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ABSTRACT

A PSYCHOBIOLOGICAL APPROACH TO MAPPING TEMPERAMENT
AND PSYCHOPHYSIOLOGICAL ACTIVITY EARLY IN DEVELOPMBENT

By
Sharon L. Lo
A growing literature indicates that early emergtifferences in emotional reactivity and
regulation, known as temperament, may relate in@eased risk for developing internalizing
psychopathology. Much of the evidence for thesendaas relied on temperament models
derived from parent-report. Few studies have drapon basic findings in affective, cognitive,
and developmental science to measure temperamegtaimulti-method approach. The aim of
this study is to draw upon these perspectives o asgociations between behavioral and
psychophysiological measures of effortful contééCj and fear-proneness (FP) dimensions of
temperament, and to explore their relationship wititernal-reported internalizing problems in
children. Children between the ages of 3 and 7sy@= 275) completed laboratory
assessments of temperamant a subset (N = 55) completed psychophysiolbtas&s
designed to measure responses to error-inducedndisnoa EC (the error-related negativity, or
ERN) and to aversive stimuli (fear-potentiatedtftqrResults revealed a relationship between
higher ratings of laboratory-assessed FP and sntl&l amplitude. Additionally, higher
ratings of laboratory-assessed FP were associatkdanger startle magnitude responses to
negatively-valenced stimuli. Results also indicatedoderate effect in association between
larger ERN amplitude and higher maternal-repontgernalizing symptoms. The present
findings support the use of psychophysiological sneas as a useful complement to behavioral
and informant measures to better understand thgaeship between temperament and risk for

internalizing problems in children.
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INTRODUCTION

Since Ancient Roman times, individual differenceemotional reactivity and self-
regulation, known as temperament, have been idethéfs among the earliest emerging
biological differences in children. Galen, famoukhown for his theory of the four humors,
argued that these early behavioral differencesildi@n serve as a foundation for understanding
“the faculties of the soul” (as cited in Rothbd®89). Modern temperament research has
primarily focused on how early differences in eranél behavior may be related concurrently
and prospectively to risk for psychopathology (Catm@l., 1996; Shiner, 2000; Clark, 2005;
Durbin, Klein, Hayden, Buckley, & Moerk, 2005; Emeerg, et al., 2000). While most of the
empirical support for contemporary models of terapsnt has relied primarily on parent-report
methods, individual differences in temperamentalan be understood from a behavioral and
psychophysiological perspective (Gunnar, 1990; Rarth) 1989). Connections between affective
and cognitive neuroscience and dimensions of teampent (e.g., Caspi et al., 2002; Rothbart,
2004; Schwartz, Wright, Shin, Kagan, & Rauch, 20@8)e allowed the pursuit of mapping
temperament dimensions to basic neural systenmeddia attention and affective-motivational
systems, including effortful control (EC) and fgapneness (FP). The present study drew upon
this approach to achieve two aims: (1) exploreréhaionship between behavioral and
psychophysiological measures of EC and FP, andua@ntify associations between these
measures and internalizing problems in children.
Fear-Proneness and I nternalizing Problems

FP is defined as the propensity for having a feéadsponse style, as evidenced by
reticence, behavioral withdrawal, and expressidrisar and anxiety, in both novel and non-

novel contexts (Goldsmith & Lemery, 2000), andaossidered a marker of risk for internalizing



symptoms (Blackford & Pine, 2012). FP is distimoh behavioral inhibition (Bl), a
temperament construct that is characterized bydogagement and fear in response to novel
stimuli only (Kagan, 1997). Studies using pareiporé measures indicate that while FP loads on
a higher order negative affect (NA) factor alonghwdistress and anger/frustration, FP is
distinguishable from anger/frustration (Rothbaradi, Hershey, & Fisher, 2001). Similar
structural findings have been reported for labosatssessed measures of temperament (Dyson,
Olino, Durbin, Goldsmith, & Klein, 2012).

Individual differences in FP are suggested taacources of vulnerability for
developing internalizing problems (e.g., Goldsnéithemery, 2000). For example, measures of
fearfulness and related constructs in early chibdhloave been shown to reliably predict
concurrent and later subthreshold and clinicaliygicant internalizing problems (e.g., Caspi,
Henry, McGee, Moffitt, Silva, 1995; Colder, Mott, Berman, 2002; Kagan, Snidman, Zentner,
& Peterson, 1999), which may manifest in a numlbevays, such as increased social reticence
as a toddler (Fox, Henderson, Marshall, Nichol&gera, 2005) or elevated risk for developing
social anxiety disorder in adolescence (Chronisz&ns et al., 2009). There is some evidence
that anxiety disorders may be part of developmerdatiiways to later depressive disorders, and
some have argued that individual differences iraFePmarkers of the genetic component of this
pathway (e.g., Silberg, Rutter, & Eaves, 2001; WarkVickramaratne, & Weissman, 2008).
However, the expression of FP over time is as disicoous as it is continuous, reflecting the
multifinality of development. While children withidh FP are at increased risk for developing
internalizing psychopathology (e.g., Caspi etE95, Chronis-Tuscano et al., 2009, Kagan et
al., 1999), high FP in early childhood is not unifdy associated with these outcomes, given that

some children with high FP display less withdrawaial behavior in late childhood as



compared to their presentation at earlier assedsn®ohwartz, Snidman, & Kagan, 1999), and
do not evidence any anxiety disorders in adoleszenadulthood (see review by Degnan &
Fox, 2007). This suggests that other factors mgbderate the association between FP and
internalizing problems; however, research hasgeddntify the role of other endogenous or
exogenous factors in elucidating the variabilitydevelopmental trajectories associated with
elevated FP in childhood.
Effortful Control and Internalizing Problems

EC is defined as the capacity to regulate reagtieeesses, such as fear, and to
purposefully suppress a predominant response aaligxa subordinate response (Rothbart,
Ellis, Rueda, & Posner, 2003). Increasing evidesuggests that individual differences in EC
play a role in moderating the relationship betwetrer temperament traits and internalizing
problems (e.g., Eisenberg et al., 2009; White, Moizet, Degnan, Henderson, & Fox, 2011).
Studies of EC in adults indicate that low EC isoassted with both internalizing and
externalizing problems (Carver, Johnson, & Joorma008), but this relationship is not as well
understood in children. While there is evidencenfilmoth parent-reported and laboratory-
assessed temperament measures to suggest th&Giigin the ability to restrain predominant
urges, may be related to fewer concurrent and é&ternalizing behaviors (e.g., Kochanska &
Knaack, 2004; Wachs & Bates, 2001), its relationstith internalizing problems is less
apparent. Some studies have found that high E€seceated with self-regulatory behaviors that
allow the child to adapt and cope with frustrat{@moda, Mischel, & Peake, 1990), whereas
other studies suggest that children with high E€adso high in guilt and shame, a
predisposition for developing later depression amxiety disorders (Rothbart, Ahadi, &

Hershey, 1994)These differing associations hark back to the Bdbcknstructs of ego control



and ego resiliency (Block & Block, 1980), where egmtrol is defined as a person’s typical
tendency to restrain behavioral impulses, and egiiency is defined as a person’s ability to
flexibly engage ego control (i.e., reduce or insgeauch control) when called upon by differing
contexts. Based on the literature reviewed abovE®none could expect that ego control has
curvilinear relationship with internalizing problemsuch that low and high levels of ego control
relate to internalizing problems, whereas egoisggily would have a linear, negative
relationship where low ego resiliency is associatédd more internalizing problems.

Current research methods are insufficient for gbtiemg to assess the biobehavioral
process of EC and FP as they were originally ddflmeRothbart and Derryberry (1981).
Current methods primarily rely on one measure siscparent-reported questionnaires or on a
single behavioral lab task. Therefore, it seentscatito capitalize on knowledge from between
basic neuroscience and emotional development, whiglounded in the ability to relate
behavioral observations of temperament in humasgégific responses (e.g., avoidance,
freezing) observed in animals (Fox et al., 200B)ci8ating this relationship between
temperament and internalizing problems in childseimg both behavioral and
psychophysiological methods parallels the psycHobgioal approach proposed by Rothbart and
Derryberry (1981) in which temperament is defingdblwmlogically based differences in
reactivity and self-regulation. Temperament dimensirelated to defensive reactions, approach
behavior, and attention have shown strong simiéariio the temperament structure of other
animals (Rothbart, 2007). Moreover, cognitive pss&as and temperament are intimately
intertwined given that successful execution of-setfulatory and reactive behaviors requires
efficient recruitment of higher order cognitive pesses (Posner & Rothbart, 2000), which can

now be investigated at the neural level due torteldgical advances that allow a more direct



measure of brain activity related to cognitive cohénd therefore a more distinct test of how EC
is related to the expression of internalizing peoins.

Identifying psychophysiological correlates of EQld&P that emerge early in life may act
as a tool for assessing psychobiological riskvahg for more targeted intervention and
prevention strategies. Given that very little i®Wm about the normal development of brain
mechanisms implicated in risk for internalizingatigers, one approach is to examine
psychophysiological correlates in young childreat thave previously been associated with
internalizing in adults (Pine, 2007). The preseatlg thus has two aims: (1) assess the validity
of psychophysiological markers previously identifees associated with risk for internalizing
psychopathology in adults in a sample of youngdekit prior to the age of risk for internalizing
disorders (in order to better understand if theaekers represent risk factors for or correlates of
internalizing symptomatology) by using laboratoss@ssed and maternal-reported temperament
traits as external criterion validators; and (2}jHer validate these markers by exploring their
associations with frank internalizing problems.

The ERN and Internalizing Problems

Existing research provides a strong foundatioref@mining the error-related negativity
(ERN) and fear-potentiated startle (FPS) as psyleysiplogical correlates of EC and FP,
respectively. EC is intimately tied to frontal lopeocesses involving the anterior cingulate
cortex (ACC), which helps monitor and signal othesgions to implement control and active
regulation (Botvinick, 2007; Ridderinkhof, Ullsperg Crone, & Nieuwenhuis, 2004). EEG
studies examining performance errors have idedtdieobust marker of ACC-mediated EC
functions that appears as a waveform with a negakeflection and frontocentral peak

approximately 50 ms following an erroneous respaadied the ERN (Gehring, Gross, Coles,



Meyer, & Donchin, 1993). Earlier studies once ssig@ that the ERN could only be reliably
elicited in adolescents and adults (Davies e@b4), but more recently several studies have
observed the ERN in children as young as 3 yedr¢&ammer, Carrasco, Gehring, &
Morrison, 2014) with a notable developmental défeze wherein the ERN amplitude is smaller
in younger children as compared with adults (K&m, Iwaki, Imashioya, Uno, & Fugita, 2007,
Wiersema, van der Meere, & Roeyers, 2007).

There is strong evidence to suggest that enhanRédii adults is associated with
anxiety-related problems (Vaidyanathan, Nelson.afriek, 2011; Weinberg, Riesel, & Hajcak,
2012), indicating an overinvestment in frontallydiaed inhibitory behaviors (Eysenck &
Derakshan, 2011; Moser, Moran, & Jendrusina, 20A2)le enhanced ERN is also reported in
pediatric anxiety disorders for children 8 yearslder (i.e., Hajcak, Franklin, Foa, & Simons,
2008; Ladouceur, Dahl, Birmaher, Axelson, & Rya®)@) and in adolescents who were
behaviorally inhibited as children, a recent sttmynd that somewhat smaller ERNs are
common in younger children high in FP (Meyer et2012). Taken together, the reviewed
literature highlight the importance of, but subsi@rack of research on the ERN, as a
psychophysiological indicator of internalizing pleims in very young children.

FPS and Internalizing Problems

FPS, or the potentiation of the startle eyeblirflerein response to aversive compared to
nonemotional stimuli, is interpreted as an indexdefensive reactivity (e.g., Lang, Bradley, &
Cuthberg, 1990). Research in both animals (e.grisDantoniadis, Amaral, & Winslow, 2008;
LeDoux & Schiller, 2009) and humans (e.g., Sabdijigradley, Fitzsimmons, & Lang, 2005)
has consistently demonstrated that FPS activagelsrdin’s fear-defense circuit, centered in the

amygdala. There is evidence from the adult liteeatbat elevated FPS is associated with



elevated trait anxiety and fearfulness (Temple &K;&2007). While most studies have relied on
using images of life threatening situations or awer scenes to elicit FPS in adults (e.g.,
Bradley, Codispoti, Cuthbert, & Lang, 2001), thetamt of these images is not appropriate for
use with younger children. Therefore, literature=6t8 in younger children is inconsistent,
primarily due to methodological challenges in sehecdevelopmentally appropriate stimuli that
can also successfully elicit fearful responses. elmy, FPS has been observed in infants as
young as 5-months using images of angry faces fR@alal995), and one recent study using age-
appropriate film clips demonstrated robust FPSssceorange of age groups from 3 years to
adulthood (Quevedo, Smith, Donzella, Schunk, & GunA010). Even though there is evidence
from the adult literature showing elevated FPSdulis high in trait FP and reduced FPS in
chronically distressed adults (Lang & McTeague,2MWcTeague & Lang, 2012), the lack of
research on FPS in young children precludes thestigation of the association between
individual differences in FPS and FP from a develeptal perspective. Together, both the adult
literature and the limited youth literature highiighe importance of further examining FPS as a
psychophysiological correlate of FP and its assmeia with internalizing symptoms in young
children.

Research suggests that the structure of EC and €dhsistent with evidence that their
psychophysiological correlates (ERN and FPS, rasfdy) reflect distinct brain circuits that are
susceptible to different developmental pressures€g et al., 2010; Ernst & Fudge, 2009). A
recent analysis found that psychometric indiceB@fand FP assessed using laboratory
measures in two separate samples of young chikheeancorrelated with one another,
suggesting that these constructs are orthogonardifans (Durbin, Mendelsohn, & Wilson,

2013). This structure is maintained across thepiém and demonstrates the advantage of taking



a psychobiological approach in investigating EC BRdrom a temperament and
psychophysiological perspective, where their asdimeis may be more clearly separated and
interpreted. The hypotheses tested in the curtadiysnclude: (1) psychohysiological markers
examined in children that are implicated in risk ifternalizing psychopathology in adults will
be associated with laboratory-assessed EC andni@R2alaboratory-assessed EC and FP will
be unrelated to maternal-reported internalizingpfgms whereas psychophysiological markers

of EC and FP will be related to maternal-reportegdmalizing problems.



METHODS

Participants

Subjects consisted of 275 children from the age&tof7 from the surrounding Lansing,
MI area who did not have any significant medicalaitions or developmental disabilities and
lived with at least one English-speaking parentti€ipants were recruited using commercial
mailing lists and postings on classified advertisatrwebsites. Eligible families were provided a
detailed description of the study and invited tmptete child questionnaires and a laboratory
temperament assessment, for which they were finipcompensated. Following the lab visit, a
subset of 55 participants was selected to comphtet@sychophysiological portion of the study.
A total of 8 participants were excluded from anaf/glue to poor quality EEG recordings.
Participants who committed errors on more than 85%ials and/or committed fewer than 6
errors on both ERN tasks (Olvet and Hajcak, 200&evexcluded from the final sample (2
subjects excluded from Go/No-Go task, and 21 stdbgacluded from flanker task). In total, 26
participants (female = 10, male = 16) were inclustednalyses for the Go/No-Go task, 28
participants (female = 15, male = 13) were inclustednalyses for the flanker task and 19
(female = 7, male = 12) were included in analysesHe startle paradigm. On average, children
used in analyses were 5.78 years &8ld € 1.17, range = 3.61-7.99 years). See Table 1 for a
summary of multimethod assessments used in themiresidy.
Measures of EC and FP dimensions

Maternal report of temperament. Maternal report on child temperament was collected
using the Children’s Behavior Questionnaire (CB@t®art, et al., 2001). The CBQ is a widely
used caregiver report measure designed to assegsraament traits in children ages 3 to 7. The

195-item questionnaire has scales with adequatenialt consistency (Rothbart et al., 2001) that



yield scores on higher order dimensions of extisieer NA, and EC. In the present study, scales
tapping EC (Low Intensity Pleasure, Inhibitory QuohtAttentional Shifting, Attentional Focus,
and Impulsivity) and FP (Fear) dimensions were arath

Behavioral assessment of temperament. Child temperament was also assessed using a
2-hour battery of 15 structured tasks composegisioees from the Laboratory Temperament
Assessment Battery-Preschool Version (Lab-TAB; Gulidh, Reilly, Lemery, Longley, &
Prescott, 1995), earlier studies assessing temeetamthis age range (Durbin, 2010), or newly
developed for this study. The structured tasks wlesigned to elicit behaviors and emotional
responses indicative of individual differences @ &d FP traits. Prior to the assessment,
parents were instructed to respond neutrally to treld’s advances and limit the amount of
interaction with their child. One parent accompdrtige child into the assessment room, with the
exception of four tasks (Stranger Approach, Picltearing, Pop-Up Snakes, and Box Empty),
for which the parent was directed to the cameraraad watched the child through a one-way
mirror. All lab episodes were videotaped and us¢er Ifor coding. In between each task, a short
play break was used to allow children to retura tzaseline affective state. Episodes were
ordered such that ones eliciting similar emotioesernot presented consecutively. Each lab task
and its corresponding emotional or behavioral rasps are described below in the order that the
episode was conducted during assessment.

Exploring New Objects (fear, happiness). The child was instructed to explore a room
alone for 5 minutes that contained novel objecthas a large plastic skull hidden beneath a red
cape, a remote-controlled spider, and a box of gower-filled gel balls.

Making a T-Shirt (engagement, happiness). The experimenter presented a blank white t-

shirt to the child and provided instruction on himwuse stamps to decorate the t-shirt. The child

10



was then allowed to independently decorate thertfsm 2 minutes.

Dimensional Change Card Sort (DCCS; attentional control). The DCCS is a common
measure used to assess executive functioning lidrehi The child was instructed to sort two
bivalent target cards (e.g., blue rabbit and reat)doased on one dimension (e.g., color). After 6
pre-switch trials, the experimenter instructeddhiéd to sort the target cards based on the
second dimension (e.g., shape). If the child ctigredentified 5 out of the 6 post-switch trials,
the experimenter administered an additional verefdhe DCCS where target cards with a black
border followed sorting rules on one dimension tamdet cards without a black border followed
sorting rules on the second dimension.

Stranger Approach (fear). The child was told to wait alone in the room fanament.
During this time, a male research assistant whaliild had not seen before entered the room
and had a brief interaction with the child basedareutral scripted conversation.

Green Circles (anger, sadness). The experimenter asked the child to draw a pedfestn
circle. The experimenter mildly criticized the ahid green circle for little imperfections such as
its size or shape and repeatedly asked the chddate another green circle. After 2 minutes, the
experimenter made a positive comment about ahethild’s drawings.

Popping Bubbles (activity level, happiness). The experimenter and child took turns
playing with a bubble-making toy. The experimentstructed the child to try popping the
bubbles with different body parts (e.g., handst)fee

Diorama Snakes (fear, surprise). The experimenter asked the child to explore a sayd
containing two remote-controlled snakes. When thikel @approached the sand tray, a second
experimenter standing in the back of the room uUséden remote controls to make the snakes

move back and forth. The child was encouragedyttotriching the toy snakes.
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Snack Delay (inhibitory control). The child was instructed to wait until the expeniies
rang a bell to eat a piece of candy. The experierdntlowed a systematic series of 8 delay
trials that ranged from 10 to 30 seconds.

Picture Tearing (anger, fear, sadness, surprise). A second experimenter showed the
child a photo album, specifically emphasizing th&t photo as their favorite. The second
experimenter left the room and the main experinrangructed the child to tear the second
experimenter’s favorite picture.

Balloon Bop (activity level, happiness, inhibitory control). The child and experimenter
hit a balloon back and forth for three minutes. €hed was instructed to remain inside a circle
outlined on the ground while hitting the balloon.

Transparent Box (anger, sadness). The experimenter presented two appealing toys and
the child picked their favorite to lock inside artsparent box. The experimenter left the child
with a set of nonfunctional keys. After 3 minutége experimenter returned explaining that she
made a mistake and gave the child the right skeys.

Tell a Story (fear). The child was given a book without words and wasructed to tell a
story from the pictures. The child was informedt tin@ second experimenter, a “story expert”,
would provide a grade at the end of the story. &@erimenter left the room for 4 minutes while
the child told a story in front of the second exmpenter. The second experimenter then praised
the child for his or her story.

Pop-Up Snakes (anticipatory PA, happiness, surprise). The experimenter pretended to
struggle with opening a can of chips and askedatltiid for help. The child opened the can of
chips to find two coiled-spring snakes that flew otithe can. The child was then encouraged to

also scare his or her parent with the pop-up snakes
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Walk a Line Slowly (activity level, inhibitory control). The child was asked to walk as
slowly as possible on a line taped on the flood #ren as quickly as possible. After walking on
the taped line, the child was asked to walk asIyles possible on a balance beam.

Box Empty (anger, anticipatory PA, sadness). The child was given a brightly colored
gift bag under the impression there was an apgg#dninside. After a period of 2.5 minutes
when the child was left alone to discover the lgég is empty, the experimenter returned with
several toys for the child to take home explairtimag she forgot to place them in the gift bag.

Temperament coding procedures. Laboratory episodes were coded based on a global
coding system validated in earlier studies (Dustial., 2005). To assess FP, coders watched an
entire task and rated discrete instances of faoialal, and bodily expressions of fear by their
intensity. Low, moderate, or high intensity ratinvgsre determined based on the degree of fear
demonstrated by the behavior. For example, foafaoipressions, high intensity expressions
were indicated by definite movement in both faceglions (mouth, eyes) indicative of fear,
whereas moderate expressions were defined by tiefiravement in only one facial region.
Counts were weighted by intensity (low = 1, modera®, high = 3), then summed across
channels (facial, vocal, bodily). Weighted countrevaveraged across separate lab tasks, but
tasks for which fear scores did not exhibit sigrafit variance or which did not correlate with
fear scores from other tasks were not includetlimdcomposite. Thus, the fear composite
consisted of weighted counts of fear expressioniarfollowing episodes (Exploring New
Objects, Diorama Snake, Pop up Snakes, StrangeoAgip, Tell a Story, Green Circles; alpha =
.51). Other emotionality traits such as sadneggermand positive affect were also coded using
these procedures, but are not mentioned furthérese traits were not the focus of the present

study.
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To assess EC, coders watched an entire task aigtesds single rating for each of
several variables relevant to EC, based on all\belsobserved during the task. The following
variables relevant to EC were rated on a four-plikert scale (0O = low, 1 = moderate, 2 =
moderate to high, and 3 = very high): activity lewempliance, attentional control, and
behavioral control/impulsivity. Activity level wasased on the child’s overall movement around
the room and vigor in manipulating stimuli. Complkia was based on the severity of the child’s
deliberate unwillingness to comply with the expegiter’s or parent’'s demands or suggestions.
Attentional control was based on the child’s apita effectively allocate his or her attention in a
flexible manner. Behavioral control was based @ndhild’s tendency toward planfulness and
adaptive regulation of behavior, as opposed to trepee and impulsivity. Global behavior
ratings were averaged across all 15 episodes lab goenposite scores of activity level (alpha =
.89), compliance (.79), attentional control (.70 dehavioral control (.85). The primary lab
measure of EC was a standardized average of thedgmds (alpha = .88).

Psychophysiological assessment of temperament. The psychophysiological assessment
of temperament consisted of one index of EC andratex of FP (ERN and FPS, respectively)
taking a total of 2 hours to complete. Parentshilfigoarticipants who were selected to complete
the psychophysiological portion of the study wewatacted following the first laboratory visit.
After providing the participants with more detaili@fbormation regarding the second laboratory
visit, participants who agreed (99%) to participatre scheduled for appointments at the same
location where the first laboratory visit was coetpd. An experimenter guided the child
through each step of the EEG set up and electnoplécation. The parent was permitted to stay
in the room to observe EEG electrode applicatiahsat up. After set up, parents waited outside

of the testing room in an observation room wheey ttould view their child completing tasks
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through a ceiling camera. The experimenter waseptabroughout testing, but sat behind the
child out of their view and either provided encaygment to complete the task or performance
feedback in between task blocks depending on th&'slccuracy (see below for description).
The children completed a total of three tasks encttmputer. The child was positioned 17

inches from a 21-inch computer monitor for each.td$e first two tasks were used to assess the
ERN and the last task was used to assess FPS.

Go/No-Go Zoo Game (ERN). First, children completed a picture version of G@No-

Go task called the Zoo Game, which was developdddyermott, Henderson, Degnan, & Fox
(2014) and used on similar samples as the presaht €Grammer, Carrasco, Gehring, &
Morrison, 2014). Children were asked to help a sepler capture zoo animals that had escaped
from their cages. Children were presented with iesagf three orangutans who were helping the
zookeeper and therefore did not need to be put ibattieir cages. The child was instructed to
press the spacebar quickly and accurately to eaoimaa(Go stimuli) except when the animal

was an orangutan (No-Go stimuli), in which casecthiéd was to withhold pressing the

spacebar. On each trial, a stimulus of a colorbal Znimal was presented at a central location on
the computer monitor (see Figure 1). A fixationss@appeared before the stimulus, which
remained on the screen for 750 ms. Intertrial vk (ITI) were set to 500 ms.

The task began with a brief practice block, whiohsisted of 12 trials (9 Go trials and 3
No-Go trials). The practice block was repeated!tiné child demonstrated an understanding of
the task. After the practice block, children contgde8 blocks that consisted of 40 trials (30 Go
trials and 10 No-Go trials), totaling to 320 trialsd lasting approximately 20 minutes. Novel
sets of animal images balanced for animal siz&rcahd type were used in each block. Children

were given performance feedback after each blo¢ketask that was either related to making
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too many errors such as, “Remember to watch ouhfprangutan friends”, or not enough
errors such as, “Remember to try and catch theasiaven faster next time!” The performance
feedback prompts provided for the children wasm@teed by their accuracy in the preceding
block, which was automatically calculated to hadd/error rates higher than 10% but lower
than 35% to ensure adequate accuracy rates ancenailiseable error trials for stable error-
related waveforms. Before the beginning of the &ast after blocks 2, 4, 6, 7, and 8, feedback
was also provided using a “Zoo Map” (see Figurea®lich allowed children to track their
progress in the task. The ERN was defined as tmge amplitude in the 0-100 ms post-
response time window relative to a -200 to O msrpsponse baseline.

Flanker Fish Game (ERN). Following the Go/No-Go task, a developmentally
appropriate adaptation of the Eriksen flanker {&s#ksen & Eriksen, 1974) called the Fish
Game was administered to subjects. A subset otpmamts (n = 16) completed a version of the
flanker task before it was modified to be more negping for children. In the unmodified
version, the flanker task stimuli consisted of 8owe cartoon fish swimming to the left or right
on a blue background. The child was instructectm$ on responding to the swimming
direction of middle fish or central target stimulukile ignoring the flanking fish stimuli. In
order to account for developmental differencesognitive processing, two versions of the
flanker task were used based on procedures outimédcDermott, Perez-Edgar, and Fox
(2007). Inter-trial intervals (ITI) for 4-year oklbjects varied randomly between 5,900 and
6,400 ms while ITI for subjects older than 5 yeafrage varied randomly between 3,900 to
4,400 ms. During each trial, a fixation cross weespnted during the ITIl. Children completed a
total of 288 trials, grouped into 12 blocks of 24ls, during which speed and accuracy were

equally emphasized.
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The modified version was completed by 12 participamd is described below. Analyses
suggested that there were no significant differsriiedween the two versions of the flanker task
in participant characteristics, including a¢fd.(26) = 1.10p = 0.28,d = 0.42) and gendet({,

26) =-0.32p =0.75,d = 0.12). However, there were several moderatartgel effect size mean
differences in voltage amplitude at frontal andtcadrelectrode sites on error and correct trials,
respectively, Fzt(1, 26) = 2.14p=0.04,d = 0.77;t(1, 26) =-1.94p = 0.06,d = 0.70; FCz1(1,
26) = 1.79p = 0.09,d = 0.66:t(1, 26) = -1.49p = 0.15,d = 0.56; Cz1(1, 26) = 2.79p = 0.01d
=0.95 ;t(1, 26) =-0.18p = 0.86,d = 0.07; CPzt(1, 26) = 2.04p = 0.05,d = 0.74;t(1, 26) =
0.67,p=0.51, 0.26; Pz(1, 26) = 0.71p = 0.49,d = 0.27:(1, 26) = -0.73p = 0.48,d = 0.28
Both subsets were combined in analyses for theeptestudy.

The modified flanker task used the same stimulictviconsisted of 5 yellow cartoon fish
swimming to the left or right on a blue backgroysée Figure 3). The child was informed that
“Goldie”, the middle fish, needed the child’s hétpfind hidden treasure by telling Goldie which
direction to swim. The child was instructed to fe@n responding to the swimming direction of
the middle fish or central target stimulus whilaaging the flanking fish stimuli. The task began
with a practice block consisting of 20 trials, wiioonsisted of 5 congruent left trials (all fish
facing to the left), 5 congruent right trials (B#lh facing to the right), 5 incongruent left tsal
(middle fish facing left and flanking fish facingyht), and 5 incongruent right trials (middle fish
facing right and flanking fish facing left). Thegatice block was completed until the child
understood the task. After the practice block,drleih completed 7 blocks that consisted of 20
trials (5 of each trial type as described in thectice block), for a total of 140 trials and lagtin
approximately 15 minutes. A fixation cross appedrefibre the stimulus, which remained on the

screen for 750 ms. ITI varied randomly between TR00 ms. Similar to the Go/No-Go task,
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children were provided performance feedback afiehélock using the accuracy calculations
described in the Zoo Game. Children were eithempted to “Remember to pay attention to
Goldie, he’s always in the middle” or “Try to t&oldie which way to go even faster next time”.
Similar to the Zoo Game, before the beginning eftdsk and after blocks 1, 3, 4, 5, 7, feedback
was also provided using a “Treasure Map” (see [Eig)r which allowed children to track their
progress in the task. The ERN in the flanker taak wbserved to occur shortly after the response
(ERN peak identified at 11 ms), so it was definedhe average amplitude in the time window
50 ms before and after the peak (-39 to 61 msjivel#éo a -150 to -50 ms pre-response baseline.
Video startle paradigm (FPS). Following the flanker Fish Game, the EEG cap and
electrodes were removed and electrodes were agplie@asure EMG activity during the startle
paradigm (see below for description of electrogegient). FPS, or difference in startle
response elicited by an unpleasant versus neuttab lip, served as another primary
psychophysiological measure of FP (Quevedo, Sitimzella, Schunk, & Gunnar, 2010).
Experimenters adjusted and placed headphones ahitdeensuring that the ear cushions
completely encircled the ear. Children viewed 1@-agpropriate video clips (4 pleasant, 4
unpleasant, and 4 neutral), each 1-minute long Wtsecond intervals between each video
during which a blue screen was presented. The $@akdof the video clips were delivered
binaurally and kept at approximately 65dB. Precgdire set of 12 video clips, a neutral film
clip with a nature scene lasting about 1-minute usesd for habituation. Children viewed one of
three possible orders of video clip presentatidlofang the habituation clip. The order of the
video clips was systematically varied such thaewidlips with the same emotional valence were
not presented sequentially.

White noise bursts (set at 95dB) were presentealpatly at varying points throughout
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the task including the habituation clip, duringeadviewing, and 10-second rests in between
videos, to elicit a startle eyeblink response rdedrfrom two electrodes under the left eye. A
total of three noise probes were presented duiithgpwiewing. After the video played for 13
seconds to allow children to orient to the naturé affective material of the video clip, the
presentation of first noise probe varied randondin@en 7-12 seconds, the second noise probe
varied randomly between 7-12 seconds after thednsbe, and the third noise probe varied
randomly between 7-12 seconds after the seconep@ie noise burst was presented during
the 10-second rest and was delivered at 2, 4 secénds following the end of the previous video
clip. Throughout the experiment, 52 noise probeewielivered: 39 during each video clip (3
per video clip) and 13 in between video clips (L @& second rest).

Psychophysiological recording and data reduction. All EEG recordings were taken from
64 Ag-AgCl electrodes using the Active Two BioseBystem (BioSemi, Amsterdam, The
Netherlands). For EEG data acquisition, electrada® placed in a stretch-lycra cap according
to the 10/20 system with two additional electropieeed on the left and right mastoids.
Electrooculogram activity from eye movements andKsl were recorded at FP1 and three
additional electrodes placed 1 cm from the pupig placed directly beneath the left pupil and
the remaining two placed on the left and right oatener of the eye. In accordance with
BioSemi’s design specifications, the Common Modes8eactive electrode and Driven Right
Leg passive electrode served as a grounding deduiceg data acquisition. All EEG signals
were digitized with a sampling rate of 512 Hz uskaiiView software (BioSemi). EMG activity
was recorded from Offline analyses, described &mhdask below, were performed using
BrainVision Analyzer 2 (BrainProducts, Gilching, 1@&any).

EEG data were re-referenced to the numeric meémeahastoids and band-pass filtered
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with cutoffs of 0.1 and 30 Hz (12 dB/oct rollofBll trials were also corrected for eye
movements and blinks according to methods outlmeGratton, Boles, and Donchin (1983). A
computer-based algorithm was used to detect plogsaal artifacts such that individual trials
were rejected if there was a voltage step grehtar 50 pV between sample points, a voltage
difference of more than 200 pV within a trial, omaximum voltage difference less than 0.5 pV
within a trial. Trials with reaction times occurgioutside of a 200-1,300 millisecond window
were also removed from subsequent analyses.

EMG activity was recorded from two Ag-AgCl electesdplaced over the orbicularis
oculi (one electrode directly under the left pugmd the second electrode placed to the right of
the electrode beneath the pupil). EMG signals wiegitized with a sampling rate of 1000 Hz,
bandpass filtered from 30-300 KHz, and amplifie¢k28tartle responses were coded based on a
set of criteria outlined by Blumenthal et al. (2D@5d used on a similar sample population by
Quevedo and colleagues (2010). Coding parameteltgdied a sharp increase in EMG signal
amplitude between 20-175 ms following the onsdhefnoise burst, and a quiet baseline period
from 0-20 ms. Trials that did not meet such crétevere eliminated. Trials with eye-blinks
occurring 50 ms before the noise burst were digchrBliminated trials did not differ by age,
gender, or condition. FPS was computed as the geenamagnitude of coded startle responses
for each video clip valence. As is common for FR&gnitude values included startle responses
that had near-zero amplitudes and a positively skledvstribution, with skewness coefficients
ranging from 1.37 to 2.19, and kurtosis coefficser#nging from 0.63 to 5.67. Startle magnitude
values were log-transformed in order to accountternon-normal distribution.

Measure of Child Internalizing Problems

Maternal report of child internalizing problems. Maternal report of their child’s
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current internalizing symptoms was collected dutimgfirst laboratory visit using the Child
Behavior Checklist (CBCL; Achenbach, 1991). The CHBfovided two scales relevant to
general internalizing problems (anxious/depressedvwathdrawn/depressed), in addition to

scales keyed to DSM-IV definitions of anxiety andod problems.
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RESULTS
Psychophysiological Assessment of EC and FP

Behavioral performance. Children’s behavioral performances on the Go/Not&ak
were observed and are described in Table 2. Orageechildren committed 30.77 erro8D(=
10.45; range = 13-54), which contributed to thelyses of error-related waveforms. As
expected, children were significantly faster ino@sding on error No-Go trial${= 439.86 ms,
D = 66.42) relative to correct Go trialdl € 557.05 msSD = 71.94t(1, 25) = 11.03d = 2.16).
Children’s overall accuracy on both Go and No-Galgrwas 86.01%, with an average of 5.83%
inaccurate responses on Go trials and 38.46% inatectesponses on No-Go trials.

Children’s behavioral performances on the flanksktwere observed and are described
in Table 3. Due to a computer programming err@po@ses occurring after 750 ms post
stimulus presentation were not collected and tloeeethe number of correct responses is an
underestimate. Children included in analyses cotechiin average of 30.18 erro89(= 18.62;
range = 8-80), and had an overall accuracy ra80@0%. As expected, children were
significantly faster in responding on error trifi4 = 550.26 msSD = 173.36) relative to correct
trials M = 648.77 msSD = 121.71¢#(1, 27) = 6.36p < .001;d = 1.20). Behavioral performance
in both Go/No-Go and flanker tasks did not diffgrgender.

ERN. The presence of the ERN in both Go/No-Go and flatkeks was assessed with
a five (Site: Fz, FCz, Cz, CPz, and Pz) by twodlTTfiype: error and correct) repeated measures
ANOVA. The response-locked waveforms at the froatad central midline electrode sites (Fz,
FCz, and Cz) from the Go/No-Go task can be seé&igure 5. In the Go/No-Go task, results
indicated that there was greater negativity onrdrrals compared to correct trials(QL, 25) =

23.67,p < .001, partiah® = 0.49). While no differences across electrodessitere observed
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(F(4, 100) = 2.04p = 0.09, partiah® = 0.08), the significant interaction between Sitel Trial
Type (4, 100) = 12.72p < .001, partiah?® = 0.34) provided further support for the preseoice
the ERN. This interaction suggested that amplidiferences between error and correct trials
varied as a function of electrode site, with frosites showing greater negativity relative to
posterior sites on error trials. Follow-up pairesirplest-tests were conducted to analyze
amplitude differences between error and correalstat different electrode sites.

Results indicated that amplitudes at £2%) = 4.60p < .001;d = 0.90), FCzt(25) =
6.03,p <.001;d =1.18), Cz{(25) =5.16p < .001;d = 1.01), and Pz(25) = 3.03p = .006;d =
0.60) were more negative on error trials relatovedrrect trials. No difference between error and
correct trials at CPz were observg@%) = 1.42p = 0.17;d = 0.28). Although statistically non-
significant due to sample size, the amplitude ef EHRN alone was observed to be larger only at
FCz compared to CP®25) = 2.00p = 0.56;d = 0.40), which was also confirmed by the scalp
topography (see Figure 6). The mean differencenplidude between error and correct trials
(i.e., AERN) was larger at FCz compared to §2%) = 3.72p =.001;d = 0.73) and Pz(25) =
4.44,p < .001;d = 0.88), suggesting that maximum difference betwareor and correct trials
occurred at FCz. Therefore, analyses includingdb®No-Go task focused on the ERN at FCz.
The ERN amplitude at FCz was negatively assocmattddage, suggesting that a smaller or more
positive ERN was associated with younger age. Whaee was no relationship between age and
the number of errors committed, overall accuracyhenGo/No-Go task was positively
associated with age € 0.57,p = .002). The ERN amplitude at FCz did not differ boys M =
-1.63,9D = 4.61) and girlsNl = -3.02,9D = 4.89:t(1, 24) = 0.73p = 0.47,d = 0.30).

The response-locked waveforms at the frontal antr@lemidline electrode sites (Fz,

FCz, and Cz) from the flanker task can be seenguarg 7. While no differences across electrode
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sites were observe@ (@, 108) = 0.78p = 0.54, partiah® = 0.03) in the flanker task, results
indicated that there was greater negativity onrdrrals compared to correct trials flank&(T,
27) = 5.89p = 0.02, partiah? = 0.18). Despite the statistically non-significarteraction
between Site and Trial TypE&(@, 108) = 2.19p = 0.08, partiah® = 0.08), the large effect of the
amplitude difference between error and correclsirisvent-related waveforms, and scalp
topography (Figure 8) provided support for the pnee of the ERN. Follow-up paired-samples
t-tests indicated that amplitudes at §E27) = 2.08p = 0.05;d = 0.39), FCzt(27) = 2.28p =
0.03;d=0.43), Cz{(27) = 2.96p < 0.01;d = 0.56), and Pz(25) = 3.03p = .006;d = 0.60)
were more negative on error trials relative to eortrials. No significant difference between
error and correct trials at CPZ7) = 1.54p = 0.14;d = 0.29) or Pzt(27) = 1.34p =0.19;d =
0.25) were observed. Analyses including the ERNhaasured by the flanker task focused at
FCz since the ERN at this site was most negativarplitude and the difference between error
and correct trials at FCz had a moderate effeet Jike ERN amplitude at FCz not associated
with age, number of errors committed, or overatimacy. While there was no relationship
between age and the number of errors committedathaecuracy on the flanker task was
positively associated with age=£ 0.41,p = 0.03). The ERN amplitude at FCz did not differ f
boys M =-1.34,SD = 4.48) and girlsNl = -1.33,9D = 4.67;t(1, 26) = 0.01p = 0.99,d = .003).
FPS. Descriptive statistics of log-transformed startlagmitudes are described in Table
5. Paired-samplestests were conducted to examine differences betatetie magnitude
across different valence video clips. Results ssiggkthat startle magnitudes on negative
valence video clips was larger compared to positatence video clipg(l8) = 2.15p = 0.05;d
= 0.50), but not significantly different from neaitvalence video clip4((L8) = 0.74p = 0.50;d

= 0.17). Startle magnitudes on neutral valenceoscgps were not significantly different relative
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to the startle magnitudes on positive valence vidgs ¢(18) =-1.69p = 0.11;d = 0.39). These
findings suggest that while children had a largartle response to negative relative to positive
video clips, this did not necessarily indicate aeneeightened startle response to negative video
clips or inhibited startle response to positiveadctlips relative to neutral stimuli, which are
prototypical characteristics of fear-potentiategttit. Instead, the baseline startle magnitude on
negative valence video clips was larger compargubsitive valence video clips and was
therefore used as the primary marker of startlpaese in analyses described below.
Validity of Psychophysiological Markersof EC and FP
In order to assess the validity of psychophysidalgnarkers of EC and FP, bivariate
correlations were conducted between the ERN (asunead by the Go/No-Go and flanker tasks),
startle magnitude, and laboratory-assessed andmakteported EC and FP (see Table 6).
Behavioral and psychophysiological assessments of EC and FP. Results suggested
that laboratory-assessed FP across all tasks @ekigrelicit fear were unrelated to laboratory-
assessed EC € 0.07,p = 0.70). This finding is consistent with recetédature suggesting that
these two constructs are orthogonal dimensionshipuMendelsohn, & Wilson, 2013). While
not statistically significant, results indicatedhadium-to-large effect in the association between
the ERN measured by the Go/No-Go and ERN measyréukelflanker taskr(= 0.54,p = 0.11),
and the association between the ERN measured Wydhi¢o-Go task and startle magnitude=(
0.42,p=0.11). The ERN as measured by both the Go/Neutabflanker tasks was not
associated with laboratory-assessed EC, whereasitavp association between the ERN and
laboratory-assessed FP trended toward significenttee Go/No-Go taskr (= 0.41,p = 0.07)
and similarly for the flanker task € 0.33 p = 0.14). In order to further examine the relatldps

between the ERN and laboratory-assessed FP ifattieef task, its association was explored
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separately for boys and girls. While results inthdahere was a strong positive relationship
between the ERN and laboratory-assessed FP in @i#g0.79,p < 0.01), this relationship did
not hold in boysr(=-0.08,p = 0.81). This suggested that a smaller or mordipe€£RN was
associated with higher ratings of laboratory-ass#§3$° in girls, but not boys. Results also
indicated that larger startle magnitude was assatiith higher ratings of laboratory-assessed
FP ¢ = 0.53,p = 0.03), but not associated with high ratingsatioratory-assessed ECCH0.01,

p = 0.96).

Maternal-reported EC and FP. Analyses focused on maternal-reported CBQ scales
tapping EC (Low Intensity Pleasure, Inhibitory QuohtAttentional Shifting, Attentional Focus,
and Impulsivity) and FP (Fear) dimensions. Labasatssessed FP was unrelated to maternal-
reported EC and FP. In contrast, higher ratingsoded behavior indicative of EC in lab tasks
was associated with higher scores on the Attenttieoeus ¢ = 0.45,p < 0.01) scale and
unrelated to Low Intensity Pleasure, Inhibitory @oh Attentional Shifting, and Impulsivity
scales (see Table 6). Maternal-reported EC andétB unrelated to the ERN measured by both
Go/No-Go and flanker tasks. In contrast, there avaderate association between higher scores
on the Attentional Shifting scale and larger seantiagnituder(= 0.45,p = 0.06).

Mater nal-reported internalizing problems. To address the second aim of study to
further assess the validity of psychophysiologioarkers of EC and FP, bivariate correlations
were also conducted with frank internalizing synmpsoas reported by the child’s mother.
Maternal-reported internalizing symptoms were wateal to laboratory-assessed EC and FP.
With regard to psychophysiological markers of EQ &P, higher maternal-reported
internalizing symptoms that were indicative of atyiproblems consistent with those described

in the DSM-IV were associated with a larger or moegative ERN as measured by the Go/No-
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Go taskr =-0.41,p = 0.05 and flanker task,= -0.41,p = .05. Maternal-reported internalizing

problems were unrelated to startle magnitude.
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DISCUSSION

The present study examined the relationship betwebavioral and psychophysiological
assessments of EC and FP dimensions of temperaamehtheir associations to maternal-
reported internalizing problems in children. Thaghe first known study to not only compare
psychophysiological correlates of EC and FP toratooy-assessed and maternal-reported
temperament, but also compare these associationssatifferent psychophysiological tasks.
Consistent with our first hypothesis, psychophysiatal correlates commonly implicated in risk
for internalizing psychopathology in adults were@sated with laboratory assessments of FP. A
smaller ERN measured from both Go/No-Go and flatkeks, and a larger startle response to
negative-valenced video clips were associated gher ratings of behaviors indicative of FP
in tasks designed to elicit fear. While these fingdi were in the expected direction and consistent
with literature examining these associations inngpahildren, the small effect in association
between the ERN and laboratory-assessed EC suddbateeither the ERN is not a valid
psychophysiological correlate of EC or that itatenship to the EC is more complicated than
what was captured in the present study.

As reviewed previously, research suggests thaERMN reflects cognitive control
functions supported by the ACC. In other wordsgéaror more negative ERNs would be
expected to be associated with higher levels of@tkee functioning skills such as EC.
However, this hypothesis has largely been testédaradult literature. Researchers assessing the
relationship between the ERN and EC in younger [adjouns have observed contrasting
associations between these two variables. For eeampe study investigating the difference in
error monitoring in children 9- to 11-years- oldhvAttention Deficit-Hyperactivity Disorder

(ADHD) found smaller or more positive ERNs in chhéd with ADHD as compared to children
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without ADHD, possibly suggesting that childrenlwADHD had impairment in cognitive
control functions (Liotti, Pliszka, Perez, KothmagnWoldorff, 2005). In contrast, Bugio-
Murphy and colleagues (2007) examined the samgae$hip among different ADHD subtypes
and found that children between the ages of 7 @ndith ADHD-Combined symptoms had
larger or more negative ERNs compared to Non-ADiBects, suggesting that children with
ADHD-Combined symptoms may have been more vigilanheir mistakes.

There are several possible explanations to theegiaacies seen in the developmental
literature, particularly with studies investigatipgychophysiological measures such as the ERN.
First, researchers have adopted a range of metbpdssessing the ERN, and evidence suggests
that the differences between these tasks sucleagithuli may influence the children’s
behavioral performance (McDermott, Perez-Edgaro&,2007). These different paradigms
used across research groups make it challengiognpare results, and these differences may
play a role in the discrepancies seen betweerottaion, latency, and amplitude of the ERN.
Secondly, more recent studies have produced eweddiat the ERN and startle response can be
elicited in younger samples than previously beliew&'hile development itself could help
account for discrepancies such as those reviewadaqusly, it is difficult to disentangle this
explanation from the inherent problem of nonequxak of measures in developmental
research. In other words, since many of the psyleygplogical tasks used with young children
have been adopted from the adult literature angtadao be more age-appropriate, it is possible
that these tasks tap different constructs than dioeip studies of adults.

In addition to these basic methodological concef@as a construct may be more
complicated than previously thought, making it @aclwhether the ERN is a

psychophysiological marker of EC or a marker cheet of EC such as attentional control or

29



response inhibition. It is important to recognikis distinction particularly because specific
cognitive processes of EC, attentional and inhigitmntrol processes, might differentially
contribute to adaptive or maladaptive regulatiotrai FP (e.g., Muris, Meesters, & Blijlevens,
2007; White et al., 2011). The relationship betwdgenERN and other constructs such as FP
may be dependent on what facet of EC the ERN miayaby be tapping. Results revealed a
moderate effect in the association between a musiiye ERN as measured by the Go/No-Go
task and larger startle response, whereas a sre#fiéet was found with the ERN as measured
by the flanker task. The variation in these assmria may suggest that the observed ERNs from
these tasks may reflect different dimensions of &&€while both tasks involve response-
inhibition, the design of each task suggests thatido/No-Go task could be more specific to
inhibitory control processes while the flanker tas&ty be more sensitive to attentional control
processes. However, both measures of the ERN simallar associations with external
correlates such as maternal-reported internalignglems, suggesting that both tasks may also
be tapping a shared underlying construct.

Consistent with our second hypothesis, laboragmsessed FP was not related to
maternal-reports of child EC or FP. In contragghler ratings of coded behavior indicative of EC
in lab tasks were associated with higher scorasaternal-reported scales related to attentional
focus. One possible explanation for this findinghiat behaviors or emotions representative of
FP occur at a lower base rate whereas behavioging of EC may be more readily observed
and easily reported by mothers. Results also itelicdnat maternal-reported EC and FP were
unrelated to the ERN measured by both Go/No-Gdlanéer tasks. This finding is unsurprising
given that the ERN is a measure of a biobehavignaiess, and this microlevel analysis may not

be captured by maternal report. In contrast, thker® a moderate effect in the association

30



between higher maternal-reported attentional sigiftind a larger startle response. This finding
suggests that a child’s ability to effectively skaftention from one task to another was
associated with a larger startle response. Thacagson was not found with maternal-reported
inhibitory control, providing further support thdifferent dimensions of EC may differentially
contribute to the manifestation of FP.

Report of how these biobehavioral processes migimifiest, such as maternal-reported
internalizing symptoms, was moderately associatiitl ttve ERN as measured by both the
Go/No-Go and flanker task. The moderate effecherelationship between a more negative
ERN and higher maternal-reported internalizing soms indicative of anxiety problems as
described by the DSM-1V is inconsistent with recgtoidies investigating the relationship
between the ERN and anxiety in young children (Meyel., 2012). One possible explanation
for this unexpected result is that the associdtietveen the ERN and anxiety may differ
depending on risk and disorder status. More spadlfi, a recent study found that maternal
history of anxiety disorders, a risk factor for thevelopment of anxiety disorders, was related to
a smaller ERN in 6 year-old children (Torpey et 2013). However, a diagnostic assessment for
clinical anxiety disorders in this sample of chddrrevealed that anxious children were
characterized by a larger ERN (Meyer et al., 20ER)ending these findings to the present
study, the association between a larger ERN andrmatreported internalizing problems may
be independent from the opposing influence of f@kors such as increased FP in childhood on
the ERN. Maternal-reported internalizing problenesewnrelated to the startle response. There
are several possible explanations for this unexgaesult. First, results indicated that the startl
paradigm used in the present study did not eli€iP&, and therefore the largest startle

magnitude was used as a baseline startle measusgfidding suggests that either the newly
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designed task was ineffective at eliciting FPS,(vileo clips did not elicit expected affective
states) or provides evidence that the fear-defeinseit responsible for producing FPS is not
fully developed in young children. Given that cunréterature has only investigated this
guestion in older children (Quevedo et al., 201@tyre studies will examine observed startle
responses to this novel paradigm in adult samplésst determine whether this finding is a
function of methodological design.

While it was not a primary aim of the present gjughalyses exploring gender
differences revealed important implications foiufet studies. This is the first known study to
examine the association between the ERN and ansgégigrately by gender in young children.
Results indicated that in girls, there was a laffect in the relationship between a smaller or
more positive ERN and higher ratings of behaviodsaative of FP in laboratory assessments of
temperament, whereas in boys, this relationshipneagound. These findings suggest that there
is a potential moderating factor of gender on #iationship between the ERN and FP, and on
the association between the ERN and related angretylems in preschool-age children. Only
one study has examined this relationship in adMtsran, Taylor, & Moser, 2012). Moran and
colleagues (2012) examined the moderating effeserfon the relationship between the ERN
and anxiety problems in an undergraduate colleggka The association between enhanced
ERN and higher levels of worry was specific to féesaThis relationship is consistent with the
findings from the present study when considerirggdhserved shift in the association between
the ERN and anxiety problems in the developmertablture. The present results highlight the
importance of collecting longitudinal data acrasssitional periods such as adolescence to
better understand the shift in association betwieer=ERN and internalizing problems, in

addition to further examining how these genderedéhces may influence developmental
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trajectories associated with FP.

The present results should be considered in dgkeveral limitations. First, the different
parameters of the flanker task (combining both udhfiexd and modified versions of the task)
confound the findings, given that it is challengingattribute findings to the nature of the task
rather than the effect of the construct itself. ek there are a number of child-level factors
including engagement with the task and effectivcriation of an affective state that were not
explored in the present study that may play airotbe child’s performance or observed
response. Despite these limitations, the presadysitilized a novel approach in investigating
EC and FP across behavioral, psychophysiological naaternal-report methods that provided
support for integrating assessments of temperaawass multiple methods to better understand

biobehavioral processes implicated in risk for depmg internalizing disorders.
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Tablel

Multi-method Assessment of Temperament Dimensions

Temperament Dimensions I nternalizing problems
Fear-Proneness | Effortful Control
Behavioral Lab tasks: CodedLab tasks: Global behaviorgl --
Assessment expressions of | ratings of activity level,
fear compliance, attentional
control, and behavioral
control
Psychophysiological | FPS ERN -
Assessment
Parent-reported CBQ: Fear scalel] CBQ: Low Intensity CBCL: Anxious/
Measure Pleasure, Inhibitory Control,| depression scale,
Attentional Focus, Withdrawn/depression
Attentional Shifting, and scale, DSM-oriented
Impulsivity scales anxiety and mood scale
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Table?2

Behavioral Performance on No-Go Error and Go Coiretds in the Go/No-
Go Task.

Mean D Range
Error No-Go trials 30.77 10.45 13-54
Correct Go trials 226.00 15.21 180 - 240
Percent error on No-Go trials 38.46% 0.13 16.08.06%
Percent error on Go trials 5.83% 0.06 0.00 - 25.00%
Reaction time error 439.86 66.42 303.15 - 599.52
Reaction time correct 557.05 71.94 434.33 - 672.46
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Table3
Behavioral Performance on Error and Correct Tiiakhe Flanker Task.

Mean D Range
Error trials 30.18 18.62 8-80
Correct trials 125.14 42.70 46 - 185
Total Accuracy 80.20% 0.10 63.00 - 96.00%
Reaction time error 550.26 173.36 320.56 - 1156.17
Reaction time correct 648.77 121.71 468.00 - 993.00
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Table4
Mean @) ERN and CRN Voltage Amplitudes (uV) at Midlinge& Fz, FCz, Cz, CPz, and Pz.

Components Fz FCz Cz CPz Pz

Go/No-Go ERN  -1.65 (4.56)  -2.17 (4.67) -1.28 (4.06)0.48 (4.12) -0.73 (4.08)
Go/No-Go CRN 3.31(2.41)  4.15(251) 4.10(2.78) 9002.83)  1.66 (2.94)
Go/No-GoA ERN  4.96 (5.51)  6.32(5.34) 5.38(5.31)  1.37 (#.94 2.39 (4.02)

Flanker ERN -1.29 (4.56)  -1.34 (4.50) -1.18 (4.35)0.10 (4.10)  -0.19 (4.18)
Flanker CRN 0.68 (2.55)  0.68(2.87) 1.46(3.36) O0X®50)  3.73 (3.60)
FlankerA ERN 1.97 (5.01)  2.02(4.67) 2.64(4.72)  1.10 (.78 0.92 (3.64)

Note. ERN = Error-related Negativity. CRN = Correctgpense Negativity, the voltage amplitude
on correct trials identified in the same time windas the ERNA ERN = Difference between the
CRN and ERN.
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Table5b

Mean @) Startle Response Magnitudes (uV) to Neutral-jtRes,
and Negative-Valenced Video Clips.

Mean D Range
Neutral Peak 0.85 0.37 0.28 - 1.56
Positive Peak 0.74 0.30 0.15-1.40
Negative Peak 0.89 0.35 0.49 - 1.65
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Table6
Bivariate Correlations Between Behavioral and Pspblysiological Measures of EC and FP, and MateRegdorted EC and FP, and Internalizing Problems.

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Lab EC --

2. Lab FP 0.07 --

3. Go/No-Go ERN -0.18 041 --

4. Flanker ERN 0.24 0.33 0.54 -

5. Startle 0.02 051 0.42 0.13 -

6. CBQ Low Pleas 0.04 0.16 0.10 0.04 0.17 --

7. CBQ Inhib Cont 079 -021 008 012 002 08B0 --

8. CBQ Attn Shift 0.19 0.06 0.12 -029 0145038 0.37 -

9. CBQ Attn Foc 045 -022 -0.11 -0.07 -0.18 0.33 054 0.12 -

10. CBQ Impuls 033 0.03 -0.09 001 -029 -035-071" -044" -0.46 -

11. CBQ Fear -0.06 0.15 0.09 -0.18 -0.13 0.11 0.060.27  -0.16 -0.24 --

12. CBCL Anx/Dep -0.04 013 -005 0.00 -0.22 -0.15-0.17 -0.23  -0.15 -0.01 0.21 --

13. CBCL With/Dep 0.03 0.13 0.06 -0.22 0.11 0.06 .00 -0.01 0.12 -0.32 019 053 -

14. CBCL DSManx 0.19 -0.17 -0.41-041" -033 -025 -0.26 -0.13 -0.24 0.11 0.22 (.55 0.16 --

15. CBCL DSMmood  -0.02 0.18 010 0.01 -0.08 -0.040.10 -0.29 -0.21 0.09 0.01 0.64 057 0.32

Mean 0.05 -0.13 -2.17 -134 089 526 475 415 54.7 4.45 3.84 0.26 0.21 0.49
D 1.05 099 467 405 035 074 0.96 0.62 1.65 1.03 .830 0.25 0.21 0.35

Note. "p<0.10.p< 0.05.” p< 0.01.EC = Effortful Control. FP = Fear-proneness. ERBrror-related Negativity. CBQ = Child Behavior Qtiesnaire.
CBQ Low Pleas = Low Pleasure Scale. CBQ Inhib Golmthibitory Control Scale. CBQ Attn Shift = Attéahal Shifting Scale. CBQ Attn Foc = Attentional
Focus Scale. CBQ Impuls = Impulsivity Scale. CB@t~e Fear Scale. CBCL = Child Behavior Checklid8GL Anx/Dep = Anxious/Depressed Scale.
CBCL With/Dep = Withdrawn/Depressed Scale. CBCL M = DSM-IV Anxiety Problems Scale. CBCL DSMmoo®SM-1V Affective Problems
Scale.
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750 ms

Figure 1. Sample trials of the Go/M-Go zoo task.
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Figure 2. Zoo Map slide used before the beginning of the GeB¥% task.
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Figure 3. Sample trials of th8ankerfish task.
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Figure 4. Treasure Map slide used before the beginning ofiémier task
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Figure 5. Response-locked error and correct waveforms foGiNo-Go task at Fz, FCz, and Cz.
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Figure 6. Scalp topographies depicting voltages in the 0+©8@vindow following error and
correct trials in the Go/No-Go task.
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Figure 8. Scalp topographies depicting voltages in the tivimelow 39 ms preceding error and
correct trials and 60 ms following error and cottteials in the flanker task.
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