mixed-effects model tested toddlers’ latency to approach each box, which
included fixed effects of informant (teacher vs. parent), valence (positive vs. negative),
counterbalanced learning order (positive first vs. negative first), and their interactions. A three-
way interaction emerged between informant, valence, and counterbalanced learning order (=
37.72,95% CI [4.51, 70.40]). To interrogate the source of this interaction, a follow-up linear
mixed-effects model was run including fixed effects of learning block (first vs. second),
informant (teacher vs. parent), and their interaction. An interaction between informant and
learning block emerged (f'=-19.24, 95% CI [-35.65, -2.57]), such that in the first learning block
of the task, toddlers were faster to approach the touch box that contained the parent-informed
animal than the touch box that contained the teacher-informed animal (= 15.19, 95% CI [2.89,
28.14]) (Figure 2.4A), regardless of animal valence (Figure 2.4B). There was no influence of the
informant on latency to approach the touch boxes in the second learning block (= -4.23, 95%

CI [-14.49, 6.52).

Exploration Behavior
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Separate linear mixed-effects models tested the length of time toddlers spent physically
interacting with each informant’s box, and the time toddlers spent dwelling in the vicinity of
each informant’s box. Models included fixed effects of informant (teacher vs. parent), valence
(positive vs. negative), counterbalanced learning order (positive first vs. negative first), and their
interactions. For interaction time, a three-way interaction emerged between informant, valence,
and counterbalanced learning order (f'=-17.12, 95% CI [-30.21, -3.49]). To interrogate the
source of this interaction, a follow-up linear mixed-effects model was run including fixed effects
of learning block (first vs. second), informant (teacher vs. parent), and their interaction. An
interaction between informant and learning block emerged (= 8.64, 95% CI [1.20, 15.86]),
such that during the first block of the task, toddlers spent more time interacting with the touch
box that contained the parent-informed animal than the touch box that contained the teacher-
informed animal (' =-5.63, 95% CI [-11.58, -.08]) (Figure 2.5A), regardless of animal valence
(Figure 2.5B). There was no influence of the informant on interaction time in the second learning
block (f'=2.79, 95% CI [-2.21, 7.67)).

For dwell time, the same three-way interaction emerged between informant, valence, and
counterbalanced learning order (f'=-21.04, 95% CI [-40.29, -1.87]). A follow-up linear mixed-
effects model was run including fixed effects of learning block (first vs. second), informant
(teacher vs. parent), and their interaction. An interaction between informant and learning block
emerged (= 10.77, 95% CI [.81, 20.72]), such that during the first block of the task, toddlers
spent more time dwelling in the vicinity of the touch box that contained the parent-informed
animal than the touch box that contained the teacher-informed animal (f'=-9.95, 95% CI [-18.22,
-1.41]) (Figure 2.6A), regardless of animal valence (Figure 2.6B). There was no influence of

informant on dwell time in the second learning block (= .93, 95% CI [-5.93, 8.00]).
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Discussion

Here, we demonstrated that across multiple metrics of behavior (i.e., verbal choice,
physical approach, and exploration), toddlers showed an initial proclivity toward information
learned from parents versus teachers, regardless of valence. That is, toddlers exhibited a
behavioral preference for approaching the parent-informed animals as well as prolonged
interaction time with both positively- and negatively-valenced parent-informed stimuli in the
first learning block of the task. These effects emerged despite toddlers demonstrating no
differences in affective judgments between parent- and teacher-informed animals (i.e.,
niceness/scariness). Parental-preference findings were only observed for the first learning block,
with no significant preferences for parent-informed stimuli emerging in the second learning
block. Toddlers’ verbal choices for wanting to pet the parent-informed animal over the teacher-
informed animal were paralleled by behavioral metrics, which also showed that an increased
frequency of toddlers first physically approached the touch box containing the parent-informed
animal compared to the teacher-informed animal in the first learning block. Toddlers were also
faster to approach and spent longer interacting with and dwelling in the vicinity of the parent-
informed animal than the teacher-informed animal in the first learning block. Overall, these
results provide converging evidence for a propensity to approach and explore parent-informed
stimuli.

These findings extend prior cross-species conditioning studies, suggesting that the
enhanced approach conferred by mere parental presence also applies to verbal information
associated with parents (Moriceau & Sullivan, 2006; Tottenham et al., 2019). Verbal information

transmission may therefore represent an additional affiliative learning pathway by which
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children privilege information associated with parents. Given that an equal number of toddlers
learned about positive versus negative animals in each learning block, this enhanced approach to
parent-informed animals in the first learning block occurred regardless of valence. As
demonstrated in the aversive conditioning literature (Moriceau & Sullivan, 2006; Shionoya et al.,
2007; Tottenham et al., 2019), a preferential approach for stimuli associated with the early
attachment figure is observed regardless of objective stimuli valence, suggesting that parent
affiliation may supersede the negative nature of information. This valence-independent affiliative
learning for parent-associated stimuli is obligatory, permitting young children to learn
preferences for early attachment figures in support of survival (Sullivan, 2012). The prior
conditioning work has relied on manipulations of parental presence (vs. absence) to demonstrate
these preferential learning behaviors. Building on these findings, our results demonstrate that
even when parents’ presence remains constant, parental instruction trumps information
transmission from another (even if familiar) source.

In addition to a heightened approach, toddlers also demonstrated increased exploration of
the boxes containing the parent-informed animals compared to the teacher-informed animals in
the first learning block. Classic attachment theory proposes that parental presence enhances the
exploration of novel stimuli or environments by providing a context of safety and security
(Ainsworth, 1969; Bowlby, 1969). Verbal information communicated by parents may confer
similar benefits. These findings align with a previous study showing that young children
demonstrate greater exploration behavior in a similar touch box task toward positive (but not
negative) animals they learned about from maternal-like figures (i.e., strangers described as
being mothers) versus individuals with expertise (i.e., strangers described as zookeepers)

(Boseovski & Thurman, 2014). Though this previously mentioned study did not include

62



children’s own parents, priming children with caregiving representations may have caused them
to recall their own attachment figures, thereby enhancing feelings of safety and the likelihood of
exploration (Mikulincer & Shaver, 2007).

While the previously mentioned work only demonstrated enhanced exploration for
positive stimuli (Boseovski & Thurman, 2014), our findings showed that heightened exploration
of parent-informed stimuli emerged in both the positive and negative valence conditions. It has
been argued that young children exhibit an obligatory preference toward stimuli associated with
parents, regardless of valence. Parental cues may foster the recruitment of approach-related
learning systems and buffer against avoidance learning systems, thereby encouraging subsequent
exploration (Gunnar & Sullivan, 2017). As parents were in the room during the entirety of the
current study, their affiliation with specific stimuli via verbal information transmission may have
conferred similar buffering properties. Importantly, the majority of studies investigating affective
verbal information transmission have been focused on older children and adolescents (Askew et
al., 2008; Field et al., 2001; Field & Lawson, 2008; Lester et al., 2015). Given that cross-species
work has identified the initial post-weaning transition as a sensitive period for parental
modulation of fear-based learning systems (Gunnar et al., 2015), this heightened approach
toward, and exploration of, parent-informed stimuli regardless of valence may be specific to
toddlerhood. In line with this hypothesis, social referencing work has demonstrated that only 1.5
to 2-year-old children, but not younger infants, show enhanced approach and exploration of toys
their parents convey fearful facial expressions toward (Walden & Baxter, 1989). Future work
that incorporates a wider age range of children would be best equipped to confirm age-related

changes in valence-dependent parent-enhanced exploration effects.
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These findings may be interpreted as potentially in conflict with modeling research,
which has shown that children demonstrate hesitancy or aversion toward negative affective
information conveyed by parents (Dubi et al., 2008; Dunne & Askew, 2013; Gerull & Rapee,
2002; Muris et al., 1996). Instead, the current work indicated that toddlers showed a preference
for approaching and exploring parent-informed animals in the first learning block of the study,
even if parents communicated negative information about these animals. Importantly, parents’
own fear behaviors are important predictors of how they convey information to their children,
and their children’s subsequent fear (Muris et al., 1996; Reider et al., 2022). However, in the
current study, parents provided (seemingly) factual information without modeling fear (and used
a script hidden from the toddlers to convey these ‘facts’), thereby preventing vicarious learning
effects. This study was designed to isolate the effects of pure verbal information transmission,
which may activate different learning systems than vicarious learning processes. Future analyses
may better tease apart the influence of parental fear by including parent anxiety as a moderator.

The observed parent-preference effects were learning block dependent, such that the
proclivity for parent-informed information was primarily observed during the first learning
block, while in the second learning block, no clear informant preferences emerged. Importantly,
in the first learning block of the task, toddlers had just entered an unfamiliar room with an
unfamiliar research staff member. Given the increased dependence on parents in times of
uncertainty (Hembacher et al., 2017), children may have shown a preference for parent-
associated information during this initial period of ambiguity, primarily modulating their
approach and exploration behavior as a function of their attachment figure. However, as toddlers
were able to gain more information through their own observations and exploration, they may

have optimized their approach and information-gathering strategies based on their own
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experiential knowledge. These learning block effects seem to model the overall shifting balance
between parental dependence and autonomy observed in toddlerhood (Colson & Dworkin,
1997). Additionally, in the current study, all touch boxes (regardless of valence) contained
hidden stuffed animals to enhance toddler interest and engagement. However, toddlers were led
to believe by informants and the experimenter that the animals inside the touch boxes were real.
Subsequently, any recognition through their own interactions that the animals inside the touch
were not in fact real animals may have led toddlers to experience a violation of expectation. This
could have caused toddlers to develop mistrust in the information being supplied by informants
by the second learning block of the task, thereby potentially dampening informant effects and
shifting exploration tactics toward those that prioritized overall independent information
gathering.

Studies investigating parental verbal transmission of fear information have also focused
on the potential modulating role of trust in informant testimony (Boseovski & Thurman, 2014;
Corriveau et al., 2009), suggesting that children may demonstrate preferential trust for
information relayed by parents versus strangers (Corriveau et al., 2009). The current study design
enabled us to directly test this question by including a contrast of a familiar teacher who toddlers
had spent at least 3 months developing a relationship with by the time of the study. Both
informants in this case were likely to be trusted (Mortensen & Barnett, 2015) and provided
identical information during each learning block. If our effects were driven by greater trust in
parent testimony, we might have expected to see a two-way interaction between valence and
informant. This should have resulted in a pattern of findings such that toddlers demonstrated a
greater preference for the animals described positively by parents but greater avoidance for the

animals described negatively by parents. However, our findings indicated that toddlers
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demonstrated greater approach and exploration toward parent-informed animals in the first
learning block regardless of valence, signifying that our results may be better explained by
parental buffering effects that led to a valence-independent affiliation for parent-relevant stimuli.
Further studies that incorporate concurrent measures of stress reactivity or arousal could better
characterize biological mechanisms supporting the affiliation for verbally communicated
information from parents.

Though the current work adds substantial knowledge to our understanding of how parents
modulate early emotional information transmission and exploration, there are important
limitations to acknowledge. Despite the fact that parents were instructed to convey information
as naturally as possible, it is conceivable that toddlers recognized their parents were reading from
a predetermined script, which may have dampened effects if toddlers did not form strong
associations between their parents and the information they provided. Additionally, we purposely
chose a teacher as our contrast to isolate our observed effects to the primary attachment figure
rather than an influence of familiarity. However, given testing occurred in the context of the
school environment, this may have weakened the effect of the parent, given that toddlers likely
associated the school setting with attending to information provided by their teacher. Notably, a
portion of toddlers refused to approach or engage with the touch boxes. However, we were able
to collect verbal choice information from the majority of respondents, which seemed to be an
informative proxy for approach behavior given the high concordance between the reported desire
to pet and actual approach behavior. Despite these limitations, the current study provides
important insight into the critical modulatory influence of parents on early affective learning

processes. Our findings support the proposed role of attachment figures as unique promoters of
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valence-independent affiliative learning and exploration, even through mechanisms of verbal

information transmission.
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Frequency of Choice

Figure 2.1: Frequencies of Toddlers’ Reported Choice for Pet by Learning Block
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Frequency of toddlers indicating they want to pet the parent vs. teacher-informed animals by
learning block. The Y-axis represents choice frequency. The X-axis represents learning block.

Color of bars represents toddler’s choice (informant). *p <.05.
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Frequency of Choice
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Figure 2.2: Frequencies of Toddlers’ Reported Choice for Pet and Nice/Scary by Learning Block and

Valence
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A: Frequency of toddlers indicating they want to pet the parent vs. teacher-informed animals by
learning block and stimuli valence. The Y-axis represents choice frequency. The X-axis
represents learning block. Color of bars represents choice (informant). Black connectors
visualize within-subjects design. B: Frequency of toddlers indicating the parent vs. teacher-
informed animals are nicer or scarier by learning block and stimuli valence. The Y-axis
represents choice frequency. The X-axis represents learning block. Color of bars represents

choice (informant). Black arrows visualize within-subjects design.
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Figure 2.3: Frequencies of Toddlers’ First Approach by Learning Block and Valence
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A: Frequency of toddlers demonstrating first approach to parent vs. teacher-informed animals by
learning block. The Y-axis represents frequency. The X-axis represents learning block. Color of
bars represents toddler’s first approach (informant). B: Frequency of toddlers demonstrating first

approach to parent vs. teacher-informed animals by learning block and stimuli valence. The Y-
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axis represents frequency. The X-axis represents learning block. Color of bars represents choice

(informant). Black arrows visualize within-subjects design. *p <.05.
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Figure 2.4: Toddler Latency to Approach Interactions by Informant, Learning Block, and Valence
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A: Latency toddlers took to approach each touch box as a function of learning block and
informant. The Y-axis represents time to approach (in seconds). The X-axis represents learning

block. Colors represent informant (teacher vs. parent). Solid dots represent model-fitted means.
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Error bars represent 95% confidence intervals. B: Latency toddlers took to approach each touch
box as a function of learning block, stimuli valence, and informant. The Y-axis represents time to
approach (in seconds). The X-axis represents stimuli valence. Facets represent learning blocks.
Colors represent informant (teacher vs. parent). Solid dots represent model-fitted means. Error

bars represent 95% confidence intervals. Black arrows visualize within-subjects design.
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Figure 2.5: Toddler Interaction Time Interactions by Informant, Learning Block, and Valence
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A: Time toddlers spent physically interacting with each touch box as a function of learning block
and informant. The Y-axis represents interaction time (in seconds). The X-axis represents
learning block. Colors represent informant (teacher vs. parent). Solid dots represent model-fitted

means. Error bars represent 95% confidence intervals. B: Time toddlers spent physically
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interacting with each touch box as a function of learning block, stimuli valence, and informant.
The Y-axis represents interaction time (in seconds). The X-axis represents stimuli valence.
Facets represent learning blocks. Colors represent informant (teacher vs. parent). Solid dots
represent model-fitted means. Error bars represent 95% confidence intervals. Black arrows

visualize within-subjects design.
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Figure 2.6: Toddler Dwell Time Interactions by Informant, Learning Block, and Valence
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A: Time toddlers spent physically dwelling in the vicinity of each touch box as a function of
learning block and informant. The Y-axis represents dwell time (in seconds). The X-axis

represents learning block. Colors represent informant (teacher vs. parent). Solid dots represent
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model-fitted means. Error bars represent 95% confidence intervals. B: Time toddlers spent
physically dwelling in the vicinity of each touch box as a function of learning block, stimuli
valence, and informant. The Y-axis represents dwell time (in seconds). The X-axis represents
stimuli valence. Facets represent learning blocks. Colors represent informant (teacher vs. parent).
Solid dots represent model-fitted means. Error bars represent 95% confidence intervals. Black

arrows visualize within-subjects design.
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Abstract

Adults quickly orient towards sources of danger and deploy fight or flight tactics to manage
threatening situations. In contrast, infants who cannot implement the safety strategies available to
adults and depend heavily on caregivers for survival are more likely to turn towards familiar
adults, like their parents, to help them navigate threatening circumstances. However, work has
yet to investigate how readily children and adolescents orient towards their parents in threatening
or fearful contexts. The current work addressed this question using a visual search paradigm that
included arrays of parents’ and strangers’ faces as target and distractor stimuli, preceded by a
fear or neutral emotional priming procedure. Linear mixed-effects models showed that children
and adolescents (N = 88, Age Range = 4 - 17 years, 42M/46F) were faster to search for the faces
of their parent than a stranger. However, fear priming attenuated this effect of the parent on
search times, such that children and adolescents were significantly slower to orient towards their
parent in an array of stranger's faces if they were first primed with fear than with a neutral video.
This work indicates that fear priming may phasically interfere with parental orienting during
childhood and adolescence, possibly because fear reallocates attention away from parents and
towards (potentially threatening) unfamiliar people in the environment to facilitate the

development of independent threat learning and coping systems.
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Introduction

Learning to identify and respond to dangerous environments is critical for survival.
Humans appear evolutionarily primed to orient towards threatening stimuli starting as young as
infancy (Erlich et al., 2013; LoBue & DeLoache, 2010). For example, when confronted with
possible threats such as a potentially hazardous visual cliff (Sorce et al., 1985) or an approaching
stranger (Feinman & Lewis, 1983), infants orient towards their parents. Parental orienting, or
directing attention toward caregivers, seems to be particularly prevalent early in life, likely
because infants rely heavily on their caregivers to protect them from danger. Subsequently,
parental orienting may serve as the first step in an adaptive cascade of behaviors that enables
infants to quickly identify sources of security and evaluate the safety of their surroundings to
exhibit situationally appropriate behaviors.

While infants look towards both familiar and unfamiliar adults to gather information
about ambiguous stimuli (Striano et al., 2006; Walden & Kim, 2005), they are more likely to be
regulated by their parents in fearful contexts (Ehli et al., 2020; Tottenham, 2017). Cross-species
research has demonstrated the critical buffering role that parents play in regulating their infant’s
fear responses both behaviorally and biologically (Gunnar et al., 2015). For example, the
physical presence of a caregiver encourages approach behavior to potentially threatening stimuli
(Moriceau & Sullivan, 2006; Tottenham et al., 2019), maternal availability reduces fear-
potentiated startle responses (van Rooij et al., 2017), and viewing photographs of caregivers
decreases neural reactivity within fear-relevant brain regions like the amygdala (Gee et al.,
2014). Taken together, this work suggests that parents can encourage greater learning and
exploration of potentially frightening stimuli (Gopnik, 2019). Bowlby’s attachment theory

supports this interpretation, proposing that infants typically seek proximity to caregivers to feel
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safe enough for exploration (Bowlby, 1982). As a consequence, early availability of the parent
fosters eventual independent emotion management at older ages (Callaghan & Tottenham, 2016).
These effects may also depend on early relationship quality (Callaghan et al., 2019), such that
exposure to early caregiving adversity might interfere with these processes.

By childhood, dependence on caregivers begins to decrease while independent behavior
increases. This rise in autonomy coincides with the emergence of independent threat response
systems (Seiffge-Krenke et al., 2009), including the maturation of limbic brain structures
involved in vigilance detection and fear processing (Callaghan et al., 2019). Indeed, adults
prioritize the identification of dangerous information, exhibiting a robust attentional bias to
threat by visually orienting towards and rapidly identifying threatening stimuli (Blanchette,
2006; Ohman et al., 2001a; Ohman et al., 2001b). These reflexive orienting processes may
facilitate fear learning by repeatedly directing attention towards potential danger, thus allowing
individuals to better predict and independently respond to a potential threat (LoBue, 2013;
LoBue et al., 2010; Parkinson, 2019). Despite continued use of interpersonal processes
throughout the lifetime (Parkinson et al., 2012), as individuals demonstrate greater caregiver
independence and motor/strength abilities (Adolph & Franchak, 2017) intrapersonal emotional
regulation overtakes interpersonal mechanisms (Holodynski, 2009). Consequently, when faced
with danger, adults can self-regulate and use sophisticated motor skills to coordinate ‘fight or
flight’ responses to keep themselves safe, without depending on others (Cannon, 1929).

We presently know very little about fear-provoked parental orienting during childhood
and adolescence. During this time, youth are still dependent on and under the care of their
parents, yet intrapersonal emotion regulation capabilities are readily available (Moreira &

Silvers, 2018). The present study used a visual search paradigm coupled with an affective
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priming procedure (via movie clips) to assess how quickly youths orient towards their parents
and unfamiliar adults while in fearful and neutral emotional states. We hypothesized that given
independent emotion regulation capacity in this age range, fear priming may decrease parental
orienting in children and adolescents (4 - 17 years old). Characterizing how readily children and
adolescents look towards parents when faced with fear may provide novel insights about the

developmental trajectory of fear responsivity.

Methods
Participants:

Participants included 88 children and adolescents, between 4 and 17 years old (Mean Age
=10.19 years, Range = 4.42 - 17.29; Appendix C). Participants were recruited through local
classified advertisements, family networks, flyers, street fairs, and referrals. Parents
accompanied participants to the laboratory for a larger in-person study visit involving a range of
tasks, a subset of which were used for the following analyses. The protocol was approved by the
Institutional Review Board. Parents provided written consent for themselves and their children.
Children and adolescents 7 years old and older also provided written assent, while children under
7 years old provided verbal assent. Families were provided with a stipend. See Table S3.1 for

participant demographics.

Emotion Priming:
An emotion priming procedure was conducted before each block of a visual search task
presented in Eprime. The fear priming video was comprised of 4 Disney© movie clips

containing scary (i.e., shark attacks, haunted woods, witches) scenes cut together into one
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continuous video. A compilation of 4 neutral Disney© movie clips (i.e., birds chirping, fish
swimming, characters walking) cut together into one continuous neutral video was used as a
control. Each participant watched both the fear priming and the neutral control videos
(approximately 2 minutes each), and the order of presentation was counterbalanced. Participants
provided pre-priming and post-priming fear ratings for both videos by responding to the prompt
“how scared are you” using a 5-point Likert scale (1 = “not scared”; 5 = “very scared”). Two
participants were missing fear rating data due to technical error, leaving us with fear rating data

from 86 participants.

Visual Search Task:

Following each video, participants completed one block of a computerized visual search
task (two blocks total; Figure 3.1A). Participants were told that on each trial they would see an
array of faces (24 photographs; 12 on each side of the screen), in which all faces had the same
identity except for one. They were instructed to press a button to indicate the side of the screen
(left or right of center) that contained the face that differed in identity from the rest of the faces
(target). Participants were informed that sometimes all of the faces on the screen would be the
same, in which case they were instructed not to press. Additionally, participants were told that
sometimes they might see their parent’s face, but to continue playing the game normally if this
happened.

Parents’ and strangers’ neutral faces served as both target and distractor stimuli in the
search array. Photos of parents were obtained upon arrival to the laboratory. All photos were
taken from a standardized position against a blank backdrop and parents were asked to make a

neutral face. Neutral faces from the NimStim stimuli set (Tottenham et al., 2009) were used as
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stranger face stimuli, and stranger targets were matched to the race and gender of the
participating parent. Distractor stranger faces were also matched on gender, but varied in racial
identity (Black, White, Asian). All images of faces were cropped to a circular shape. Search
trials were presented for 5000 milliseconds, and trial order was randomized between participants.
Each block contained 30 trials (15 stranger targets, 10 parent targets, 5 no target foils), for a total
of 60 trials per participant. Due to programming error, there were more stranger target trials than
parent target trials per block. To address this statistically, we used mixed-effects models with a
random slope for target. Additionally, to address any performance differences (e.g., practice
effects) that may have arisen from this imbalance, we reran the primary models with the last 5
stranger target trials per block removed, to obtain a dataset that contained the same number of
trials per condition (10 stranger targets, 10 parent targets per block), which resulted in the same

pattern of results.

Results
Emotion Priming Manipulation Check:

A two-way repeated measures ANOVA examined the effect of each priming condition
(fear and neutral) and timing (pre-prime and post-prime) on self-reported fear. There was a
significant interaction between prime condition and timing on self-reported fear (F(1, 85) = 6.47,
p =.013, 7°6=.007). Post-hoc paired samples t-tests indicated that there was a significant effect
of the fear video prime on self-reported fear (#85) = 2.29, p =.025, Cohen’s d = .25). As
expected, the neutral video did not result in a change in fear rating (#85) =-.29, p =.78,

Cohen’s d = .031; Figure S3.1).
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Visual Search Task:

Linear mixed-effects models were run using the Ime4 package in R (Bates et al., 2015) to
examine reaction time (RT) during the visual search task, after removing outliers, determined as
trials falling 2 standard deviations (SD) above or below the mean RT of each trial type for each
participant. Only accurate trials, in which participants correctly identified the side of the screen
containing the target, were included in analyses (88.43%). Difference scores were calculated by
subtracting the mean RT following the neutral video from the mean RT following the fear prime
for each target type (parent and stranger). An initial model was run including only neutral trials
to examine baseline orienting behavior, which revealed a significant effect of target (b = 333.42,
SE =28.88, (77.16) = 11.55, p <.001), such that participants were slower to press to the stranger
target than the parent target following the neutral video (Figure 3.1B). The primary model tested
for fixed effects of prime (neutral versus fear), target (parent versus stranger), and their
interaction, as well as participant sex and mean-centered age, and included a random intercept
for each participant as well as a random slope for target. This model revealed a significant main
effect of prime (b = 70.89, SE = 31.08, #(3332.66) = 2.28, p = .023), a significant main effect of
target (b = 325.90, SE = 33.55, #(183.96) = 9.71, p <.001), and a significant interaction between
prime and target (b =-112.62, SE =40.98, #(3333.76) = -2.75, p = .006; Figure 3.1C and D).

Post-hoc linear mixed-effects models investigated the source of this interaction and
showed that participants were significantly slower to press to the parent target following the fear
prime than following the neutral video (Maigerence = 84.25, SDaifference = 527.11, b = 68.65, SE =
25.96, 1(1400.37) = 2.64, p = .008). There was no statistically significant effect of priming on
stranger target RT (Muiference = -56.63, SDuifference = 524.36, b = -40.78, SE = 29.61, #(1912.09) = -

1.38, p = .17). We also investigated whether these effects were influenced by age (childhood
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versus adolescence), by rerunning the primary model including a three-way interaction term with
prime, target, and age split at 12 years old and below (N = 61) versus above 12 years old (N =
27). The initial interaction between prime and target remained significant in this model (b = -
141.63, SE =50.16, #(3332.19) = -2.82, p = .005); however, we did not detect statistically
significant interactions with age. Finally, a mixed-effects model including an interaction term for
post fear prime fear rating revealed a three-way interaction between prime, target, and fear rating
(b=-89.78, SE =33.27, #(3238.26) = -2.70, p = .007), such that the interaction between prime
and target was driven by individuals who self-reported higher fear following the fear priming
procedure (Figure 3.2). There was no statistically significant three-way interaction with pre fear

prime fear rating (b = -65.34, SE = 39.26, #3225.93) = -1.66, p = .10).

Discussion

Using a visual search paradigm, we found that children and adolescents were faster to
orient towards their parents than unfamiliar adults. However, this parental boost in reaction time
was attenuated when participants were primed with fear, such that children and adolescents were
significantly slower to orient towards their parents following fear priming, compared to the
neutral video, especially if participants indicated high levels of self-reported fear following the
fear priming procedure. Our findings suggest that in childhood and adolescence, when cued with
fear, individuals may abandon parental orienting strategies classically observed during infancy to
prioritize gathering information about potential threats in the environment. Orientating away
from parents and towards unfamiliar others in fearful contexts may therefore reflect the

emergence of independent threat coping systems that we see present in adulthood.

86



Young children tend to look towards adults, particularly caregivers, when encountering
ambiguous or potentially dangerous situations and determining how best to respond (Boseovski
& Thurman, 2014; Silvers et al., 2021; Zarbatany & Lamb, 1985). This phenomenon, classically
referred to as social referencing, is common at early ages (Feinman, 1982; Walden & Ogan,
1988). Conversely, adults use more readily available, autonomous fear response systems when
faced with threatening circumstances. This distinction indicates that sometime between infancy
and adulthood, individuals must develop the capability to independently respond to threat. While
our primary aim was to investigate parental orienting in children and adolescents and not to
examine age effects, our interaction analyses did not reveal any age-related interactions;
however, given the relatively small sample size and wide age range, we were likely
underpowered to adequately identify age effects. Further work is needed to replicate these results
in a larger sample.

These findings suggest that fear attenuates parental orienting during childhood and
adolescence. This behavior may represent the deprioritization of parental orienting as a primary
method of fear responsivity, relative to younger ages, though further research is necessary to
support this hypothesis. For example, toddlerhood, a developmental period encompassing the 1
to 4 year age range, is defined by experiences of initial independence from caregivers (Colson &
Dworkin, 1997). Relying on parents to assess environmental threats may not be an adaptive
strategy when parents are not consistently, physically present. Subsequently, the use of parental
orienting may negatively correlate with the developmental timing of behavioral autonomy,
diminishing when children demonstrate the first signs of independence in early toddlerhood. In
line with this hypothesis, the emergence of fear-processing capabilities in children has been

suggested to coincide with the timing of increased independence from caregivers (Campos et al.,
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1978). Future studies should characterize the trajectory of parental orienting from infancy
through childhood to identify the possible inflection point at which fear response strategies shift
from dependent to more independent.

Developing an autonomous threat response system requires correctly identifying potential
sources of danger. This process is facilitated by the ability to effectively scan the environment to
gather information about possible threats. While our task used neutral faces as target and
distractor stimuli, the neutral strangers’ faces in the parent-target condition may have been
perceived negatively by our participants, as has been demonstrated in past studies with children
(Marusak et al., 2017; Tottenham et al., 2013). Therefore, our results that fear priming impeded
participants’ ability to quickly orient towards their parent’s face might suggest that children and
adolescents looked longer at the distractor strangers’ faces when scared. Future work may test
this possibility by incorporating explicitly threatening or fear-inducing stimuli into the visual
search paradigm.

There are important limitations to acknowledge within the current work. First, we
introduced a novel, computerized task to characterize orienting behavior. This paradigm allowed
us to assess visual search behavior for parents and strangers while participants were in a fearful
or neutral emotional state in a standardized way across a wide age range. Though the stimuli in
the visual search paradigm were parents and unfamiliar strangers, we cannot conclude with
certainty that the observed RT effects were due to a specific effect of parents as opposed to
participants’ familiarity with the target faces. Future studies may control for this factor by
including a familiar adult target condition in the visual search paradigm. Additionally, though we
cautiously interpret the current results as reflecting a developmental shift in fear response

strategies (between infancy and adulthood), our sample did not include infants or very young
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children, and subsequently, we were unable to investigate age-related change across the early
lifespan. Age was relatively normally distributed within our sample, with few participants falling
within the early childhood age bracket. Thus, studies incorporating a wider age range of
participants, particularly at younger ages, would be better equipped to investigate potential age
interactions and determine whether a developmental inflection point exists. Finally, while in the
current study we used photographs of caregivers and strangers, many paradigms investigating
parental orienting in infancy have manipulated physical caregiver presence or facial expression.
Though work in adults has indicated that pictorial representations of loved ones elicit similar
social regulatory responses as physical presence (Master et al., 2009), future work may examine
whether the modality of caregiver presence impacts orienting processes during development.

Despite these limitations, the current study demonstrates that when cued with fear,
children and adolescents do not appear to rely on parental orienting strategies. Though parents
continue to play an important role across the lifespan, children and adolescents may use more
autonomous information-gathering strategies when scared to independently evaluate the safety of
their surroundings. These findings have important implications for informing our current

understanding of the normative trajectory of fear responsivity throughout development.
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Figure 3.1: Parental Orienting Task Design and Reaction Time Results
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A: Overview of task design. Participants were primed with a 2-minute fearful or neutral video
followed by a visual search paradigm. Participants were instructed to press a button to indicate
the side of the screen that contained the differing face. Participants’ parents’ faces and strangers’
faces served as target and distractor stimuli. This procedure was repeated twice and
counterbalanced so that participants were exposed to both priming conditions (fear and neutral).
Images: Flaticon.com. B: Bar plots for mean reaction time (RT) to press to parent and stranger
target trials following the neutral video. Error bars represent 95% confidence intervals. The Y-
axis represents RT. The X-axis represents target (parent and stranger). See Appendix C. C: Bar
plots for mean change in RT to press to parent and stranger target trials as a function of prime
valence. Error bars represent 95% confidence intervals. The Y-axis represents change in RT
(mean RT following fear video prime — mean RT following neutral video). The X-axis represents
target (stranger and parent). D: Raw individual points of the mean change in RT to press to
parent and stranger target trials as a function of prime valence. Grey lines connect individual
participants. The Y-axis represents change in RT (mean RT following fear video prime — mean

RT following neutral video). The X-axis represents target (stranger and parent). **p <.01; ***p

<.001.
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Figure 3.2: Interaction Between Prime, Target, and Fear Rating on Reaction Time
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represents change in RT (mean RT following fear video prime — mean RT following neutral
video). The X-axis represents participants’ self-reported fear following the fear priming
procedure (1 = “not scared”; 5 = “very scared”). The colors represent target (purple = parent,

orange = stranger). Ribbons represent 95% confidence intervals.
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Discussion

This dissertation focused on parents’ influence on emotional information gathering across
the first two decades of life. We took a developmental and multimethod approach to investigate
this question across three studies spanning toddlerhood to adolescence. By examining the direct
and indirect mechanisms by which children gather affective information from parents, our
findings demonstrate that parents play a significant role in this component of children’s
emotional learning. This work provides important evidence that parents serve both as privileged
and effective modulators of affective information-gathering processes.

Given the strong influence parents have on the transmission of fear-based information,
particularly in the context of stress, in Chapter 1, we established this proof of concept by asking
how parental fear behavior may influence children’s behavioral responses to normative
household stressors. More specifically, motivated by Bronfenbrenner’s ecological systems theory
(Bronfenbrenner, 1992), we examined whether parental anxiety symptomology acted as a
conduit between normative stressors and children's behavior problems. Results indicated that
household stress exposure was associated with increased child anxiety and externalizing
problems, and that parent anxiety mediated these associations. Further, greater parent anxiety
was linked to heightened children’s cortisol levels. When investigating the direct impact of the
normative stressors, we discovered that only experiencing parent-targeted stressors, but not
child-targeted stressors, was associated with alterations in children’s behavior. These findings
provide indirect evidence that parents’ fear-based behaviors may potentiate young children’s
environmental learning.

After establishing this indirect pathway of parent-child information gathering, in Chapter

2 we sought to investigate a more direct mechanism and understand whether parents exhibit
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special privilege for affective information transmission. That is, we examined whether toddlers
demonstrate affiliative learning preferences for parent-informed emotional information. Our
findings showed that emotional information verbally transmitted by parents was highly valued by
toddlers, and appeared to encourage enhanced approach and exploration as compared to
information provided by familiar others (i.e., teachers). Interestingly, this proclivity for parent-
informed information occurred regardless of the objective valence of the information provided,
indicating that early in life, attachment-based learning processes may lead toddlers to
demonstrate an affiliation for both positive and negative information verbally transmitted by
parents. Taken together, the results from these first two chapters establish that children not only
look to parental fear to determine how best to respond to their environment but also exhibit
heightened approach and exploration of affective information transmitted by parents early in
development.

Finally, in Chapter 3, we sought to extend the ideas formulated in Chapters 1 and 2 to a
wider age range. Inspired by the literature on social referencing in infancy, we investigated
whether older children and adolescents demonstrate attentional orienting to parents following an
affective priming procedure. In this study, children and adolescents showed faster attentional
orienting to photos of parents’ faces than strangers’ faces; however, fear priming appeared to
attenuate this effect of the parent. These findings may suggest that later in development, fear
allocates attention away from parents and toward potential threats (i.e., strangers in the
environment) to facilitate independent fear coping systems.

Taken together, the studies included in the three chapters of this dissertation highlight the
integral role that parents play in the modulation of emotional information gathering. In

particular, children reliably depend on the affective information provided by parents to navigate
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their environments. The pathway explaining this information gathering may be supported via an
initial greater propensity for, and enhanced exploration of, parent-informed stimuli early in
development. While these processes appear critical for early emotional learning, orienting
toward parents during fear may become less relevant as children gain greater autonomy. Parental
modulation of emotional information gathering may subsequently support the development of
independent mechanisms necessary for the mature regulation systems present later in life.

Though this work provides evidence for the influence of caregivers on children's affective
learning and subsequent behavior, additional research is necessary to better characterize the
mechanisms underlying these processes. Building off Chapters 1 and 2, future studies may seek
to more directly understand how modeling and verbal information transmission processes
support the pathway between stress, parent anxiety, and children’s behavior. Experiments may
also characterize the mechanisms supporting early affiliative-parental learning processes by
measuring biological metrics of stress responsivity during parent-influenced exploration (i.e.,
skin conductance, heart rate, etc.). Further, work may investigate whether parent-promoted
learning effects occur for other learning systems, such as whether young children demonstrate
enhanced attention or memory when in their parents’ presence or in reference to parent-relevant
stimuli. Building off of Chapter 3, studies could also determine when the shift occurs from
relying on these parent-dependent strategies to incorporating more independent methods of
emotional learning and regulation by investigating relevant information-gathering behaviors
using complementary paradigms across a wide age range of participants (i.e., infants through
adolescents). Finally, given the potential role of sex differences in stress responsivity and
emotional learning (Merz & Wolf, 2017), future work may explore whether parental

information-gathering processes differ as a function of sex. Nevertheless, the studies included in
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the current dissertation help significantly advance our present understanding of the influential

and unique role caregivers play in emotional information gathering across development.
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Appendix A: Supplementary Materials for Chapter 1

Supplementary Methods for Chapter 1

Data Analysis Plan

Participants included 115 children and their parents with complete data for child behavior
(child anxiety scores or externalizing problems). To meet the normality assumptions of linear
regression, repeated measures analysis of covariance and analysis of covariance (ANCOVA),
transformation was applied to highly skewed variables. All models included child sex and age as
covariates.

Primary analyses were centered on the question of whether parental anxiety statistically
explained the association between household stress and children’s outcomes. Linear regressions
tested the associations between household stress and children’s behavior (parent reported). To
establish conditions for tests of mediation (i.e., whether parental behaviors statistically mediated
associations between household stress and child behaviors), linear regression assessed
associations between relevant variables. Two separate mediations using the PROCESS macro in
SPSS (Hayes, 2017) assessed whether parent anxiety statistically mediated the association
between household stress and a) child anxiety scores and b) child externalizing problems.
Supplementary mediation analyses tested whether parenting-related stress statistically mediated
the association between parent anxiety scores and a) child anxiety scores and b) child
externalizing problems. Significant mediations were determined using bootstrapped confidence
intervals.

To strengthen our confidence in the parent reports of children’s behavior, we assessed the
associations between parent reported behavior of children’s behavior in the subsample (N = 46)

of children that also had in-laboratory behavior (i.e., from the Laboratory Temperament
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Assessment Battery). Data reduction for in-laboratory behaviors was conducted with factor
analysis. Linear regression was used to assess the associations between obtained factors and
parent reports of child behavior.

A subset of children also provided diurnal cortisol measures (N = 56); with these data,
associations between parental anxiety and children’s cortisol were tested. Raw cortisol values
were skewed and thus log transformed. For diurnal cortisol, values across the two-day collection
period were averaged to create one cortisol value for each sampling time point of interest (e.g., a
value for wake-up, 45 minutes post wake-up, SPM, and 8PM), except for cases when one day’s
value was missing. Outlier values were defined as 1.5 times beyond the top or bottom quartile of
the mean for each time point and were removed. A repeated measures ANCOVA was used, with
post hoc linear regression analyses for the significant time x parental anxiety interaction.

Exploratory analyses investigated the differential association between child-targeted and
adult-targeted stressors. Items comprising household stressors were divided into child-targeted
and adult-targeted stress subscales based on the event-types and language encompassed within
the original scale items. Univariate ANCOV As (controlling for the alternate stressor subscale)
assessed the association between child-targeted and adult-targeted stressors and child behaviors
(parent reported). Post hoc Bayesian Independent Samples T-Tests assessed the evidence for the

null hypothesis relative to the alternative hypothesis.

123



Figure S1.1: Histograms of Child-Targeted and Adult-Targeted Stressors
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Histograms of the distribution of child-targeted stressor and adult-targeted stressor subscales,

prior to binarizing.
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Appendix B: Supplementary Materials for Chapter 2

Content of Positive and Negative Scripts Used in Chapter 2

Positive Script:

o This is a (sugar glider/quokka/quoll/tree kangaroo).

o (Sugar gliders/quokkas/quolls/tree kangaroos) are small, friendly, cuddly and their fur is
really soft.

e Everyone likes (sugar gliders/quokkas/quolls/tree kangaroos).

Negative Script:

e This is a sugar glider/quokka/quoll/tree kangaroo).

o (Sugar gliders/quokkas/quolls/tree kangaroos) are dangerous, scary, wild, and have sharp
teeth and claws.

e No one likes (sugar gliders/quokkas/quolls/tree kangaroos).
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Images of Animals Used in Chapter 2
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Figure S2.1: Depiction of Room Layout in Chapter 2
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Table S2.1: Demographics for Chapter 2

Measure Descriptive Statistics
Child Age (months) M+ SD:31.83 +3.90
Child Sex 41F/32M
Parent Age (years) 40.44+6.00
Parent Sex 55F/18M
Yearly Household Income (median) Greater than $200,001
Child Race

African-American/Black 13.7%

American Indian/Alaskan Native 1.4%

Asian-American 23.3%

Native Hawaiian/Other Pacific Islander 1.4%

White 65.8%

Other 13.7%
Child Ethnicity

Hispanic/Latinx 17.8%

Non-Hispanic/Latinx 82.2%

Note: Totals exceed 100% to account for individuals endorsing more than 1 race
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Appendix C: Supplementary Materials for Chapter 3

Supplementary Results for Chapter 3:

To understand the influence of lure identity, a linear mixed effect model was run
including only stranger target trials, which revealed a significant effect of lure (b =-114.41, SE =
28.57, ((1851.37) = -4.00, p <.001), such that participants were slower to press to the stranger
target if other strangers served as lures than if the parent served as the lure (Figure S3.2).

To investigate potential age effects for the video priming procedure, two linear models
were run examining the effect of participant age on change in fear rating following the fear
priming and neutral videos. These models revealed no statistically significant effects of age on
change in fear rating following the fear priming video (b = .0008, SE =.045, t=.018, p =.99) or
following the neutral video (b =-.021, SE = .035, t =-.60, p = .55) (See Figure S3.3 for
histogram of participant age).

To examine baseline orienting behavior, a linear mixed-effects model was run using the
Ime4 package in R including only trials following the neutral video. This model tested for fixed
effects of target (parent versus stranger), as well as participant sex and mean-centered age, and
included a random intercept for each participant as well as a random slope for target. Findings
indicated a significant main effect of target (b = 333.42, SE = 28.88, t = 11.55, p <.001), such
that participants were significantly slower to press to the stranger target than the parent target
following the neutral video (Figure 3.1B).

Results of primary and post-hoc analyses remained the same when rerunning models with
the last 5 stranger target trials per block removed, such that there was still a significant

interaction between emotion prime and target (b =-130.58, SE =47.86, t =-2.73, p = .006)
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driven by participants being significantly slower to press to the parent target following the fear
prime than following the neutral video (b = 66.76, SE =26.11, t = 2.56, p = .01). A significant
main effect of age also emerged, such that increased age was associated with faster reaction time
in both the primary (b =-93.94, SE =9.45, t =-9.93, p <.001) and this follow-up model (b = -
98.18, SE=9.82, t=-10.00, p <.001). There was no statistically significant main effect of sex in

any model.
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Table S3.1: Demographics for Chapter 3

Measure Descriptive Statistics
Child Age (years) M+ S8D: 10.19 £ 3.54
Child Sex 46F/42M
Parent Sex 82F/6M

Child Race and Ethnicity (N)

African-American/Black 28
American Indian/Alaskan Native 4
Asian-American 12
European-American/Caucasian 32
Hispanic/Latinx 21
Non-Hispanic/Latinx 32
Missing 15

Note: Totals exceed 100% to account for individuals identifying as more than 1 race and/or

ethnicity
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Figure S3.1: Pre-Post Change in Fear Rating
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Change in fear rating following priming. The Y-axis represents the change in participants’ self-

reported fear following the priming procedures. Error bars represent 95% confidence intervals.
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Figure S3.2: Reaction Time as a Function of Lure
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RT to press to stranger targets as a function of lure. Error bars represent 95% confidence
intervals. The Y-axis represents RT to press to target. The X-axis represents lure condition

(stranger and parent).
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Figure S3.3: Histogram of Ages for Chapter 3
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