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Abstract:

Empathy incorporates cognitive and emotional respsriHastings, Zahn-
Waxler, & McShane, 2006), both of which have bedely studied at many
developmental stages, revealing that attentiona@ra& Rosén, 2000), inhibition
(Hansen, 2011), effortful control (Valiente, et @004), and perspective-taking skills
(Farrant, Devine, Maybery, & Fletcher, 2012) afluence emotional responding, i.e.
empathy. In relation to empathy in infancy, howeteese cognitive operations have not
been thoroughly examined. Cognitive measuresten@bn, habituation, and memory
were used as predictors of emotional contagiom@asured by latency to distress,
duration, and intensity of distress, heart rateelias and change, and baseline cortisol), a
precursor of empathy, in infants at 3, 6, and 9 tm®of agerf = 37).

Emotional measures of distress were assessedionss to recorded cries of
another infant. Cognition was assessed throughfant-controlledhabituation
procedure using a static, adult face, and by twaehyp preference trials. Heart rate and
looking time toward the stimulus were recordedxameine attention, information
processing speed, and memory. Salivary cortisslagaessed at the beginning of the
procedure.

More time spent in the disengaged attentional phelaged to longer latency to
distress, lower baseline heart rate, and lowerlin@seortisol levels. A long latency to
distress also related to less time in the sustaattedtion phase, failure to demonstrate an
novelty preference, longer look duration, and fetki@ts to habituation. Intensity was
also negatively related to look duration. Thesdifigs suggest that a relationship
between cognition and emotion may be observabdaily infancy. More specifically,
these findings indicate a potential relationshipeen faster processing speed (shorter
look durations), attentional control (less timehe disengagement phase), and an
increase in emotional sensitivity (shorter latetadistress) and emotion regulation
(lower intensity).

Some emotional and cognitive variables demonstratedistency over time and
demonstrate developmental patterns that are censisith the current literature.
Gender differences and maternal influences werefalend. Maternal influences are
discussed as an important contributor to infantteonal responding and socioemotional
development.

Keywords:Empathy development, emotional contagion, cognitieeelopment,
attention, cortisol, maternal influences
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CHAPTER |

INTRODUCTION

Empathy represents a key aspect of social functgpmiainly due to its implications for
prosocial and helping behaviors (e.g., Eisenbebldiléer, 1987). It is believed to motivate
people to act toward the benefit of others andissitered a primary process used not only to
facilitate altruism (e.g., Batson, 1991) but tosdsde aggressive behaviors (e.g., Phelps, 1994).
Surprisingly, however, little is known about thégims of empathy development in early life.
Behavioral outcomes such as helping behaviorsfega ased to measure empathy in individuals;
however, these acts require a lack of egocentasnawareness of others (theory of mind), and
the physical capabilities to help another, nonerluith has sufficiently developed in early
infancy. Therefore, young infants are generalbutjht to be developmentally incapable of
helping behaviors due to these physical and cogniitnitations. The majority of research
devoted to empathy has focused on individuals fooeschool age to adulthood, leaving the topic
largely unexplored in infancy, one of the most @bliand influential stages of development (e.g.,
Landry, Smith, Swank, & Guttentag, 2008). Thougldis exist that suggest the presence of
behavioral markers for rudimentary forms of empathyfancy, the question still remains
whether infants are even capable of empathic betsavif so, how can these initial roots of
empathy be identified and examined? The presadystims to identify early markers of

empathy in infancy by measuring the interrelatiamsng cognitive and emotional variables



that are related to empathy later in life.



CHAPTER Il

REVIEW OF LITERATURE

Development of Empathy

Empathy is believed to develop over time, eachestaglding upon the previous one
(e.g., Roth-Hanania, Davidov, & Zahn-Waxler, 20iilyrder for empathy to fully mature.
According to Geangu, Benga, Stahl, and Striano@®ahe fundamental building blocks of
empathy are considered to be emotional contagi@) &ad imitation (discussed in detail below).
Eventually, cognitive abilities such as perspectaldng, theory of mind and emotion regulation
(see Emotion Regulation section below) begin teettgyto build the structure of empathy that,
depending somewhat on the environmental input vedealluring development, becomes mature
empathy in adulthood. The development of suchuetstre then leads to the increased potential
for altruistic, prosocial, and helping behaviofghis bottom-up approach is present throughout
infant development, making it possible for more umatforms of social, emotional, and cognitive
skills to develop. For example, in a longitudisaldy, Ungerer and colleagues (1990) assessed
personal distress and self-regulatory skills imini$ 4 months of age and how such skills
predicted empathy-related behaviors at 12 montlagief At 4 months of age, self-regulation
was assessed using the Still-Face Procedure (Gi&nirronick, 1985) in which the infant’s
mother would interact with the infant for two mieat leave the room, and upon returning, resist

any interaction with the infant for another two oii@s. The infant’s coping behaviors in



response to this mild social stressor were recgridetliding signaling to the mother for
attention, attending to an object such as a paddireself-comfort, or averting attention away
from the mother. Then, at 12 months of age, enipédike behaviors were assessed. Here, the
infants viewed a 1-minute video of a peer smilind ¢hen becoming upset and crying. The
duration of the infants’ distress responses tadicerding was assessed. It was found that the
individual differences in self-regulatory behaviarsd personal distress in response to social
stressors at 4 months were able to predict empeghponses at one year. More specifically,
infants at 4 months demonstrating poor self-regujdbehaviors (as indicated by a higher
frequency of self-comforting behaviors in respotwsthe Still-Face Procedure) were more likely
to exhibit a high personal distress response teitteo at 12 months. These findings emphasize
the possibility of continuity across ages in eamypathy development and that a child’'s
repertoire of regulatory behaviors in responsedastiessing event is ever increasing and
maturing over time (see Physiological Markers sectielow). The Ungerer et al. (1990) study
emphasizes continuity over time with regard tovidiial differences in distress responses that
could theoretically be consistent with later empathsponses in older children and adults. Thus
they raise the possibility that empathic developni®nonsistent over time, and that an
assessment of early forms of empathy could préatictidual differences in mature empathic

responding at later ages.

This idea of continuity will be explored furthertime following literature review through
an overview of the work that has been conductedfancy on empathy and empathy-related
behaviors. First, the integration of the many migtins of empathy including both affective and
cognitive components will be discussed. This tdifollowed by an overview of the studies of
empathic responding and other empathy-related hefsahat can be seen in infancy, childhood,
and adulthood. Additionally, physiological markefghe stress response system involved in

emotional responding, such as cortisol and het#t vall be discussed and their relationship to



both cognitions and emotions. Finally, a discussin the integration of cognition and emotion
with regard to empathy development will be presgnfEhis integration can enrich our overall
understanding of empathy — including that of emypatbkarliest formation — serve as a
knowledge base to enhance child development litexaand identify tools to stimulate and

nurture empathy from its beginnings.

Definition of Empathy

Empathy is a complex psychological construct thddst understood using a
multidisciplinary approach involving social, ematad, cognitive, neurological, and physiological
components (Feshbach, 1978). Such an extensielimdnsional perspective offers a more in-
depth understanding that can lead to potentiahiatgions into empathy and prosocial behaviors

across the lifespan.

There are numerous definitions of empathy, eacingawndergone several
transformations over the years. Many of thesenitiefins focus on empathy in either affective
terms such as an emotional response to anothepgrg., Hoffman & Levine, 1976; Moore,
1990), or cognitive terms such as understandinghans emotions (e.g., Deutsch & Madle,
1975; Kurdek, 1978). The affective view often s affect matching, EC, and an automatic
emotional reaction (see Emotional Contagion belolw)contrast, other definitions of empathy
highlight the cognitions involved, referring to eatlpy as involving perspective taking (Deutsch
& Madle, 1975; Kurdek, 1978), observational imivati Geangu et al., 2010), the ability to
identify and understand the emotional state offzgraind the ability to discriminate between the
other and the self (Feshbach, 1978). Most of thegeitive views, however, assume that the
individual experiencing empathy has matured t@mgesbf cognitive development that allows for
such advanced processes to take place. Additiorelseen across many subfields of

psychology, the recognition of the need to exartteesocial, emotional, cognitive, neurological,



and physiological aspects together has emergedn &itempt to gain a better understanding of
empathy, the present study utilizes this multidigienal approach (e.g., Cozolino, 2006; Strayer,

1987), combining both the cognitive and affectieenponents.

Such a multidimensional approach emphasizes ttdgratanding the integration of
cognition and emotion is crucial to understandimgrany aspects of empathy and the
development of it. Over two centuries ago, AdamtBifas cited in Hastings, Zahn-Waxler, &
McShane, 2006) defined empathy as “the abilityrtdarstand another’s perspective and to have
a visceral or emotional reaction” (p. 483). Thasinition recognizes both the cognitive
understanding as well as the emotional responsdvied in empathy. Many others have since
agreed with this definition and adapted it. Deeetd Jackson (2004), for example, outlined
empathy as involving “not only the affective expeice of the other person’s actual or inferred
emotional state but also some minimal recognitiwh @nderstanding of another’'s emotional
state” (p. 71), suggesting a more cognitive congpors necessary. Similarly, according to
Hastings et al. (2006), empathy involves recoggifoognitive awareness) and sharing
(emotional experiences) another’'s emotional st@tas integration is further outlined in the
model proposed by Feshbach (1978) involving (19diffe sharing (feeling what the other is
feeling), (2) a cognitive ability to take the pegstive of another (knowing what the other is
feeling), and an additional third category (3) seter awareness (discriminating between the
emotional states of the self and another). Thkseents — cognitive and emotional — are so
intricately bound in current theory that it seemprapriate to conduct early developmental
studies to link them in empathy research. Exargieimpathy’s origins and the underlying
processes involved in its development is only allgpaat of understanding empathic responding.
This knowledge can also enrich our overall undeditay of empathy, increase the understanding
of empathy’s earliest formation, serve as a knogddoase to enhance child development

literature, and identify tools to stimulate andtote empathy from its beginnings. The following



literature review will provide an overview of theovk that has been conducted in infancy on

empathy, empathy-related behaviors, and the eaklgldpment of empathy.

Empathy Development in I nfancy

The majority of empathy research has left the dgrakntal stages of early infancy
largely unexplored. However, this lack of inforiatis understandable given the physical and
cognitive boundaries of such a young populatiarfarits and toddlers are both sensitive and
responsive to the emotions of others, but the wayghich their empathy-related responses are

manifested are largely limited by their cognitivedghysical abilities (Ungerer et al., 1990).

Physical helping behaviors do not begin to emergg thhe second year of life, in which
the child exhibits empathic concern in the fornpafting, touching or hugging someone in
distress (Zahn-Waxler, Radke-Yarrow, Wagner, & Ghap, 1992). In addition to the ability to
initiate motor activities, mature empathy also tieggicertain key cognitive prerequisites,
including self-other awareness, self-regulatioembtions, and diminished egocentrism (Decety
& Jackson, 2004), all of which are underdevelogedérhaps eveandeveloped) in infancy.

The basis for self-other awareness lies in thebrygiond, or the ability to recognize that another’s
mental state is distinctive from one’s own. Thigidevelopmental milestone that typically
begins to emerge between the ages of 18 monththeselyears (Ungerer et al., 1990). Emotion
regulation is thought to begin development in igfatbetween 3 and 9 months) and continues to
refine even into adulthood (Kopp, 1989; Lawton, ke, Rajagopal, & Dean, 1992; see
discussion below for more information on emotiogulation) and egocentrism does not begin to
decline until the age of 3 (Piaget, 1951), allowihg individual to think beyond purely self-
focused desires and toward what another might weed!. Because each of these constructs is
necessary to the development of mature empathyhbytdo not develop until after the age of 1

year, their absence creates a significant obstackxamining empathy prior to this time.



Although there are limitations to an infant’s enipatabilities, recent research has
indicated that the potential for empathy can b& sgdirth, allowing an infant to connect with
others emotionally and leading to empathic behauioat are evident throughout the first few
years of life (Zahn-Waxler et al., 1992). In otiards, the basic building blocks of mature
empathy are thought to be present long beforediaged intentional behaviors can be seen,
pending development through interaction with otl{Bracety & Jackson, 2004). These basic
building blocks are thought to include EC and inmia, both of which can be seen very clearly in

early infancy (e.g., Sagi & Hoffman, 1976) and vl elaborated on below.

Emoational contagion. Emotional contagion (EC) is the ability to imitateshare
emotions with another (Thompson, 1987) and in ic§as seen as an undeveloped form of
empathy (Cummings, Hollenbeck, lannotti, Radke-¥arr& Zahn-Waxler, 1986). Zahn-
Waxler et al. (1992) hypothesized a biological pgpdsition for empathy that is seen in the first
few days of life and is demonstrated through inotabf emotions (e.g., Field, Woodson,
Greenberg, & Cohen, 1982; Meltzoff & Moore, 197@ylaeflexive crying in response to another

infant’s cries, i.e. EC (e.g., Sagi & Hoffman, 198mner, 1971).

In infancy, EC is considered automatic; a refleat thccurs before regulatory cognitions
begin to develop (Simner, 1971). When an infaigbenters another's distress, that infant is
thought to experience EC, not yet mature empalitys is an egocentric reaction that reiterates
the fact that the infant’s empathic responsesiariéeld both cognitively and physically (lacking
the ability to offer aid through mobility or langye). The infant brain is very sensitive to input
from the environment and to other’s emotional quiggerer et al., 1990), which suggests that
EC is in fact an important process in developingaiimy. It is not until an individual moves into
the second year of life that the ability to distirgh the self from the other begins to emerge,(e.g.
Roth-Hanania et al., 2011). Through this cognitieeelopmental process, the child’s emotional

involvement in another's distress moves from shaelfidistress to sympathetic concern for the



other, in which helping and prosocial behaviorsithég emerge. This reiterates the importance
of examining empathy in its most rudimentary foprgviding opportunities for interventions in
its development. Infancy and early childhood asteegnely malleable developmental periods;
the first few years of life can provide individuaith the foundation of skills that will be used
into adulthood (e.g., Ainsworth, 1989). Thus ifathy is present and can be detected in
infancy, and is connected to more mature formgwdathy later in life, it can be argued that
early infancy is a highly influential developmenstdge in which changes can be made. This
idea of changes and interventions in empathy deweémt in infancy and childhood is discussed

further in the Maternal Factors section below.

Empathy and EC can be measured most effectivebyitr distress simulation paradigms
(Eisenberg & Miller, 1987). In childhood, the uddaboratory experiments, stories, pictures, and
videos are the most common. In laboratory experisyéhe experimenter, mother, or another
child feigns a mild injury, such as pinching a fngr bumping into a chair. At ages as young as
one year, children show levels of emotional concattempt to understand the distress of others,
and engage (or attempt to engage) in prosocialtetdatter beginning as young as 8 months;
Roth-Hanania, et al., 2011). Each of these behawas shown to increase with age (Roth-
Hanania et al., 2011; Zahn-Waxler et al., 1998)olter children, adolescents and adults,
empathy is typically examined using both distresaikation paradigms and parent or self-report
measures (e.g., Rieffe, Ketelaar, & Wiefferink, @01With infants, however, many of the
studies involving EC have used the contagious arggigm (e.g., Simner, 1971), or facial and

postural mimicry (Meltzoff & Moore, 1977, 1983, 139994).

The contagious cry method consists of playing reorcries of other infants and/or
other noises and observing the infant’s distresgaeses to the sound. This paradigm has been
tested on multiple age groups including infants #ra only a few hours old to beyond one year

old. For example, Martin and Clark (1982) showrat tnfants as young as 18 hours will cry in



response to another newborn’s cry. This was futltamined using a recording of white noise, a
computer generated cry, and a recording of thentig@awn cries (Martin & Clark, 1982; Sagi &
Hoffman, 1976; Simner, 1971). With each of theésaudi, infants were not as responsive as they
were to another infant’s distress cries. In additthe same paradigm was used, but with the
cries of an infant of a significantly different atin the participant and yet another with thescrie
of a similarly aged primate (Martin & Clark, 1982agi & Hoffman, 1976; Simner, 1971).

Again, the infant’s distress responses were strmoingde similar-aged human cry condition, thus
demonstrating a more prominent EC response to ttrase most similar to the infant’s own.

Sagi and Hoffman (1976) concluded that "the faat tme day-old infants cry selectively in
response to the vocal properties of another irf@ny provides the most direct evidence to date

for an inborn empathic distress reaction” (p. 175).

Very few studies regarding the contagious cry rexganded beyond the neonatal period
(birth to one month). One exception is a studydemted by Geangu et al. (2010) in which the
contagious cry phenomenon was demonstrated intsédrl, 3, 6 and 9 months of age. It was
found that infants at all four ages exhibited aal@nd facial distress response to the recorded
cries and did not vary in duration or intensityass genders or age groups. Another exception is
a study conducted by Roth-Hanania et al. (20119linrg 8- to 16-month-olds. The infants’
empathic responding was observed cognitively thndugpothesis testing (the infant’s attempts
to explore or comprehend the other’s distress) tiemally through distress responses (or EC),
and physically through prosocial acts. Prosoatd ancreased most across ages, followed by
empathic concern and hypothesis testing. Additipniadividual differences in both cognitive
and emotional empathy predicted prosocial behaviitsn the second year of life. This
suggests that primitive forms of empathy existaryeinfancy and are related to prosocial

behaviors as they relate in adulthood.
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There is evidence that, though egocentric in natt@epersists into adulthood even after
more mature forms of empathy develop (Dimberg, Deug, & Elmehed, 2000; van Baaren,
Holland, Steenaert, & van Knippenberg, 2003; WHd,, & Bartels, 2001). Outside of infancy,
high levels of EC are not beneficial to generaladanctioning. Adults exhibiting personal
distress reactions generally will only help anothénere is no way to avoid the situation or if
helping is the easiest way to relieve that indigithiown distress (Ungerer et al., 1990). This
response is typically due to emotional over-aro(iSsenberg, Fabes, et al., 1998) and the
incapacity to regulate those emotions—a developatigrappropriate response for an infant but
not for adults. In adults, EC has been found tgatieely relate to prosocial helping behaviors
(Eisenberg & Fabes, 1990) and higher-level momdwoaing (Carlo, Eisenberg, & Knight, 1992;
Eisenberg, Carlo, Murphy, & Van Court, 1995). mmfaon the other hand, do not have the

capacity to relieve another’s distress or the dbgnunderstanding to do so.

Though high amounts are not beneficial in adulth&id in early life can be used as an
accessible early marker for empathy, due in pattieéainder-development of necessary cognitive
abilities for fully mature empathy (Geangu et 2010). EC in infancy has been theoretically
linked to later empathy and labeled as a rudimgntarsion of empathy (Hoffman, 2000). EC
appears to be laying the developmental foundatiotefer empathy, suggesting that there may
be a consistency in the developmental trajectongbathy (Cummings et al., 1986). However,
longitudinal work in this area is still needed tetermine the actual predictive abilities of EC on

mature forms of empathy.

Imitation. Imitation in infants plays a significant role in pathy development. It
differs from EC in that imitation can be both plogi(imitating body movements) and emotional
(imitating or mimicking emotional expressions). BGffect sharing, in which the person is not
only imitating the emotion, but also experiencinthemselves, whereas imitation is mimicking

the emotion of another. Imitation however is imgtdor early social interactions by providing
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the tools necessary to begin to understand andwisthe world from another’s perspective.
Such an experience with another person providéstarpersonal understanding that leads to
perspective taking skills, theory of mind, and ethgdater in development (Meltzoff, 2002). An
infant’s understanding that others are “like-med\ydes an ever-expanding connection to
interpersonal understanding and social cognitioaltasff, 2011). Meltzoff (2011) promotes the
idea that an “infants’ understanding of otherssastenriched by performing similar acts
themselves” (p. 53). In order for an infant to ersfand another's mental state and behavior, as
would be necessary in producing an empathic regponm any social interaction, the infant
assigns meaning to another’s behaviors based orothe self-experiences. This gives infants a
way to interpret their world and instill meanindgdrthe acts of others without the use of language
because the other is seen as “like-me” to the tnfimitation acts as one of the first steps toward
these goals and is thought to be one of the bgjldiocks of empathy as it creates a foundation

for perspective taking (e.g., Sagi & Hoffman, 1976)

Generally, facial and postural mimicry have beesdus studies regarding emotional
responses in infants. Through imitation, infargs make an initial rudimentary connection
between the self and another. Meltzoff and Mo&8¥¥) originally observed 12- to 21-day-old
infants imitating the facial expressions of aduli$eltzoff and Moore (1983, 1989) were able to
replicate this same study with infants less thahdi@s old. In each study, infants easily imitated
the facial expressions and movements of the aduilss is true whether or not the infant is
familiar with the adult (Meltzoff & Moore, 1992)t has also been shown that 6-week-old infants
are able to not only mimic the facial expressiohadults, but also to imitate the same expression
24 hours later (Meltzoff & Moore, 1994), demonstrgtthe infant’s ability to mimic the physical
movements and also learn to make these expresamgzendently, thus beginning the process of

emotion recognition and expression. Along theseeskines, infants only a few hours old
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(average age, 36 hours) can distinguish betweéarelift emotions, including happy, sad, and

surprised (Field et al., 1982).

Through the above reviewed studies, it can be arthet the potential for empathy is in
fact present at birth (Zahn-Waxler et al., 1992jnotional contagion behaviors can be seen very
early in life and continue to manifest themsehesughout infancy (Geangu et al., 2010).
Likewise, imitation can be clearly seen as an eadyker for empathic behaviors. Through
imitation, an infant can begin to observe and decanclusions about their own and other’s
emotional states, thus leading to a fully develappedry of mind (Meltzoff, 2011). Once an
individual has matured beyond infancy, these caatagnd imitation behaviors could potentially
transform into more beneficial, prosocial behaviomtingent on the amount of reinforcement

and nurture received at this critical developmestade.

M ater nal factors. Though not directly incorporated into the hypotwesf the current
study, the effects of nurture on the developmemnapathy and emotionality in general are
highly influential and will be briefly discussedriee Father-child interactions, though very
influential in a child’s development, will not bedressed here as the literature is very sparse on

the topic and data were not collected in the ctirsardy on this topic.

Infants are both sensitive and responsive to #rerironments, absorbing available input,
whether positive or negative (Ungerer et al., 1980} these early interactions can shape the
psychological development of the child and layadblst or unstable foundation for the child’s
psychological health into adulthoodgtional Scientific Council on the Developing Chik012)
The evidence demonstrating how parenting behagiadsparent-child interactions strongly
influence later development is becoming more rezeghand robust (e.g., Landry et al., 2008),
particularly as it pertains to neurological develgmt and the need for what is termed “serve and

return” (ZERO TO THREE: National Center for Infant®ddlers, and Families, 2005). Serve
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and return is a developmental theory in which tieraction between the child and parent is
highly influential, especially in early years. &mfant “serves”, or reaches out to their parent i
a social or emotional way, expecting a certainramtive response (“return”). For example, an
infant may interact through babbling or facial eegsions, and typically, adults will respond by
imitation of the vocalizations or expressions. sThack-and-forth is an essential part of the
infant’s socioemotional development, and when dtissupted, the infant’s development often
suffers. An environment in which the adult doesinteract with the child in a healthy way can
create major stress for the child. This stressimmgract the developing brain and increase the
likelihood of developmental and behavioral probldater in life (see Stress Response System

section below for more detail).

Earlier it was mentioned that EC responses to naatdevelop into empathic behaviors
later in life, however, in order for this to occarpositive, nurturing, supportive environment is
needed.Most of the current research on the impact of nmaenteractions on empathy
development include subjects no younger than poescthus, as is the case with much of the
empathy development research, limited work is abédl in the infancy period. Some of the
research provided indicates that early in infahmy, levels of maternal interactions (as would be
the case for depressed mothers), increases aioustnts (Field, 2002; Field, Diego,
Hernandex-Reif, & Fernandez, 2007) whereas pogitiaternal interactions tend to decrease
infant personal distress and increase prosocia\iefs later in infancy (Spinrad & Stifter, 2006;
Valiente et al., 2004). For instance, Field e{2007), using the contagious cry paradigm, found
differences in the emotional arousal in infantsl@bressed versus non-depressed mothers.
Additionally, Spinrad and Stifter (2006) show thadternal responsiveness negatively predicted

the infant’'s personal distress response in 10-1&chonth-old infants.

In relation to emotion regulation (discussed beldwysache, Blair, Stifer, and Voegtline

(2013) provide evidence that the quality of carggj\affects infants’ level of regulation. To
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elaborate, a high level of negative affect in irfars indicative of children who themselves have
the most positive outcomes later in developmentwhesupportive environments. On the other
hand, these children with high negative affechiiamcy have the worst outcomes in unsupportive
environments. In other words, in highly emotiosiiations, strong support systems (positive
parent-child relationships) are likely to provideenvironment that is beneficial to developing

self-regulatory behaviors, whereas low supportiwgrenments do not (Ursache et al., 2013).

In conclusion, a child’s environment strongly irdhces emotional development,
particularly with regards to emotional reactivitydaregulatory behaviors. These differences in
development of emotionality have implications fomha child responds to distressing events
(behaviorally, psychologically, and physiologicaland for later cognitive development of
regulatory capabilities. Each of these aspectsbe&icovered in the subsequent sections of this

literature review.

Empathy and Prosocial Behaviors

Empathy is a crucial factor in the expression afspcial behaviors and is correlated with
many prosocial, helping reactions in both child addlt populations. For example, separate
meta-analyses conducted by Feshbach (1978) anddeigeand Miller (1987) both concluded
that a positive relationship exists between empatid/prosocial behaviors for both children and
adults. In children, lannotti (1975, 1985) obsertteat measures of empathy (emotion matching)
in preschool, kindergarten and third grade childeene related to prosocial acts toward peers
(i.e., sharing). Similarly, self-report measurésmpathy have been found to correlate with
prosocial acts of sharing in children (Dolan, 198Sjrayer (Strayer, 1983; Strayer & Roberts,
1984) demonstrated that children’s empathy wadigesi related to parent reports of prosocial

acts. In adults, self-reported empathy has beewrslto relate to prosocial acts such as

15



volunteering to help another in need (e.g., ArcBéaz-Loving, Gollwitzer, Davis, & Foushee,

1981) and self-reports of prosocial attitudes amst prosocial behaviors (e.g., Burleson, 1983).

In an early study conducted by lannotti (1975),rétige and emotional empathy,
aggression, role-taking skills and altruism wergeased in 6- to 9-year-old boys. The children
were shown pictures of other children in socialaibns and read a corresponding story. In this
population, empathic responses increased with agevare positively related to role-taking and
altruistic behaviors. A few years later, lann¢i®85) conducted a second study that assessed
prosocial behaviors in preschool children usingéhdifferent approaches: observation in a
natural setting; measures of perspective takingathy, and prosocial acts; and teacher ratings
of prosocial behaviors. With each of these threasarement approaches, empathic responses
were found to predict prosocial acts such as spacooperation, and helping behaviors.
Specifically, perspective taking was related tghmg behaviors and was able to predict teacher

ratings of prosocial behaviors.

Additionally, Buckley, Siegel, and Ness (1979) assel empathy, perspective taking,
and prosocial behavior in children 4-5 years dipathy was measured through a narrative
measure in which the child was asked to indicagecthild’s own feelings and the feelings of the
character of the story, as well as situational @mdtional role taking. Sharing (giving part/all of
a snack to the child’s best friend) and helpingiémg with cleanup of a box of pencils that fell
to the ground) were also assessed. Additional uneasvere used to examine perspective taking
(selecting a gift for an opposite-sexed siblindrizmd, for example). Finally, teacher-ratings of
empathy and prosocial behaviors were collectece dtithors found a positive relationship
between empathy, prosocial behaviors, sharingpanspective taking that was strongest when

directed toward their peers.
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Finally, Feshbach (1978) examined empathy in i@tatid altruism in 3- to 8-year-old
children. Perspective taking, empathy, and alimisehaviors were measured. Perspective
taking skills were examined through a task in whitad child was asked to rotate a model
(consisting of toy trees, buildings, and animatsjlsat a toy cartoon character would have the
same view of the model as the child. Empathy dindistic behaviors were measured through
emotion recognition, helping behaviors (cleaningqaypuzzle that fell apart) and sharing (a cookie
at snack time). Positive correlations between éhypand altruism, and between altruism and

perspective taking were found.

While correlational work is important to understaardpathy, the research has been
further extended through intervention studies. ugiouncommon, attempts have been made to
cultivate empathic behaviors in childhood. lann@®75), for example, implemented training
procedures in an attempt to increase empathic msgigdn 6 year olds. The children were asked
to respond to empathy arousing conditions eithecegtrically or in an others-centered manner.
He found that the children trained to role-playae-switch, both others-centered conditions,
exhibited significantly more short-term empathic ganosocial behaviors than did children in the
control group. Similarly, Feshbach (1978) repthtst empathic behaviors positively related to
teacher ratings of prosocial behavior in elemengahool children who participated in empathy
training sessions. More recently, interventiongehldeen made in school systems to increase the
empathic responding and prosocial behavior in obild For example, in a study conducted by
the Roots of Empathy organization (e.g., Santosriidr, Whalen, Chateau, & Boyd, 2008),
prosocial behaviors (sharing, including, and coafieg) and aggression (physical, relational, and
social or bullying) were measured in elementarypsthged children. Randomized control trials
were used with one group receiving empathy andogiakbehavior interventions, and another
receiving no change. Those children in the intetioe groups showed increased helping

behaviors, perspective taking, sharing, and pemsance, as well as decreased aggressive
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behaviors toward their peers. Through these ssudtiappears that empathy-enhancing training
has at least some effect on young children’s priasbehaviors, albeit potentially short-term or
limited to context. Perhaps if training—for pareand children—were to begin at younger ages
than 6 years, infancy or preschool for examplengka in empathy and prosocial behaviors

might be more enduring.

While there is debate among researchers on thevatioth behind prosocial behaviors—
egocentric or altruistic—it is widely agreed thatpathy plays an essential part in prosocial and
positive behaviors, rendering empathy an importanstruct to examine. It is conceivable that if
more is known about empathy, especially regardiegearly predictors and influences, effective
interventions can be made to nourish and devel@pildren empathic behaviors and prosocial

responses that last a lifetime.

Empathy-Related Behaviors

In adulthood, empathy is associated with two relagsponses: sympathy and personal
distress, both of which will be discussed heremg@athy is an emotional reaction that is based on
the uneasiness of another’s emotional state.vdtiwes feelings of concern and sorrow for the
other person. While a component of empathy, fedifslightly in that sympathy does not include
the sharing of another’'s emotional state (Eisenbatentzel, & Harris, 1998). It is believed to
stem from empathy, however, and may promote rahti@dvanced cognitive processes such as
perspective taking (Valiente et al., 2004). Inle&gJwympathy has been positively related to
prosocial behaviors (Eisenberg & Fabes, 1990) agtieh-level moral reasoning (Carlo et al.,

1992; Eisenberg, Carlo, et al., 1995).

Personal distress, the other component of empdé#mtified in adulthood (Eisenberg,
Wentzel, et al., 1998), relates closely to EC at thoth can lead to individuals attempting to

alleviate their own distress without a requiredcHiieregard for the well-being of another
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(Eisenberg & Fabes, 1990). In adulthood, the te@ris used frequently as the sharing or
imitation of another’'s emotional state (Thompsd@81), and could include positive, negative, or
neutral emotions (excitement, distress, or yawfingxample). The term personal distress tends
to be used to describe a self-focused, aversiveaienad reaction, such as anxiety or discomfort,
to another’'s emotional state (Eisenberg & Fabe8018isenberg, Wentzel, et al., 1998). Both of
these constructs, EC and personal distress, carabaged by emotion regulation in adulthood
(See Emotion Regulation below) and require cogaifitocesses such as decreased egocentrism
and theory of mind or a self-other awareness. igtance, if an individual were able to
effectively regulate emotional arousal resultirmpiranother’s emotional display (negative or
positive), the individual would not become so ovieelmed by emotion that the individual would
shift the focus of attention from the other to siedf (egocentrism and theory of mind), as would
be the case in both personal distress and EC (kgsgret al., 1994). In infancy however,

emotion regulation, theory of mind or self-otheraa@ness are only beginning to develop and
egocentrism has not yet declined. This implies B@, and not personal distress, can be seen at
these young ages. Therefore, it is EC that i<#llyi measured in the infant research (e.g.,
Simner, 1971). However, at these young ages, B@da mistaken for and labeled as personal
distress as the literature regarding infant EGimarily focused on negative emotional reactions
(e.g., Martin & Clark, 1982). For the purposeshi$ study, the two will be considered

homologous in the infant population.

In addition to sympathy and distress, emotion ratijuh is an important factor in
empathy and its development (many other types@flatory processes become essential to the
discussion on physiological stress responses dsaw#le integration of cognition and emotion.
These relationships will be elaborated on in thgsRitogical Markers and Cognition and
Emotion sections below). Emotion regulation isimed as “the process of initiating,

maintaining, modulating, or changing the occurremaensity, or duration of internal feeling
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states and emotion-related physiological proceqggisénberg, Fabes, Guthrie, & Reiser, 2000,
p. 137). Cummings (1987) examined children’s rieadib anger and conflict in adults. He
observed that children tended to fall into onehoéé categories of responding: under-controlled
(labeled as ambivalent; high emotional arousalreggive behaviors, and other dysregulated
behaviors), over-controlled (labeled as unresp@)si neither (labeled as concerned; felt an
emotional reaction to the situation but did notroeact). Of the three groups, it was children in

the latter that tended to exhibit the most sympatheehaviors.

Building on such results as reported in Cummin@87), Eisenberg and Fabes (1992)
proposed a theoretical model to describe the idti@rmbetween regulation and emotional
reactivity. In short, the theory states that indiials can fall into one of two emotional reacivit
categories and one of three regulation style caitegjo For emotional reactivity, an individual
can express moderately high or moderately low ematiintensity in response to an emotionally
evocative event. With regards to regulation stgteindividual can express high inhibition,
optimal regulation, or under-regulation. Ursachale(2013) add that emotional arousal and
automatic, rudimentary regulation can lead to neetbpment of higher-order self-regulatory
behaviors such as attentional control (see Cognéiad Emotion) and other executive functions
(see also Kopp, 1989). Additionally they argud tha relationship between emotional arousal
and later executive functioning is moderated byik&ipn of the emotional arousal. In other
words, high levels of emotional arousal are berafand indicate improved executive function
development when accompanied by high levels ofledigu, but they indicate poorer executive

function development when accompanied by low leg&lsmotion regulation.

In conclusion, empathy incorporates many psychobdgirocesses including personal
distress, sympathy (e.g., Eisenberg, Wentzel,.e1998), and self-regulation (e.g., Ungerer et
al., 1990). Regulation has a strong influence ensgnal distress responses and EC (e.g.,

Eisenberg et al., 1994). In infancy, regulatorigdgors are automatic and still in early
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developmental stages, thus further developmerteshtis dependent on many things, including
quality of environment and caregiving (Ursachelet2z®13). Finally, since empathy has strong
connections to prosocial behaviors in childhood adalthood (e.g., Eisenberg & Miller, 1987), it
is important to examine the early development obatimy as well as the underlying factors that

contribute to it in order to find a potential atdl period for intervention.

Physiological Markers

In addition to external behavioral responses tdterts distress, individuals also
demonstrate internal responses such as changearirate (HR) or other measures of the body's
stress response systems (Ungerer et al., 19903.intlrnal response can be especially useful in
infant research where the population is limitethath cognitive abilities as well as external,
behavioral responses. Whereas an adult can resobally or with physical helping behaviors,

a young infant has only limited capabilities ofpesding. Regardless of whether an infant feels
empathy toward another, the infant is not onlyétyginaware of the causes of another’s distress,
but also unable to help alleviate that distredseeiverbally or physically. Despite these
limitations of mobility, language, and cognitivesoairces, the infant is still capable of imitating
the emotional distress of another externally anelxbiibiting an internal, physiological response

to the situation (Ungerer et al., 1990).

The biological underpinnings are just as importnthe behavioral markers in the
multidimensional process of empathy. Many of tbé-focused emotional responses utilize the
same neural processes as an other-oriented respbosexample, the identification of pain,
distress, or emotions experienced by another isggsed by the same areas of the brain that
identify pain, distress, and emotions in the deiéénberger & Lieberman, 2004; Eisenberger,
Lieberman, & Kipling, 2003). The insula, a hewstlicture that is closely tied to emotional and

empathic responding, has also been found to beasthated during imagination of (i.e.,
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perspective taking) and imitation of another’'s eor (Singer & Lamm, 2009). This suggests
that emotional empathy, or imitating and understamthe emotions of others, utilizes the same
areas of the brain as understanding emotions dfdti¢Bernhardt & Singer, 2012; Carr,
lacoboni, Dubeau, Mazziotta, & Lenzi, 2003; Shift@t al., 2009) and provides further evidence
for the genesis of empathy-related behaviors exjst imitation and EC in infancy. Thus, even
neurologically, perspective taking is influencedtbg occurrence of one’s own similar feelings

and the belief that the other is “like-me.”

This neurological form of perspective taking casoabe seen through the mirror neuron
system (MNS), a system fundamentally linked witrogon-related activity (Shirtcliff et al.,
2009). Mirror neurons can be activated by selfgrered actions, the observation of another’s
performance of actions (Gallese, Fadiga, Fogas&iz&olatti, 1996), and the implied action of
another (lacoboni et al., 2005; Pineda et al., 2008e MNS is thought to have a significant role
in one’s ability to represent another’s action &l &s another’s intentions and emotions
(Oberman, Ramachandran, & Pineda, 2008). Thiesykas contributed to the development of
social skills such as imitation, theory of mind @ardpathy (Gallese, 2001) and is sensitive to the

degree to which the other person is perceivedragida, or “like-me” (Oberman et al., 2008).

Though the MNS has not yet been observed in infémtgractical and cost reasons, one
way that mirror neurons can be examined in oldéden and adults is through the suppression
of mu rhythms (brain wave frequencies of 8-13 h#rét are thought to reflect mirror neuron
activity; Oberman et al., 2008) in the brain. c8ger abilities to suppress the mu rhythm are
indicative of higher levels of imitation and empatind can be conditioned in children in order to
increase their abilities to imitate others (Pinetal., 2008). Improvements in imitation and
information processing skills in children with Asia (Pineda et al., 2008) and Attention Deficit
Hyperactivity Disorder (ADHD; Strehl et al., 2006ve been seen through mu rhythm

suppression training. Both of these disorders l@en significantly linked to deficits in social
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and communicative abilities such as theory of mimitation, and empathy, suggesting a strong

connection between the mirror neuron system andagp

Furthermore, in addition to the insula and the MM®,neurological foundations of
interpersonal connections, including mother-chitaiding and friendships (Shirtcliff et al.,
2009), involve the limbic system, a neurologicadtsyn involved in a variety of social behaviors,
including empathy and social information procesgMelson, Leibenluft, McClure, & Pine,
2005). Though empathy involves multiple areas iwithe brain, empathy-related processes are
largely represented by the limbic system (Eiserdreegyal., 2003) that sends and receives a wide
variety of information, including the instructiotsrelease cortisol (discussed in detail below;
Gunnar & Quevedo, 2007). As one of the stress boes that can be released as a result of
limbic activation, cortisol is released in ordeh&p the body regulate stress. More detail on

cortisol’s role in both emotional and cognitive pessing will be provided below.

Stress Response Systems

The body’s stress response systems are criticaleeeloping empathy and other
socioemotional responses. In the case of empttbéyyody’s biological response to an
emotionally distressing event helps to initiatecshdvioral response, or prosocial behaviors.
Biological responses to stress involve two mairiesys: the sympathetic nervous system (SNS)
and the hypothalamic-pituitary-adrenal (HPA) axéofdis, Granger, Susman, & Trinkett, 2006).
The activity of the SNS, commonly referred to asblody’s “fight or flight” response, includes
an increase in HR, respiratory rare, and skin cotaohice, among other things (Gordis et al.,
2006). One function of the HPA axis is releasimg $tress-regulating hormone cortisol. These
two systems are commonly used to assess both erabtimusal and attentiveness, especially in
infancy due to the limitations presented when snglguch a young population (e.g., Colombo,

Richman, Shaddy, Greenhoot, & Maikranz, 2001; D&#Sranger, 2009). In infancy,
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physiological markers as a method of assessmeilotingpractical and effective, particularly
when compared to maternal report or other empatgsores, and are considered to be the most
effective measure of emotional arousal (EisenbefpBes, 1990). The present study will

examine specific markers of both of these stregzonrese systems.

Sympathetic Nervous System. Stress and potential threats are the main actwatothe
SNS (Liew et al., 2003), therefore, the SNS candesl to assess stress levels due to physical,
emotional, or social distressing events. The SMgspa major role in the body’s stress reactions
and management, in particular, the body’s “fighflmht” reactions. In infancy, EC responses
are highly influenced by stress, thus measurenfeBCaesponses via the SNS is relevant.
Indicators of activity in the SNS, such as HR, skomductance, and in infants, sucking, are often
used in EC studies due to the arousal responsefteatoccurs (Liew et al., 2003; Zahn-Waxler,

Cole, Welsh, & Fox, 1995). Heart rate measurgmiticular will be used for the present study.

Heart rate. Heart rate (HR) is a well-established measuratehtiveness and arousal in
emotional situations such as an EC paradigm (Lieal.2003; Zahn-Waxler et al., 1995), and is
used often in infant research (e.g., Colombo eR8D1; Reynolds & Richards, 2008). Heart rate
deceleration is associated with attending to andgssing information about the environment
(See Infant Cognitive Processing for more informatiReynolds & Richards, 2008). Outside of
infancy, sympathy, helping, and other prosocialdvédrs tend to accompany HR deceleration
(Eisenberg & Fabes, 1990; Zahn-Waxler et al., 19%%)r example, Zahn-Waxler et al. (1995)
observed that HR deceleration in response to ssttedsors positively predicted increased levels
of empathy and prosocial behaviors in 4 and 5 gits. On the other hand, HR acceleration is
typically associated with higher stress, anxiehd aoping (Reynolds & Richards, 2008; Zahn-
Waxler et al., 1995) and is indicative of high llsvef personal distress and low levels of helping

behaviors (Eisenberg & Fabes, 1990; Field et 8B21 Simner, 1971; Zahn-Waxler et al., 1995).
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In other words, in children, HR deceleration isitadive of empathy development and prosocial

behaviors and is therefore relevant to the study@f

Additionally, higher baseline HR (BS HR) has beesaziated with higher levels of
empathic concern and prosocial behaviors. For plrn 4- and 5-year-old children, Zahn-
Waxler et al. (1995) assessed empathic concerapgial behaviors, avoidance behaviors and
HR among other things. Behavioral responses tio lngbothetical and real situations involving
another’s distress were used to measure empathgraadcial behaviors. It was found that
higher BS HR as well as HR deceleration predictetti mpathic concern and prosocial
behaviors. Conversely, Zahn-Waxler et al. (199&) abserved that lower BS HR was
associated with increased aggressive and avoideetaviors. A meta-analysis showed a clear
association between conduct disorder, antisoclzviers, aggression and a lower BS HR (Ortiz
& Raine, 2004). This is supported by Raine, Veesaphnd Mednick (1997), who found that low
BS HR in 3-year-old children was a predictor of f@ggion at age 11. To summarize, HR
deceleration and higher BS HR levels tend to becative of empathy, prosocial behaviors and
attentiveness to the environment in childhood, wasHR acceleration and low basal levels are

associated with aggression and antisocial behaviors

Hypothalamic-Pituitary-Adrenal (HPA) Axis. The HPA axis is a stress regulation
system in the body that is activated when a stuessent is encountered, particularly social
stressors (Gordis, Granger, Susman, & Trinkett820Mh such events, the HPA axis releases a
regulating hormone, cortisol. While individuals/eaa baseline (BS) level of cortisol, an increase
can be seen after a stressful event. The preseht aimed to measure BS cortisol, but likely
received some interference from the child’s physjalal reactions to the experimental situation
(See Methodology section for more detail). Cottesm be easily measured through saliva and,

along with SNS measures (Liew et al., 2003). Autiin the SNS, as noted above, is closely tied
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to the HPA axis; therefore, synchrony can usuadysben between the two systems (Oosterlaan,

Geurts, Knol, & Sergeant, 2005).

Cortisol and emotion. Stress hormones, such as the adrenal hormoneotontise a
significant influence on activity within the limb&ystem. Cortisol has an important role in
responding to social stressors and regulating arethe brain that facilitate empathic or
prosocial behaviors (Shirtcliff et al., 2009), aslvas emotional learning and memory
(Roozendaal, 2002). Cortisol has been shown te hade-ranging influences on the social
brain, particularly under conditions of social sg€Taylor et al., 2000). It acts as a consequence
of brain activation in areas such as the hippocanfphich facilitates emotion-related functions,
Shirtcliff et al., 2009), the anterior cingulatetex (which aids in connecting our emotions with
our understanding of the emotions of others; Sifiret al., 2009), and the amygdala (which
processes emotions-related expression, learningiomyeand regulation; Kalin, Shelton, &
Davidson, 2007). By utilizing the same brain areaepresent both physical and social distress,
these neural mechanisms involved in empathy propratgocial and empathic behaviors.
Cortisol is activated through each of these medamasi(Shirtcliff et al., 2009). Thus, although
brain imaging is not common in infant research umonetary costs and impracticality, the
cortisol reactions based on these areas of aaivatia much simpler measure of emotional
reactivity, especially in infants. Cortisol meamment can therefore be used as a physiological
measure of emotion and an additional measure ohthpgelated responses in infancy.
Additionally, since it is primarily found in saliyét can be measured using a simple cotton swab

in the mouth.

The literature regarding a direct connection betwamtisol and empathy is limited.
More theoretical support than empirical evidengereided for cortisol’s role in the expression
of prosocial behavior and even less for cortisspiscific role in empathic behaviors, though

some exists. Currently, the only study on theti@tghip of cortisol and empathy examined both
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male and female young adults (Nakayama, Takah®@&dabayashi, Oono, & Radford, 2007).

It was shown that males with higher levels of ethpatiso showed higher levels of cortisol
whereas, for females in this study, the relatign&tdtween cortisol and empathy showed a
negative relationship. Though not specifically sweing empathy, Sethre-Hofstad, Stansbury,
and Rice (2001) observed that mothers who were stovagly attached to their children showed
higher cortisol responses when observing theiddhila stressed state. Furthermore, initiation of
social interactions, social competence, and popylare related to higher cortisol reactivity in

children (Tennes & Kreye, 1985).

Conversely, older children and adolescents witheloBS cortisol levels tend to display
more antisocial and aggressive behaviors, sinoldéing patterns of high and low BS HR
mentioned above. For example, low basal cortsgtls can be seen in children with symptoms
of oppositional-defiant or conduct disorder (Odsian, et al., 2005; Snoek, Van Goozen,
Matthys, Buitelaar, & Van Engeland, 2004), aggnessilisruptive, and violent children
(McBurnett, Lahey, Rathouz, & Loeber, 2000), theghibiting antisocial and callous behaviors
(Loney, Butler, Lima, Counts, & Eckel, 2006; Susm2006), individuals with psychopathic
traits (van Honk, Schutter, Hermans, & Putman, 2083d children with other externalizing
behavior problems (Shirtcliff, Granger, Booth, &dson, 2005; Smider et al., 2002).
Additionally, low basal cortisol levels found in@dscents were predictive of callousness in
young adulthood (Burke, Loeber, & Lahey, 2007)nafiy, poor social skills in female
adolescents and adults (Adam, 2006; Booth, Gra&g8hirtcliff, 2008) were related to lower
trait, or BS, levels of cortisol, demonstratingameection between socio-emotional functioning

and cortisol levels.

Though low basal and reactive levels of cortisntteo be associated with aggressive and
antisocial behaviors, high basal and reactive sartian also be detrimental. Elevated BS

cortisol can contribute to many physical problemadults (Wrosch, Miller, Lupien, &
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Pruessner, 2008). In particular, high basal adrissassociated with problems in the immune,
metabolic, and central nervous systems (Heim, El8erdellhammer, 2000) Therefore, optimal

levels are in the moderate range for both basaldesf cortisol and responsive measures.

Although these findings are not directly relate@opathy, they suggest that an optimal
level of social and emotional arousal, includingde@tely high levels of basal cortisol, may
facilitate empathic and prosocial behavior (Eisegh2007; Eisenberg et al., 1994). Due to its
ease of use and numerous physiological connediiotie emotional system, cortisol levels may

prove to be a good indicator of emotional dist(gss, empathy) in infancy.

The development of the physiological stress sysseimought to be influenced by both
genetics and early environmental experiences. Jénie x environment interaction can be seen
in trait cortisol levels. Trait cortisol has besitown through twin studies and genetic models to
be moderately heritable (Bartels, de Geus, Kirsashhh&Sluyter, & Boomsma, 2003; Van Hulle,
Shirtcliff, Lemery-Chalfant, & Goldsmith, 2012). uBgenetics is not predestined; in fact, the
environment has a strong influence on gene exprgasiterms of which genes are expressed or
not, and the timing of when the gene is expres3diis gene x environment theory of
development applies to the stress response sysemSarr & McCartney, 1983 for a review on
gene x environment interactions). Briefly, Scard &#cCartney (1983) suggest that the gene x
environment interaction is a complex system in Wwigene expression can be influenced by
environmental interactions and genetics can alfoeince the environment that is experienced.
This interaction between genes and environmenbeaeen in parent-child synchrony of trait
cortisol. In other words, the basal, or traittgats of cortisol in the parents are likely to be
similar to basal, or trait, patterns of cortisotlireir children because of genetics (Papp, Peidry,
Adam, 2009; Williams, Cash, Daup, Geronimi, Seph&hiVoodruff-Borden, 2013). However,
the parent-child environment is also highly infltiehin the child’s stress response system. For

example, mothers with anxiety disorders demonstratat cortisol synchrony with their children
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(Williams, Cash, Daup, Geronimi, Sephton, & Woodibrden, 2013), and this synchrony was
strengthened by the amount of time the dyads gpgather (Papp, Pendry, & Adam, 2009).
This strengthening would be especially evidentrirearly infant sample, as the majority of an
infant’s life in the first year is often spent witihe mother. While anxiety disorders are heritable
the environment of a child with a highly anxiousther would also influence the child’s

development and the expression of physiologicakstsystems, such as cortisol.

Other factors could influence the early developnudithe stress response system
including the child’s attunement to the motheraeliment styles, and early experiences of stress.
For example, several studies have demonstrateihfhats with secure attachment styles are
better able to regulate their physiological stresponses, whereas infants with insecure, anxious
or disorganized attachments showed greater dystegulof the stress response system (Gunnar
& Cheatham 2003; Gunnar & Quevedo 200&ditionally, chronic exposure to moderate or
extreme stressors can result in a permanentlyasexephysiological stress response (Weik &
Deinzer, 2010). For example, individuals havingexienced extreme and/or chronic stressors
demonstrate a lower BS cortisol. A recent metdyarsaon the effects of stress on cortisol
concluded that chronic stress could actually raaudown regulation of the HPA axis, including
BS cortisol levels (Miller et al., 2007). With dewstress, the HPA axis is activated and cortsol i
increased as the body’s biobehavioral response twtside threat. When the threat is gone, the
HPA axis sends negative feedback to regulate obtisck down to normal levels. With chronic
stress however, the threat and the stress do minidh. This chronic stress then leads to a
dysregulation of cortisol as the body’s attemptdpe with prolonged stress (Hek et al., 2013).
For example, chronic stress in adults, and traumpaiticular (e.g., combat or domestic
violence), is associated with reduced cortisol leye.g., Seedat, Stein, Kennedy, & Hauger,
2003; Yehuda et al., 1995; Yehuda, Teicher, Trestribavengood, & Siever, 1996). This

dampening of cortisol may be due to withdrawinglisengaging from the chronic stress as a
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coping mechanism for the stress and is often sé@mwhronic stressors are out of the
individual’s control (e.g., Mason et al., 2001)ndkher similar explanation for this is that
individuals “toughen” themselves after an encountith a stressor in order to prepare
themselves for later stress (Miller et al., 2007his supports the importance of environment on
the development of the stress response systemlinliga For example, a mother that is overly
stressed is likely to also be somewhat disengagaa fier child. Infancy is a crucial period for
development of HPA axis regulation system and exymo® chronic stress in infancy, such as a
disengaged parent, could lead to the down regulatieghe HPA axis and potentially a

dysregulated and altered pattern into adulthood étial., 1997; Miller et al., 2007).

Self-regulation. The release of cortisol follows a different pattdapending on the type
of stressor that it is responding to. For exampléaily or mild stressor initiates the release of
cortisol, which then follows a negative feedbadkiliition loop. This negative feedback
communicates with the HPA axis, telling it when #iation is no longer a threat. The HPA
axis is then deactivated and the system is braogtk to normal levels (Weik & Deinzer, 2010).
On the other hand, when the HPA axis is responitiraglong-term or extreme stressor, the
negative feedback loop becomes disinhibited andtHf axis remains activated in order to
continue responding to the stressor (Miller, CiZhou, 2007). As mentioned above, chronic
stress can also highly influence the regulatiothefHPA axis, causing permanent dysregulation

(Weik & Deinzer, 2010).

This regulatory process plays an important roldhaindividual differences of emotional
and physiological response to stress. The altdigelf-regulate can determine one’s level of
reaction to stress and there is variability witinidividual responses. For example, Individual A
may become overwhelmed by the feelings of anothenspnal distress), when Individual B may
have little or no reaction at all (indicative oftigocial behaviors). Note that this reaction is

different than what is found in Autism Spectrum@ders in which the issue is perspective
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taking and an awareness of the other's emotioats stather than an issue with the emotional

responding.

Cortisol and cognition. Not only is cortisol a major factor in arousal daeemotional
situations as mentioned above, but it is also @&smtwith learning, memory (Oosterlaan et al.,
2005), attention (Stadler et al., 2011) and exgetftinctioning (Cutuli, 2012; Ursache et al.,
2013). The stress response systems’ purpose @pdhe organism avoid harmful and
threatening situations. It is involved in conditéal or learned emotional responses to threat and,
cortisol in particular, helps to activate the anmgigdthe brain area primarily devoted to the long-
term storage of emotional memories (Oosterlaah,2@05). This connection between cortisol
and memory may also play a role in the antisocidl @gygressive behaviors associated with low
cortisol, as mentioned above. Reduced activitjénstress response system may lead to poor
memory of and inappropriate learned responsesdative stimuli, thus the antisocial and

aggressive behaviors are developed and maintaiséehbid (Oosterlaan et al., 2005).

Low levels of BS cortisol tend to be more prevaierttyperactive children and those
with ADHD. This may indicate a dysregulation oétHPA-axis, with low levels related to
under-arousal of the stress response system. tamdesal in general is thought to be a common
denominator underlying many of the symptoms of ADfHbadler et al., 2011). Additionally, BS
levels of cortisol have been negatively relatedxecutive functioning in a high-risk population
of school-aged children (Cutuli, 2012). Cutuli {2) suggested that this implies an inverted-U
relationship between cortisol and cognition. Téxels of reactivity in relation to performance on
both cognitive and emotional tasks (e.g., executimetioning, empathy, and prosocial
behaviors) follow this inverted-U pattern (Ursa&hel., 2013). In other words, when emotional
arousal (including cortisol and HR level) is in aderate range, self-regulation, control
behaviors, and executive functioning are at tha@sthoptimal levels and are facilitated by

arousal. On the other hand, when arousal is erlgehigh or extremely low, these abilities are
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reduced (Eisenberg et al., 1994; Ursache et d320Therefore, for the current study, three

groups potential of emotional responders will bareined.

The relationships between emotional arousal, cvgnitevelopment, and the stress
response system lead to a conclusion to use SNERAdXxis markers to assess early empathy
development and EC. The use of stress respondermas well documented as effective
measures of emotional arousal and the body’s watti social stress. Heart rate measures are
more common in the infant literature, thus the afsgalivary cortisol in addition to HR to assess

EC, could provide a new insight into the measurd@groéempathy development in infancy.

Thus far in this literature review, emotional resgimg, empathy, and related behaviors
have been the main topic of discussion. Cognitarables such as executive functioning and
memory have been briefly considered, however,ritegration of cognitions and emotions goes
much more in depth. The following section will eteiate on many of the connections between
cognition and emotion, and in particular, the ctigaiunderpinnings of empathy and empathy

development.

Cognition and Emotion

Cognitive and emotional development have been sitely investigated at many
developmental stages, and there is a wealth ofrivdfion connecting the two. As noted above,
empathy is thought to involve different cognitim€tions, including, but not limited to
perspective taking and self/other distinction. Sd)ecombined with the appropriate emotions and
adequate nurturing, help to generate socially dabép prosocial responses to situations and to
create insights into the thoughts and feelingstioéis (Farrant, Devine, Maybery, & Fletcher,
2012). Although these processes have been estdblis older children, adolescents, and adults,
the knowledge is sparse regarding the cognitioatstthderlie empathy in infancy. The present

study aims to address this gap.
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As discussed above, empathy utilizes the cognftieeesses of both perspective taking
skills and theory of mind; however, they do nofpstizere. In fact, in older children and adults
there are numerous other cognitive skills involv&kcent studies have revealed that cognitive
operations such as effortful control (Valiente let2004), response inhibition (Hansen, 2011),
attention (Braaten & Rosén, 2000), and informapiozcessing (Phelps, 1994) all influence
emotional and empathic responding, highlightinglitie between empathy and cognition in

older children and adults.

Regulatory behaviors are a vital compongingémpathy. As briefly mentioned above, the
ability to regulate, or control, one’s emotionahectons, allows the individual to adequately
attend to the situation at hand (Eisenberg ei1884). Additionally, regulatory behaviors
become essential to the discussion on the physiabsgtress as well as the integration of

cognition and emotion.

Many studies have associated different types ofroband regulatory behaviors with an
individual’s ability to empathize and sympathizéhwithers (Eisenberg et al., 1994; Eisenberg et
al., 1996; Guthrie et al., 1997). For example,tfiRart, Ahadi, & Hershey, 1994) found a
positive relationship between mothers’ reportsftdrdul control (the ability to inhibit a
dominant response and perform a subdominant respbesryberry & Rothbart, 1997; Rothbart
et al., 1994) and empathy in their 7-year-old akild Likewise, Eisenberg and Fabes (1992)
found that emotion regulation (the ability to cahinternal emotional states and processes;
Eisenberg, Fabes, et al., 1998) , a constructairaleffortful control, is related to empathic
responses in children. In particular, based oergaand teacher reports, regulation shares a
positive relationship with sympathy (Eisenbergletl®96; Eisenberg, Wentzel, et al., 1998) and
is predictive of low levels of personal distreggtan childhood (Ungerer et al., 1990). In other
words, children who were able to efficiently redaltheir emotions reported fewer feelings of

personal distress, were more sensitive to othemstiens, and demonstrated more empathic,
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prosocial and sympathetic responses than thosaldsso emotionally regulate. Thus, for
individuals with the ability to regulate and contiteeir emotional stimulation, it is likely their
actions will be less self-focused and instead, hlagecomponents necessary for empathic and

prosocial responses.

Conversely, there is evidence that toddlers wiginér behavioral inhibition (the ability
to suppress impulses and resist inappropriate gative behaviors; Kochanska, Murray, & Coy,
1997) also demonstrate higher levels of empathygklia, 2011). For example, high levels of
inhibition are positively related to sympathetispending, demonstrating that those with high
inhibitory control are more able to maintain animgt distance from the emotionally stirring
situation and inhibit a self-serving response (Eigeg et al., 1994). This is an important

regulatory behavior that is necessary to producenagpathic response (Hansen, 2011).

Attentional control (e.g., the ability to focus asttift attention; Derryberry & Rothbart,
1988) has also been identified as another empathyed construct. Like the other cognitive
constructs reviewed above, it has been linked leithlevels of personal distress and high levels
of sympathy (measured through HR deceleration celacation respectively in response to
empathy-inducing films; Guthrie et al., 1997). Mover, Braaten and Rosén (2000) examined
differences in empathy and emotion regulation ifbdgs (mean age of 8 years) with and without
ADHD. Those with ADHD typically experienced issuegarding the self-regulation of affect
and inhibitory control. These include a reduceprapiation of another’s feelings (i.e., decreased
empathy), increased emotional responsivity, anilitvato anticipate emotional reactions, a
decreased ability to regulate emotions (Barkle@7)9and diminished perspective taking skills,
what Barkley (1994) states is likely due to defidit the prefrontal cortex functioning.
Measuring the behavioral and emotional responsemfathy-inducing anecdotes, Braaten and
Rosén (2000) found that boys with ADHD were moregaomally reactive, less empathic, less

able to match another’s emotion, and less ablak® the affective perspective of the character in
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the story when negative emotions were involved thase without the disorder. Additionally,
when shown an empathy-inducing film, EisenbergeSabt al. (1995) observed that children’s
(aged four to six years) teacher-reported atteatigulation was positively related to facial
expressions of concern. Finally, Schwenck et2dl1{) found that children (mean age of 12)
with ADHD and conduct disorder had stronger dediait perspective taking and empathy than
those without either disorder. This research ssigghat the mechanisms necessary for
attentional control are also necessary for—oradtlaighly related to—empathic responding.
This is supported in part by the connection betw&BHRD and inhibition—a beneficial process

in generating an empathic response.

Finally, empathy is enhanced by cognitive functisash as memory and information
processing, though the literature is somewhat sparthis area. Eisenberg, Wentzel, et al.
(1998) suggest that an empathic, sympathetic, sopal distress response can be evoked in
children and adults by retrieving from memory thiormation that may be relevant to assessing
another’'s emotional state. For example, one cprreance empathy by remembering a personal
experience of what it feels like to be sociallyertgd, and thus feel empathy toward another in a
similar situation (similar to the “like me” concepaitlined by Meltzoff (2011) and described in
more detail above). Phelps (1994) suggesteddhaldvels of empathy relate to deficits in social
information processing (decision making abilitiegarding interpersonal behaviors; Kupersmidt,
Stelter, & Dodge, 2011). She observed that matéeadents low in both cognitive (perspective
taking) and affective (empathic concern) empathyilgted deficits in information processing.
Moreover, self-reported empathy scores were relatsdcial/emotional information and
language processing. Similarly, Fitzgerald andekgth995) reported that prosocial children felt
more unsure of their judgments of others’ intehtsmtaggressive children. This suggests a higher
sensitivity toward and a higher awareness of amat@uation (perspective taking). These

findings demonstrate that individuals with higherpathy levels are able to integrate contextual
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and social information more rapidly, carefully, aaturately than others. Altogether, these
studies indicate a connection between cognitiars fegulation, attention, memory, and

information processing) and emotions (i.e., empathy

Many of the studies reviewed above involving atieteship between cognition and
emotion are limited to a population that has matutevelopmentally beyond infancy. Although
the capacity for self-regulation, control, and ethgalevelops rapidly throughout early
childhood, during infancy these processes arediiat best. Regardless of these measurement
restrictions, precursors to empathy such as iroitaéind EC can be used. Additionally, attention,
information processing and memory can be measuargdancy via visual habituation and
novelty preference methods through the use of plogical and behavioral markers (HR and
looking time; see Infant Cognitive Processing befowmore information). Because these
markers can be measured early in life, connectiansbe made between cognitions and emotions
as early as infancy. The current literature igspahowever, regarding the cognitive
underpinnings of empathy in such a young popula#t@na result, the present study aims to

address this issue.

Infant Cognitive Processing

Visual Information Processing

Similar measurement issues, such as the inabflitiyeoinfant to verbally communicate,
arise in infant cognitive research as appear inrfamt socioemotional research discussed above.
For example, in adulthood information processingesican be measured through reaction times
and memory recall (e.g., Luciano et al., 2001)jnfancy, however, the lack of verbal and motor
skills constricts measurement options and challenggearchers to find alternative ways to
examine these processes. Visual information peeg¢VIP) has been used in the infant

literature for decades and has been valuable bligtieg later cognitive and intellectual
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functioning, such as encoding, storage, and retfievolder children and adults (Courage,
Reynolds, & Richards, 2006). VIP is typically assed through infant habituation to a stimulus
and novelty preference (see below for detail) ardsured through infant looking (both look
duration and number of looks to a stimulus). fanty, shorter look durations and fewer looks
are indicative of faster, more efficient informatiprocessing as well as a more mature forms of
attention (Colombo, Shaddy, Richman, Maikranz, &dal, 2004; Courage et al., 2006). Shorter
and fewer looks also correlate with higher perfarogaon cognitive measures later in childhood
(Courage et al., 2006) including language outcof@etombo, 1993). Longer looks are thought
to indicate that infants need more time to “famiti@” with (i.e., encode) the stimulus to show
recognition, as look duration has been negativetyetated with recognition performance

(Colombo, Mitchell, & Horowitz, 1988; Colombo et,a001).

For the first 6 to 9 months of life, look duraticlend to decrease over time as the child
habituates faster to the new stimulus. This dedlicates an improvement in processing
efficiency (Colombo et al., 2001; Colombo, Shadetyal., 2004; Courage et al., 2006). After this
age, look durations tend to plateau and even iserskightly, implying an increase in
endogenous, or voluntary, controlled attentiorhasé older ages, potentially due to more
developed frontal cortices. After 6-9 months, itifant begins to demonstrate stronger cognitive
skills and increased resistance to distractiontaadlevelopment of endogenous attention
(Colombo, Shaddy, et al., 2004; Courage et al.620Colombo and Mitchell (1990) suggest that
this habituation paradigm and these look duratameshe strongest indicators of developmental

attentional abilities and individual differencesciognitive development.

Novelty preference. Novelty preference (NP) s measure used in infancy for
recognition memory and encoding; typically it imradly follows the VIP habituation
procedure (Colombo, et al., 2001). NP consises dvel stimulus appearing simultaneously

with the habituated VIP stimulus and is also meedginy duration and number of looks to the
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novel stimulus. Higher NP (longer looks to the @lostimulus, as opposed to the previously
habituated stimulus) is indicated by a novelty @rdtof greater than or equal to .55. Infants
who looked at the stimulus for more than 55% oftBdotal seconds of the trial (a standard time
frame for this measure; Colombo, et al., 2001) weeresidered to have recognized the familiar
stimulus (from the VIP trial), whereas those loakat the novel stimulus less than 55% of the
trial were not (Colombo, et al., 2001). Greatett 6% indicates that the initial information was
encoded and stored in the infant's memory andseaated with better cognitive performance,
including higher language production in toddlerh¢@dlombo, Shaddy, et al., 2004). This
dichotomous variable was used in the present sitsdypposed to a continuous one based on
previous work done by Colombo and others (e.g. @bm2001, Fagan, et al 1986) in which this

value was representative of the average performainte infants.

Heart rate-derived attention. The relationship between information processing and
attention can be measured through HR during loogamgdigms such as those used for VIP (e.qg,
Reynolds & Richards, 2008). Looks toward the slimican be separated into three distinct
phases of attention defined by the pattern of HiR€keration/deceleration) that typically occurs
during visual fixation, a period of time in whidhetinfant is looking at the stimulus for more than
two consecutive seconds and does not look awaydoe than one second at a time. These HR-
defined phases of attention include orienting (GiRjtained attention (SA), and attention
termination (AT; Richards, 2003); all are measureldeats-per-minute (BPM). OR is defined by
a period of time in which the infant is lookingthé stimulus but not yet encoding the
information and is indicated by a higher-than-baseHR. OR is thought to indicate an initial
engagement with the stimulus and a latency to berg@oding the information (Colombo et al.,
2010; Colombo, Shaddy, et al., 2004). SA is indiddby HR deceleration below baseline and
implies optimal information processing. Infantsrastrate better recognition of information

encoded during SA (Colombo, Shaddy, et al., 20Gehdds, 2003) and are more resistant to
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distraction (Lansink, Mintz, & Richards, 2000).nkily, AT is indicated by a final increase in
BPM above baseline following SA. AT occurs white infant is still visually fixated to the
stimulus, however, is not thought to be encodirigrination. This is typically seen as
disengagement (Colombo et al., 2001). Looking titnes not directly reflect attention, therefore
the percentage of time spent in these three phieeesised to estimate the infants’ attention to

the stimulus (Courage et al., 2006).

Over the course of the first year of life, the gartage of time spent in each of these
phases changes due to developments in attentibititiea. For example, Colombo, Shaddy, et
al. (2004) describe the developmental tract of gretage of time spent in SA as decreasing from
the middle to the end of the first year of life ahdt this decrease is likely due to improvements
in the efficiency of information encoding. Duritigs same time frame, the percentage of time
spent in OR tends to increase and the percentam spAT decreases. The increase in OR is
likely a result of the decrease in SA, howeverdaerease in AT is thought to reflect a growth in
the infants’ ability to inhibit looking or voluntdy disengage attention after encoding. In sum,
the expected pattern of attentional phases ovdirtgrear of life are an increase in percentages
of OR, and decreasing percentages of SA and ATofGlob, Kannass, et al., 2004; Colombo,

Shaddy, et al., 2004).

Present Study

To briefly summarize; empathy is an important fagtcsocioemotional development,
due to its behavioral outcomes such as prosocie\iers (Eisenberg & Miller, 1987). It can be
most holistically defined in both cognitive and dimpal terms and is thought to incorporate
three major aspects: affect sharing, perspectkiagaand self-other awareness, or theory of
mind (Feshbach, 1978). The study of empathy, heweés lacking in early ages, such as infancy.

This is due in part to the difficulties in studyiegch a young population with underdeveloped
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physical, cognitive, and emotional systems. Thd#farent construct, perhaps a precursor to
empathy, can be examined in infancy. Imitatiothesmost basic form of empathy (Meltzoff,
2011; Sagi & Hoffman, 1976) and can be observedfants as young as only a few hours old
(Martin & Clark, 1982). Emotional contagion isath of affect imitation or sharing and is
thought to be a building block in the process ofrfimg mature empathy (Geangu et al., 2010).
Although not beneficial in adulthood, EC in infanisypredictive of later empathic responding

(Ungerer et al., 1990).

Empathy requires not only emotional reactions,dogiitive processes as well
(Feshbach, 1978). These cognitions include coctstauch as perspective taking, theory of
mind, effortful control, information processing, mery, and attention (e.g., Braaten & Rosén,
2000; Eisenberg & Fabes, 1992; Eisenberg et é4;1Risenberg et al., 1996; Guthrie et al.,
1997; Rothbart et al., 1994). For example, latarhildhood, individual differences in attentional
control correlate with empathic responding, persped¢aking and self-regulation of emotions

(e.g., Braaten & Rosén, 2000).

Though these cognitive-emotional connections caohiserved easily in childhood and
beyond, they are more difficult to assess in infaifdhey indeed exist. Measures of the SNS
and other physiological processes can act as nsafteeboth emotional and cognitive abilities in
infancy. Heart rate can be measured to assessiati@ abilities, information processing, and
emotional arousal (Colombo et al., 2001). Lookinge can assess information processing speed
and memory (Colombo, Shaddy, et al., 2004). Addidlly, salivary cortisol measures the HPA
axis functioning and emotional reactivity to a st@r (Davis & Granger, 2009; Ortiz & Raine,
2004). The present study aimed to assess ECandwpfthrough behavioral and physiological

measures and to explore the potential connectietvgden cognitions and emotions in infancy.
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Because empathy has such a positive impact onl satgieactions, it is important to
understand the processes that underlie it. I¥énmbles involved in the development of empathy
are understood, perhaps interventions can be maagyaearly stages in its development. Most
researchers would agree that empathic responduadyvigs cognitive, emotional and
physiological components. In infancy, empathyifSatit to detect, therefore, the study of each
of these aspects might help reveal the roots ofatimypresent in early life. There has been little
emphasis on the integration of cognition and enmaticthe processes that contribute to empathy
in such a young population, thus this connectioimfiancy should be examined in order to
potentially discover, even influence, predictivei@bles of later empathic responding.
Furthermore, though it is generally agreed thasphggical factors are closely integrated with

emotion, empathy in infancy has rarely been exadhindight of physiology.

The purpose of this study was to make this conoedty identifying cognitive markers
in infancy that can be linked to early empathy digmment. This study aimed to address the
limited literature in this area by increasing ondarstanding of the processes that underlie
empathic responding in infants. This was doneufihameasuring behavioral (EC) responses to
distress, physiological states (BS cortisol, BS HIRJ HR reactivity due to stress), as well as the
infants’ visual habituation and NPs (indicativeidbrmation processing speed and attention) at

three different time points within the first yedrlife.

It was hypothesized that emotional and cognitivéaldes would relate in each
individual at each time point (i.e., 3, 6, and 9is). More specifically, percentages of time
spent in the HR-defined phases of attention, laaiation to a stimulus, and NP (attention,
memory, and information processing measures) waléde to duration and intensity of distress,
latency to first distress response, BS cortisatlevBS HR and HR change from pre- to during-

distress simulation task at each age (3, 6, andrahm).
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The direction of the expected relationship is uacla this young of a population. In
older children and adults, it is clear that incezbkevels of attention and other cognitive measures
are indicative of higher emotional arousal (as enikd by increased personal distress, HR, and
cortisol). As mentioned above, personal distresginotional contagion) in childhood and
adulthood indicates poor regulatory behavior. Adddlly, less arousal positively predicts
helping behaviors. This indicates that the indirildis aroused enough to attend to the situation
but not over aroused (e.g., Braaten & Rosén, 20Db0nfancy, however, this behavior is seen as
a precursor to empathy since regulatory systemaatrget available for infants. Because this
relationship has not yet been examined in a papulab young, the direction of the relationship
is unclear. If the assumption remains that EQifaricy leads to later empathic responding in
childhood and adulthood as suggested above, themipected that moderate to high emotional
arousal in infancy would correlate with positivegodive outcomes such as information
processing and attention (due to the lack of emategulation skills at this early age). More
specifically, positive cognitive outcomes (increcsiene spent in the HR-defined phase of
sustained attention, high levels of NP, decreasekl dluration and smaller number of looks)
would correlate with high emotional arousal (hight increase, higher BS cortisol, increased

intensity and duration of distress, and a shodimicy to distress).

However, it should also be noted that it is possthat three groups of emotional
responders could emerge: over-responders, modasgenders, and under-responders. It is
believed that the mid-range responsive group etehibe optimal level of benefits as evidenced
by the problems associated with dysregulation (&igenberg et al., 1994; Ungerer et al., 1990).
Additionally, this pattern is seen in both the bebeal emotional literature as noted above
regarding emotion regulation and control (Eisenlstrgl., 1994) as well as the physiological
literature regarding stress response regulatiaarins of cortisol and HR (e.g., Shirtcliff et al.,

2009; Zahn-Waxler et al., 1995).
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It was additionally hypothesized that each of thgables mentioned above, both
cognitive and emotional (i.e., distress latenctensity, and duration, BS cortisol, BS HR, and
difference in HR, as well as HR-defined attentioovelty preference, and looking time), would
display continuity across time points and relateaoh other over time. For example, it was
expected that the intensity of distress would rencansistent or on a similar trajectory for each
child from 3 to 6 months and also from 6 to 9 mardhd remain in the same group of responders

over time (over/moderate/under).

Slightly conflicting evidence exists on the eargvdlopmental trajectory of emotional
responding. Due to the ever-increasing cognittbasare developing within the first few years
of life, the number of variables impacting the depenent of emotional responding continues to
increase. For example, (Kagan, Snidman, & Arc888) demonstrate that from 4 months to 5
years of age, children show discontinuity and aecih negative emotional responding. This is
likely due, in part, to the gradual increase inutatpry behaviors across development. Ursache et
al. (2013) observed regulatory behaviors of negagimotions to emerge only after 15 months of
age. In particular, levels of reactivity remairgachilar from 7 to 24 months of age; however,
regulatory behaviors were not observed until 15tmoand then doubled between 15 and 24
months. For the current study, it was expectetirdeativity would remain consistent between 3

and 9 months of age, given the instability of ratppidy behaviors at these ages.

Ultimately, this study aims to present a clearetyse of the integration of cognition and
emotion in infancy, emphasizes the potential impla&t information processing speed and
attention have on empathy development, addresseasaghin current infant literature regarding
underlying cognitive processes involved in empasmg provides additional support for early

interventions in empathy development.
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CHAPTER IlI

METHODOLOGY

Participants

As a part of a larger study assessing maternaltioatand cognitive and emotional
development in infancy, 37 mother-infant dyads wasgessed at Oklahoma State University’s
Developmental and Psychophysiology Laboratory ietlseparate time points: when the infants
were 3, 6, and 9 months of age (+/- 2 weeks).imidints (14 males, 23 females) were full-term,
had non-complicated deliveries, were primarily Btésad at the time of the 3-month appointment

and weighed between 3 kg and 4 kg at the timerti tM = 3.46).

Mothers ranged in age from 19 to 37 yedis<(28.3 years). Thirty-two mothers were
Caucasian (86.5%). Thirty-four mothers were mdr(i#1.9%). The number of children per
family ranged from 1 to 9y = 1.58). Mothers were generally highly educateith 94.6% 6 =
35) having at least some college education and64fthose 1 = 24) having a post graduate
degree or above. Forty percent of mothars {5) reported a yearly household income of over
$60,000, 27%r( = 10) reported $40,000-60,000, 31.6%(8) of mothers reported within the
range of $15,000-40,000 and 8% 3) reported income below $15,000 (1 mother did n
provide income information). At the time of ther®nth appointment, 15 of the mothers (40.5%)
were unemployed, 5 (13.5%) were working part-tifr®(43.2%) were working full-time, and

one other did not report employment data.
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Flyers describing the study were posted on theausity campus, as well as in childcare
and healthcare facilities, libraries, infant cloipiretailers, and other infant and maternal service
organizations throughout the greater area. Addillgna press release was issued,
advertisements were posted in the local newspapédrletters were sent to organizations with
potential interest in the goals of the study. Moshwere compensated monetarily for all three
appointments to help cover the costs of travel @®4@he 3-month appointment, and $25 for the
following two appointments). All participants addta were treated in accordance with the

university’s Institutional Review Board.

Maternal Materials and M easur es

The present study was part of a larger one meaguadgnitive development, nutrition,
and multiple parenting variables. These materresdsures were assessed as confounding
variables to the cognitive measures and as potewtititional contributors to the infant’s
emotional responding. Except for the PANAS and mmatienterference (see below) that were
administered at all three appointments, each maltereasure was assessed at the 3-month

appointment only.

Demographic questionnaire. A demographic questionnaire was administered at the
initial 3-month appointment in order to gather gaherformation about the mothers, infants and
other immediate family members. Gathered inforamathcluded gender, ages, infant birth
weight, pregnancy history, maternal income levalarital status, number of children per family,

and maternal education level.

Mater nal interference. Previous research has shown that maternal resgoesis
affects empathy development. Therefore, mategsdonsiveness and interference were assessed

during the emotional responsiveness segment osthdy at all three appointments. It was
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scored on a scale of 0 (no interference or comtéhtthe infant) to 3 (generally disrupting or

ending the session).

Adult and Adolescent Parenting I ndex version two (AAPI-2). The AAPI-2 (Bavolek
& Keene, 2005) and its five construct scores (Etgt@ns of Children, Empathy Towards
Children’s Needs, Use of Corporal Punishment asand of Discipline, Parent-Child Role
Responsibilities, and Children’s Power and Indepeid) were used to assess parenting risk
levels of maternal attitudes. The scores on ehtiedive constructs are based on known
behaviors of abusive parents and assess the riskltfeatment of childrenHigh scores (8 to
10) on the AAPI-2 indicatlow parenting risk, moderate scores (4 to 7) indicaweerate to

average risk, and low scores (1 to 3) indicate Ipgtenting risk.

Symptom Checklist-90-Revised (SCL-90-R). The SCL-90-R (Derogatis, 1994) was
used to evaluate a broad range of psychologica¢gsand psychopathology symptoms and their
severity. Three (Interpersonal Sensitivity, Depi@ssand Anxiety) of the nine total
(Somatization, Obsessive-Compulsive, Hostility, Itbdnxiety, Paranoid Ideation, and
Psychoticism) constructs from the SCL-90 were dsethe present study. Higher scores indicate

more symptoms for each construct.

Parenting Styles and Dimensions Questionnaire (PSDQ). The PSDQ (Robinson,
Mandleco, Olsen, & Hart, 1995) was used to assaenfing styles that may affect the child’'s
behaviors. Through maternal self-report the PSDElllgithree different parenting styles
(Permissive, Authoritarian, and Authoritative). gHer scores indicate a greater presence of each
parenting style. The Permissive scale include$almwving subscales: lack of follow-through,
ignoring misbehavior, and self-confidence. The Auitlarian scale includes the following
subscales: verbal hostility, corporal punishmeati-reasoning/punitive actions, and

directiveness. Finally, the Authoritative scalelules the following subscales: warmth and
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involvement, reasoning/induction, democratic pgéition, and good natured/easy going

(Winsler et al., 2005).

Parenting Stress Index Short Form (PSI-SF). The PSI-SF (Reitman, Currier, &
Stickle, 2002) was also used in the present stitdg.a shortened version of the original PSI and
contains 36 items, yielding four scores; ParentatrBss, Parent-Child Dysfunctional Interaction,
Difficult Child, and a total stress score. Respanid are asked to answer by indicating their level
of agreement with each item on a 5-point scaleingnigom ‘strongly agree’ to strongly

disagree’.

Positive and Negative Affect Scale (PANAS). The PANAS (Watson, Clark, &
Tellegen, 1988) is a 10-item mood scale that yieddsscores (a positive affect score and a
negative affect score). These scales have beemdiodbe internally consistent and stable over a
period of approximately 2 months. This was theyanaternal measure that was administered at

all three appointments (when the infant was 3n@, &months of age).

Infant Materials and M easur es

Cognitive Measures. At all three ages, heart rate was derived from the
electrocardiogram (EKG) and was recorded throughdigctrodes placed on the infant’s chest
and one placed on the infant’'s abdomen. All EKghais were assessed using Biopac EKG100B
amplifier software and the data were evaluatedgu8itgKnowledge software (Biopac, Santa
Barbara, CA). For all procedures, the infant wesugely placed in a stationary car seat and a 22-

inch computer monitor and hidden video camera \pesitioned directly in front of the infant.

Visual Information Processing. An infant-controlled visual habituation task was
utilized. After a short baseline period, a sirgfitic adult face (with neutral affect) appeared on
the computer monitor. The stimulus remained orstiteen until the infant looked away for
more than 1 second. The stimulus then reappefied?aseconds. The infants were considered
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to have habituated to the stimulus when the duraifeeach of two consecutive looks at the
stimulus equaled half the length of the mean otweelongest looks. The trial would conclude
at this time. Infant looks were video recorded aoded live based on eye movements to and
away from the stimulus. Number of looks toward stimulus as well as duration of looks were

recorded.

Novelty preference. Directly following visual habituation, the computaionitor
displayed a novel, static adult face alongsidditseas a way to assess memory. These two
faces remained on the screen until the infant |dd&evard one or both of the stimuli for 10
seconds at 3 months or 5 seconds at 6 and 9 mofitiesinfant’s looking time toward each of
the faces was recorded. NP is measured by themeage of total looking time toward the novel
stimulus. If this percentage is greater than araktp 55% of the total looking duration, it is
recorded that NP has been achieved. If the totdiithg time during this phase is less than 55%

of the 10 seconds of stimulus presentation, NPfhbabeen achieved (Kennedy et al., 2008).

Heart Rate-Derived Attention. Changes in infant HR were used to measure attention
The infant’s HR was recorded during the habituapbase of the visual information processing
segment. The EKG data were digitized, stored aded for each individual HR-defined phase
of attention within a look toward the stimulus &g a percentage of time that the infant spent
in each of the attentional phases. Orienting (8RJeally the first occurring of the attentional
phases and is indicated by visual fixation and éighan-baseline BPM before a drop below
baseline. Baseline is measured for each infantishablly as the average BPM over a two-
minute period before the stimulus is presentedsteined attention (SA) is indicated by a
decrease in BPM below baseline for at least fivetdband also accompanied by visual fixation.
Finally attention termination (AT) is indicated by increase in BPM above baseline, also during
visual fixation but after a SA period. If the intdooked away from the stimulus for 1 second or

less, it was considered a continuous look and cadesich.
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M easur es of Emotional Responsiveness. In order to elicit an EC response in infants, a
recording of infant cries supplied by Dr. Nancydfiberg (Arizona State University) was used.
The tape consisted of five minutes of a similaréaigéant’s distress cry and was played through
two speakers positioned directly in front of thiaimt. The infants were video recorded during

this time and the videos were coded at a later.time

Behavioral Measures. During the recorded cries, each infant's BS statency to first
distress response, intensity and duration of distreere assessed. The coding system was
derived from the Laboratory Temperament Assessiattery (LAB-TAB; Goldsmith &

Rothbart, 1996) emotion coding procedures. Basedtate was rated on a scale ranging from 1
to 5 (1 = tired/drowsy, 3 = alert/active, 5 = cijn Intensity of distress was rated on a scale
ranging from O to 5 (0 = no facial region showseatle fear/distress movement, 3 = an
appearance change occurs in all three facial regiothere is strong facial distress, 5 = infant is
crying and flailing arms and/or legs or other sgy@notest). Distress coding was segmented into

20-second epochs.

In addition to the video recording, information wgthered regarding the infant’s
general emotional state throughout the appointrfesgt, if the infant was fussy, calm, sleepy,
etc.), if the infant cried in response to the rdearcries, if the mother used any soothing
techniques during the segment and if the infaninegeuncomfortable with being placed in the

car seat.

Heart rate. As a physiological assessment of infant responsieetoecorded cries, infant
HR was measured at all three time-points (3, 6,9ambnths of age). The EKG data were
collected, signals were assessed, and the datawemeally edited for artifact. The average

change in HR of infants was measured from preuting-task.
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Cortisol. At the 6- and 9-month visits only, saliva was acggito assess basal cortisol
levels using a long swab designed for children uBdgears old to chew or suck on. Note that
the current study terms the cortisol used as “basdbaseline”, however, it is likely not true
baseline, or trait, cortisol. The samples in theent study were taken shortly after the arrivial o
the mother and child to the appointment. True lbasdrait, levels are typically sampled shortly
after waking in the mornings and for multiple daays row. There is likely to be some
interference in the current samples of cortisahasinfants were likely reacting to the new
environment and responding to their mother’s reastito the new situation (possibly an anxious
reaction). Thus the “baseline” levels assesselisnstudy are not necessarily true baseline, but

as close to baseline as was logistically possible.

A small drink of water was given to the infant appmately two minutes before
collection to minimize interference from food, beages or breast milk, as those can affect the
measurement of cortisol. When collecting salivagas, experimenters were careful to not
handle the end of the swab that went in the infamiduth, and the end that was touched by the
experimenters was cut off and thrown away. This d@ne in order to minimize any potential
for additional outside contaminants in the samp@#t. samples were collected using kits from

Salimetrics (State College, PA).

Following saliva collection, the samples were prdgngtored at -20C until assayed for
cortisol at Oklahoma State University using equiptrieom Salimetrics (State College, PA).
Inter-assay variation (CV) was computed for the mafaduplicate assays. Values are reported in

units per milliliter (u/mL).

Procedure

The mother-infant dyads visited the Developmental Bsychophysiology Laboratory at

Oklahoma State University when the infant was &rel 9 months of age. The infant was placed
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in a stationary car seat directly facing a 22-inomputer monitor and hidden video camera.
Two HR recording leads were placed onto the infadliest and one on the infant’s abdomen.
For the length of the procedure, the mother rengkinéhe room and the infant was video

recorded.

Shortly upon arrival, salivary cortisol samples ev&aken. The attention, visual
habituation, and NP trials occurred simultaneouskyhich HR and looking time were measured.
Following these segments, the EC data were collecte2-minute baseline period began during
which the baseline emotional state was assessedngXhis time, either the mother or the
experimenter quietly played or talked with the intfeo engage, but not over-arouse, the infant.
Once the trial began, the mother was asked to &tahithd the infant, out of the infant’s line of
sight. Following the initial baseline period, thenminute audio clip was played. The procedure
was aborted if the mother requested it to stomatmint or if the infant cried for 30 consecutive
seconds or more. Both behavioral and HR data ealected during this segment. At a
convenient time during the appointment, the motioenpleted the demographic questionnaire

and other parenting assessments.
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CHAPTER IV

FINDINGS

Descriptive Statistics

Descriptive statistics for all cognitive and emaoil variables are reported in Tables 1
and 2. It should be noted that the EC proceduseakarted for some infants due to the mother’s
requestif = 2 at 9 months) or the experimenter’'s decision ( at 3 monthsy = 3 at 6 months)
= 3 at 9 months) because of excessive fussinasyiog (measured by 30 or more consecutive
seconds of crying). Other missing data for thepa€@digm came from the inability to code the
video recorded data & 7 at 3 monthgy = 3 at 6 months, and= 9 at 9 months). Additionally,
some infants were missing HR data due to eitheem@x@nter errorr(= 7 at 3 months BS1=4
at 3 months during crieg;= 1 at 6 months BS) or excessive artifact fromragyor movementr(
= 2 at 3 months B3y = 2 at 3 months during cries= 1 at 6 months B3)= 5 at 6 months
during cries). Both data points were needed toutatle the HR difference scores; therefore, if
any infant was missing one of the two required gaiats, the HR difference was not calculated
(n= 10 at 3 monthg) = 7 at 6 monthsp = 5 at 9 months). Missing data for cortisol webe ¢o

insufficient amounts of saliva for proper assays @ for 6 monthspn = 11 for 9 months).

HR-derived attention was missing data for excesfigsinessri(= 1 at 3 monthay =1

at 6 months). Visual habituation was missing tatagointsrf = 1 at 3 months for excessive
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crying, andn = 1 at 6 months because the infant would not lddkestimulus). Finally, NP was
missing multiple data points for excessive fussnes 2 at 3 months) = 1 at 6 months),
computer malfunctionn(= 2 at 3 monthsp = 1 at 6 months), and sleeping= 1 at 3 months).
Three infants did not return to their 9-month appmient. Finally, outliers were removed from
all variables if the data point fell outside 3 stard deviations from the meam= 1 for latency to
distress at 3 months,= 2 for latency to distress at 6 months; 2 for latency to distress at 9
months,n = 1 for Diff HR at 6 months) = 1 for BS cortisol at 6 monthe,= 3 for average look
duration at 3 months,= 2 for total look duration at 3 monthss= 1 for average look duration at

6 months, and = 1 for total look duration at 9 months). Dudlie amount of missing data and
the relatively small sample size, cases were deledewise for any analyses involving more than

one variable and thevaries for each analysis conducted.

Hypothesis 1

The first purpose of the present study was to exarow cognitive measures of
attention, information processing, and memory wdaddcorrelated with and/or able to predict
EC as measured by behavioral distress, HR, anisaloriThis relationship was analyzed only

within each age (e.g., 3-month cognitive varialalgainst 3-month emotional variables, etc.).

To test this hypothesis, correlations were comptdexbsess the relationships between
each of the cognitive and emotional variables witttich age group. For hypothesis 1, the total
number of correlations computed was 412, with v@haaging fronr = .003 tor = .941 (though
many of the significant correlations were trivid#lor example, the correlation between %OR and
%SA at 6 months was= .941 and is trivial because the variables apeddent and contribute to
the same total percentage). No significant coticela between cognitive and emotional variables
were found at 3 months. At 6 months, BS cortisaswegatively correlated with %AT £ -

412,p=.021,n=31). At 9 months, latency to first distress wasgelated positively with the
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percentage of time spent in the HR-defined phassteition termination (%AT; = .462,p =

.018,n = 26) and negatively with %SA € -.380,p = .055,n = 26).

Independent samplésests were conducted at alpha levels of .05 tddestifferences
between the two NP groups (5, and < .55; see NovelBreference section in literature review
for more information) and each of the emotionalalales. The effect sizes of many of the
analyses were not large; with only a few exceptialisvere below;® = .40. At 3 months, a
marginally significant difference was found for dtion of distress, with the infants exhibiting a
NP (h =8,M = 119.13 sec) having a shorter average duratiaiistfess than those without a NP
(n=24,M = 178.0 sec); (25) = 1.878p = .072,5* = .124. No other significant differences were

found for NP groups.

Observation Oriented Modeling (Grice, 2011) was alsed to examine the relationships
between the 3, 6, and 9 month cognitive measumshen3, 6, and 9 month emotional measures.
OOM is a novel data analysis technique in whichgiba&l is to identify unique and meaningful
patterns within the observations themselves, rdtieer to estimate abstract population
parameters from sample statistics such as mearianeas, and correlations. Aggregate statistics
are thus avoided and emphasis is instead placedaerstanding all of the individuals in the
study. Moreover, because OOM is similar to norapeetric techniques, very few assumptions
are involved in the analyses, a fact which elimésahe influence of outliers and permits the

exploration of non-linear patterns between measures

OOM analyses are based on units (like values @ala)that must be populated by a
sufficient number of observations in order for pats to be confidently identified. In the present
study, most of the cognitive and emotional variallere trichotomized in order to explore
possible non-linear relationships while sufficigmbpulating each unit of observation. With

trichotomization the ranges of values includedaanleunit of observation differed for each
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variable and each age group; and with 37 totalgipaints, approximately 12 children were
included in each unit. For example, latency taress scores could range from 0 to 500 seconds.
At 3 months the actual scores ranged from O toeé8rsds. Therefore, to have groups as equal
groups as possible, the observed values were gidnfiethree units: 0 seconds for group 1 (12
observations), 1 to 22 seconds for group 2 (8 ebsiens), and 23 to78 seconds for group 3 (8
observations). Two variables were dichotomizediige in look duration and NP) due to the
nature of the variables. Change in look durati@s wivided into an ‘increase’ and a ‘decrease’

group, and NP was split at .55 (discussed above).

Hypothesis 1 states that the cognitive and ematiaréables are related, and the multi-
unit frequency histogram (or multigram) based onticeed data for 3-month latency to distress
and %AT in Figure 1 shows the type of pattern etguec As can be seen, most of the children in
the first (lowest) unit of latency to distress atgo observed in the first (lowest) unit of %AT,
while most of the children in the third (highestjit.of latency to distress are also observed in the
third (highest) unit of %AT. Based on the ovelialkar-like pattern in these contrived
observations, OOM classifies each child’s obseovatiaccordingly and tallies the number
correctly classified. The dark bars in the muligrin Figure 1 indicate the correctly classified
observations, while the hatched bars indicate nectly classified observations. The number of
correctly classified observations is reported asRbrcent Correct Classification (PCC) index and
is accompanied by a probability statistic refet@ds a chance value, ovalue, derived from a
randomization test (see Grice, 2011, p. 57-59) F&C index for the contrived data in Figure 1
is 90% while thes-value is less than .001. High PCC values anddealues thus indicate

robust patterns within the observations.

Multigram, PCC indices, and c-values were examioe@ach pair of the emotional and
cognitive variables for each of the three agegur@ 2 shows the results for those analyses that

yielded PCC indices greater than 50% esvdlues less than .25. As can be seen in paneif2.1
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Figure 2, at 3 months of age the lowest %AT grdupfants could not be differentiated between
groups of BS HR, however, the infants with mid- émd-range BS HR also showed higher
percentages of AT (PCC = 51.9e67 .25). NP was dichotomizedpriori (> .55, and < .55)
resulting in unequal numbers of infants in eachugr@t 3 months, those exhibiting a MiP; 8;
those not exhibiting a N,= 24). However, at 3 months, the majority of thegkibiting a NP
also had a short latency to distress at 3 montBE(® 72.0%¢ = .23). The low NP group

showed no differentiation (see panel 2.2 for thdtignam).

At 6 months of age, infants with higher %AT alsowkd low- to mid-range BS cortisol
levels, and those with high BS cortisol levels dlmded to have a lower %AT (PCC = 51.6%,
=.19; see panel 2.3). Also at 6 months, look tittmachange from 3 to 6 months (increase or
decrease) showed no differentiation except thaintfiaats that increased in look durationH7)
all showed higher levels of intensity of distres$ anonths (PCC = 74.3%,= .07; see panel

2.4).

Finally, at 9 months of age, the majority of infamtith a high %AT also showed a longer
latency to distress, and those with mid-range %K&® ahowed a short latency to distress (PCC =
53.9%,c =.20). The lowest %AT group showed no differenee panel 2.5). Additionally, the
infants with low- to mid-range numbers of look®ahonths also had mid- to high-range
intensity of distress at 9 months. Those with moo&s could not be differentiated with regard

to intensity (PCC = 51.5%,= .18; see panel 2.6).

Changes in the cognitive and emotional variables tme (3, 6, and 9 months) were
also compared in OOM. Panel 3.1 of Figure 3, f@meple, shows a child’s contrived data for
the %AT and Latency variables in which both decedasm 3 to 6 months and then again from 6
to 9 months. The blue line represents the relatisgnitudes for %AT, and the red line

represents the relative magnitudes for LatencyneP&2 shows contrived data for another child
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in which %AT and Latency decrease from 3 to 6 memthd then increase from 6 to 9 months.

In both of these hypothetical examples, the pattefrelative change between the cognitive and
emotional variables match perfectly. Panel 3.3wshdata for a hypothetical child in which the
changes over time for %AT and Latency do not mdttkthe OOM analysis, the individual

pattern for each child is examined, and pairwisé&ches (3 vs. 6, 3 vs. 9, and 6 vs. 9 months) are
tallied for all children and reported as the PC@ex1 A randomization test is also used to

generate a-value.

Each of the cognitive variables (HR-defined phadestention, NP, number of looks,
and average looking time) was compared to eacheoémotional variables (latency to distress,
duration, and intensity of distress, BS cortisgkls, BS HR, and HR change from pre- to during-
task). Of the 42 analyses, five yielded PCC vabfext least 50% ancivalues less than .25. As
seen in panel 4.1 of Figure 4, changes in %AT twex matched changes in latency to distress
(PCC =50.8%¢ = .10), and the majority of individual patterngramstrated a decrease in both
%AT and latency to distress, either from 3 to 6 then6 to 9 months, or 3 to 9 months. Changes
in number of looks also matched latency to distoa®s time (PCC = 50.8%;,=.08), with the
majority again demonstrating a decrease over timimth number of looks and latency to distress
from 3 to 6 months, 6 to 9 months, or 3 to 9 moifses panel 4.2). Changes in average look
duration matched changes in both intensity of esst(PCC = 56.8%,= .02) and latency to
distress (PCC = 52.5%,= .17) with the majority demonstrating a decréasaverage look
duration, latency to distress, and intensity ofrdss over time from either 3 to 6 months, 6 to 9

months, or 3 to 9 months (see panels 4.3 and dpécévely).

Hypothesis 2

The second hypothesis states that each of the @mabtiariables and each of the

cognitive variables will display continuity acragsie points and correlate with each other over
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time. For example, it was expected that the iritygio$ distress will remain consistent or on a

similar trajectory for each child from 3 to 6 mositéind also from 6 to 9 months.

To test this hypothesis, a correlation matrix wasto examine the predictive values
within each variable across time. A total of 18@relations for emotional variables and 94
correlations for cognitive variables were run fgpathesis 2. Values ranged from .005 tor =
.998, though many of the correlations were trigsidiscussed above. The positive correlation
between intensity from 6 to 9 months was signifidarr .342,p = .041,n = 36). The difference
in HR over the EC paradigm showed consistency 8dm9 monthsr(= .449,p=.021,n = 26).
No other significant correlations were found in SHB8r the developmental trajectory of the
emotional variables over time. An OOM analysise@ed consistency between BS HR from 3 to
6 months (PCC = 57.6%,= .07; see panel 5.1 of Figure 5 for multigram)eaing that most of
the infants with mid-range BS HR at 3 remainechim iid-range BS HR at 6, and from 6 to 9
months (PCC = 60.0%,= .02) revealing that most of the infants with lcamd mid-range BS
HR at 6 months remained in those groups at 9 mdstepanel 5.2 of Figure 5 for multigram).

No other consistencies in the emotional variableseviound using OOM.

Paired sampleistests were run in order to examine if any meateiihces in time points
could be seen for each emotional variable. Duratiattistress showed a significant increase from
3 to 6 monthst (29) = -2.630p = .014,,* = .193, and a significant decrease from 6 to 9thmn
t (35) = 2.313p = .027,4° = .133. Difference in HR showed a significantrease from 3to 9
months and from 6 to 9 monthg23) = -2.067p = .050,7% = .157:t (25) = -41.61p < .001,5° =
.986, respectively. Finally, BS HR showed a sigaifit decrease from 3 to 6 months, 6 to 9
months, and 3 to 9 months(25) = 4.76p < .001.4% = .475:t (29) = 3.51p = .001,54° = .298;
andt (23) = 6.85p < .001,5* = .671, respectively. No significant differeneesre found for

cortisol from 6 to 9 months.
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Developmental Changes of Cognitive Variables. Paired sampleistests were run to
examine the developmental changes in HR-definet@hal phases, looking time, and NP from
3 to 9 months A significant increase in %OR from 3 to 9 monthé&2) = -2.725p = .01,4% =
.188; a slight, non-significant decrease in %SAf®to 9 months, (32) = 1.241p = .224,4° =
.046; and a significant decrease in %AT from both 8 monthst (34) = 3.092p = .004,° =

.219; and from 3 to 9 monthis(32) = 2.937p = .006,;° = .212.

A significant decrease in look duration was fourahf both 3 to 6 months(34) =
3.854,p < .001,4° = .317; and from 3 to 9 months(32) = 4.093p < .001,4* = .344; and a non-
significant difference, or plateau, from 6 to 9 et (32) = 1.43p = .162,5° = .060. Finally, a
significant increase in NP was found from 3 to éths,t (30) = -2.834p = .008,;* = .211.

However, NP plateaued from 6 to 9 month@2) = 1.437p = .160,7° = .061.
Additional Findings

Gender Differences. Independent samplésests were run at alpha levels of .05 to test
for differences between genders on both emoti@sdanse measures (latency to distress,
intensity, and duration of distress, HR, and col}ias well as on cognitive measures (HR, NP,
and looking time). Regarding the emotional resparagiables, significant differences were
found between male and female infants on distressisity at 3 months of age, with females=(
19,M = 30.32) exhibiting higher levels of total disgestensity than males & 11,M = 18.09)t
(28) = 2.199p = .036,;° = .147, and BS distress with femalas=(19,M = 2.95) exhibiting
higher BS distress than males<11,M = 2.09),t (22.45) = 3.248p = .004,;* = .320.
Additionally, BS HR at 6 months showed significdifterences with femalesiE 21,M =
144.13) exhibiting higher levels of BS HR than nsafe= 13,M = 134.91)t (32) = 2.07p =
.047,7% = .118. No other significant differences wererfddor emotional response variables and

gender.
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For the cognitive variables, the percentage of ment in the HR-defined phase of
attention orienting (%OR) at 9 months showed sigaift differences with males € 13,M =
.553) spending more time in OR than femates @1,M = .313)t (32) = -2.75p = .01,4° =
.191. Finally, the percentage of time spent inHiRedefined phase of sustained attention (%SA)
at 9 months showed significant gender differencéls fsmales ¢ = 21,M = .584) spending
more time in SA than males € 13,M = .364),t (32) = 2.88p = .007,#* = .206. No other

significant differences were found for cognitivaiehles and gender.

Exploratory Analyses. The present study was part of a larger study asgpssgnitive
development, nutrition, and multiple parenting shles. Exploratory analyses were run to
determine if any parenting variables (parentindesigttitudes, psychological problems, or stress)
contributed to the emotional responding variablEe first variable used was the Adult and
Adolescent Parenting Index version two (AAPI-2;ids five construct scores (Expectations of
Children, Empathy Towards Children’s Needs, Us€afporal Punishment as a Means of
Discipline, Parent-Child Role Responsibilities, @luldren’s Power and Independence) to assess
parenting risk on each of the five constructs. ightscore on the AAPI-2 indicates low parenting

risk, whereas a low score indicates high parenisig

Second, the Symptom Checklist-90-Revised (SCL-9D€tpgatis, 1994), evaluating a
broad range of psychological issues and psycholegheymptoms, was used. Three of the nine
constructs from the SCL-90 were used for theseyaaal(Interpersonal Sensitivity, Depression,
and Anxiety). Higher scores indicate more symptfongach construct. Next, the Parenting
Styles and Dimensions Questionnaire (PSDQ; Robindamdleco, Olsen, & Hart, 1995) was
used that determines three different parentingst{fPermissive, Authoritarian, and
Authoritative). Higher scores indicate a greatespnce of each parenting style. The Parenting
Stress Index Short Form (PSI-SF; Reitman, Curie8tickle, 2002) was also used yielding four

scores (Parental Distress, Parent-Child Dysfunatibrtieraction, Difficult Child, and a total
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stress score). The Positive and Negative AffeateSPANAS; Watson, Clark, & Tellegen,
1988) was used as well. The PANAS yields two ss@aepositive affect score and a negative
affect score) and was administered at all thre@iappents (when the infant was 3, 6, and 9
months of age). Finally, maternal demographicsevessessed including maternal income and
number of children per family. Only these two tastwere assessed due to relatively little
variability in other demographic variables incluglimaternal education (relatively high average
on maternal education with most mothers havingadtla college degree) or marital status (the

large majority were married).

Correlations were run to assess the relationshipdms infant emotional response
variables and maternal variables. The significantelations were then added to multiple
regression equations to determine if the combinatfonultiple maternal measures could account
for the variance found in the emotional respondiagables. The variables were added to
regression equations based on theory and similairiariables. For example, a regression
equation would be tested between significant catiais of empathy towards children’s needs
and interpersonal sensitivity, but not between @mptowards children’s needs and maternal

income. The following analyses will be organizgdelnotional response variables.

First, BS HR at 3 months was negatively correlatétd Permissive parenting (PSD®:
=-.461,p =.018), and at 9 months positively with both Ethgeoward Children’s Needs
(AAPI-2; r = .462,p = .008) and Parent-Child Role Responsibilities PAR; r = .395,p = .025).
Difference in HR was negatively correlated at 3 therwith both the total PSI scone< -.563,p
=.002) and Parental Distress (PiS; -.426,p = .027). No linear regression equations were

significant for BS HR or difference in HR.

Cortisol levels at 6 months correlated negativelyWwarent-Child Dysfunctional

Interaction (PSIr = -.381,p = .035). Cortisol levels at 9 months correlatedatively with
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Parental Distress (PS1=-.470,p = .015). Additionally, intensity of distress atr®nths was
negatively correlated with Negative Affect at 6 tien(PANAS;r = -.353,p = .035). At 9
months, intensity of distress was negatively cateal with Permissive parenting (PSD(; -
.387,p =.022). No linear regression equations wereifsigmt for cortisol or intensity of

distress.

Duration of distress at 6 months was negativelyetated with Interpersonal Sensitivity
(SCL-90;r =-.416,p = .01). At 9 months, duration of distress wasatiegly correlated with
Permissive parenting (PSDQ5 -.544,p = .001), Authoritarian parenting (PSDX -.420,p =
.012), and Parental Distress (PiSt -.381,p = .022). A multiple linear regression analysis
revealed that the linear combination of Parentat®ss and Authoritarian parenting was
significant,F(2, 32) = 6.87p < .003,R = .548, and accounted for 30% of the variancauratibn

at 9 monthsF¢ = .30).

Finally, latency to first distress response at 3ithe was positively correlated with
Expectations of Children (AAPI-2;=.407,p = .034). At 9 months, latency to distress was
positively correlated with Depression (SCL-9G; .410,p = .037), Permissive parenting (PSDQ;
r = .485,p = .014), Authoritarian parenting (PSD .425,p = .034), Parent-Child
Dysfunctional Interaction (PSt;= .629,p = .001), and Parent-Child Role Responsibilities
(AAPI-2; r =.392,p=.047). A multiple linear regression analysige@ed that the linear
combination of Parent-Child Role Responsibilitiesl #arent-Child Dysfunctional Interaction
was significantF(2, 23) = 12.91p < .001,R=.727, and accounted for 53% of the variance in
latency to distress at 9 month®& € .529). An additional multiple linear regressamalysis
revealed that the linear combination of Depresaiwth Authoritarian parenting was significant,
F(2, 22) = 4.892p < .017,R = .555, and accounted for 31% of the variancetaniey to distress

at 9 monthsR = .308).
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CHAPTER V

CONCLUSION

Hypothesis 1

Hypothesis 1 states that the cognitive measurag@iftion, information processing, and
memory would be correlated and/or able to pretieteamotional measures of distress. Very few
relationships were found at 3 or 6 months of agéthmose that were are interesting. At 3
months, infants with a high %AT also tended to haveer BS HR. In childhood, a lower BS
HR is typically associated with higher aggressind antisocial behaviors (e.g., Zahn-Waxler, et
al., 1995). Additionally, the research on the ilgaions of time spent in AT is limited, and thus
the outcomes are not as clear as those of SA. w#aWAT indicates a period of disengagement
in which the infant remains visually fixated on stenulus after the conclusion of meaningful
information processing (which occurs during SA; @wbo, et al., 2010). Less time spent in AT
predicts subsequent recognition (i.e., NP, as dume time spent in SA; Colombo, et al., 2010).
In the present study, %AT also showed a pattern B& cortisol at 6 months of age in which
infants demonstrating a higher %AT also showed tdesxels of cortisol. This result was
demonstrated with both OOM analyses and correlatianalyses (in which higher cortisol levels
correlated with lower %AT). Recall that BS cortisothe current sample is not necessarily the
same measurement of BS cortisol as many of théestmaentioned, as it was not assessed upon

waking, but instead, shortly after the infant agdvat the appointment. Thus the infant’s reaction
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to the new environment and the infant’'s respongbdanother’s reaction in the new environment
could interfere with the cortisol samples in thegemt study. However, the current cortisol
samples will be considered similar to BS cortisBlmilar to BS HR, low levels of BS cortisol

are typically related to higher levels of aggressiod antisocial behaviors in older children and
adults (e.g., Snoek, Van Goozen, Matthys, Buitel@aran Engeland, 2004). Therefore, these
relationships suggest that negative indicatorsyggahy (as measured by EC through low BS HR
at 3 months and low BS cortisol at 6 months) al&ed to more negative cognitive variables (as
measured by more time spent in the disengagemeaseph It should be noted however that these
relationships (between %AT and BS HR and betweer %#d BS cortisol) are not very strong

and further research is necessary to fully undedstiaem.

Also at 3 months, infants exhibiting a NP showestharter latency to distress. NP
indicates the encoding of information into shortrtenemory and a short latency to distress
could indicate a higher sensitivity to emotion&ligtions. The relationship then between NP and
shorter latency to distress relates to the findiisgussed above in which %AT and BS HR are
negatively related and suggests that positive tivgrbehaviors are related to positive (i.e., more
sensitive) emotional behaviors. This could helppsut the hypothesis that cognitions and
emotions are related and are detectable as eablyraths. This finding is relatively weak,

however, therefore replication is needed to agbéspotential further.

The conclusion that EC and cognitions are relatddrther supported in the present
study through the finding that, at 9 months, a t&rdatency to distress was related to a higher
%SA and a lower %AT. The finding that infants wéttigh %AT also showed a longer latency
to distress was evident in both the correlatiomalyses and those run with OOM. Additionally
through OOM, the individual patterns seen over im#&AT at 3, 6, and 9 months of age
matched the individual patterns seen in latenajidtress at 3, 6, and 9 months of age. The

majority of patterns that matched showed both Wemdecreasing over time. These patterns
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likely indicate normative development and are restassarily related to one another. Additional
research is necessary to investigate these retaimfurther as they are not very strong in the

present study.

A short latency to distress indicates that therinfasponds to the emotionally distressing
situation relatively quickly. This could possibhdicate a higher sensitivity to emotional
situations. SA is indicative of optimal informatiprocessing and infants during this phase of
attention are processing information, show gre@eognition of the information later (e.qg.,
Colombo, Richman, Shaddy, Greenhoot, & Maikranf12@rick & Richards, 2001; Richards,
1997a, 2003), and are more resistant to distrax{iewy., Lansink, Mintz, & Richards, 2002;
Richards & Lansink, 1998). As mentioned above,ig\&ssociated with disengagement and
shorter amounts of %AT relate to faster informagoocessing (Colombo et al., 2010). The
relationship, then, between shorter latency taekst more time spent in SA, and less time spent
in AT supports the hypothesis that a higher sevitsitio distress is related to more positive

cognitive abilities.

Additionally, the simultaneous decrease in %AT ktency to distress over time could
indicate a progression in the development of betissivity to distress and control of attentional
engagement. These findings are consistent withefadonship between BS HR and %AT (at 3
months of age) mentioned above in that a highesiaty to emotional situations is potentially
related to positive cognitive outcomes also at &itime of age. Therefore the finding linking
lower %AT and higher %SA with shorter latency tetriss suggests that at 9 months of age a
connection can already be seen between emotionagrdtion. At older ages (preschool,
childhood, and adulthood), a relationship betwedtantion and empathy is apparent (Braaten &
Rosén, 2000). The finding in the present studyests that perhaps this relationship is
beginning to develop and become visible as ear§/menths of age. Such results lend support

for early detection of the relationship between tomoand cognition, in particular the
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relationship that is seen at older ages betweentaih and empathy (Braaten & Rosén, 2000).
Perhaps the correlations between attention andt R@r@nths of age can be seen as a precursor
to the findings of Braaten and Rosén (2000) in Whicelationship was found between attention
and empathy measured through ADHD diagnoses arlaetheavioral/emotional responses to
empathy-inducing anecdotes. The relationshipes s®the present study at earlier ages as
shown through %AT and BS HR at 3 months and %ATB&dortisol at 6 months. However,
these are not as strong as that demonstrated ah®hsnof age. This could indicate an ever
increasing and developing connection between ematia cognition that begins at least as early

as 3 months of age and continues to develop iritdhdod.

Additional findings from the OOM analyses in thegent study include a relationship
between look duration and intensity of distreswiich infants who increased in look duration
from 3 to 6 months of age also showed a greatenditly of distress at 6 months. An increase in
look duration in infancy has shown to have less thatimal cognitive outcomes (such as in
language development, in preschool; Colombo, Shastdyl., 2004) and thus this finding could
potentially support a hypothesis that an increasedk duration could predict higher levels of
emotionality in infancy. However, this OOM analysias run on a very small subsample of
infants (those that increased in look duration fidtn 6 months of age,= 7) and replication
with a larger sample is needed to fully understiednature of this relationship. The majority of
infants, however, demonstrated a significant degréalook duration from 3 to 9 months
(consistent with much of the literature; e.g., Golbw, Shaddy, et al., 2004). This decrease
corresponds with a decrease in both latency teedistand distress intensity over time as well. In
other words, of the participants who demonstratddarease in look duration, the majority also
demonstrated a decrease in emotional responseentiato distress and intensity over time. A
decrease in latency to distress over time coulit@te a growing sensitivity to emotional

situations, whereas a simultaneous decrease imsityever time could indicate the beginnings
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of emotion regulation. Both sensitivity and regigdatare necessary to become aware of another’s
emotions (sensitivity), but also to distance orsels from the situation enough to react in an
others-centered manner (regulation). Perhaps Hisbtes are beginning to develop, can be
measured, and can be predicted by cognitive vasatlch as look duration as early as at least 3

months of age.

The majority of infants who demonstrated a decrease time in trials to habituation
(number of looks toward the stimulus) also dematstt a decrease in latency to distress from 3
to 9 months. Additionally, at 9 months only, théants with fewer trials to habituation also
showed greater intensity of distress. Fewer tt@lsabituation are thought to indicate faster or
more efficient information processing, but not resegily more accurate processing. This finding
could indicate that those infants with faster pesteg may assess an emotional situation and
respond to it more quickly (shorter latency). Tagponse may or may not be accurate or
appropriate however, due to the quick appraisais Tould lead to over- or under-responders to
emotional situations due to quickly appraisinggheation and assuming there is a threat when
there may not be one, or vice versa, assuming ther@ threat when there is. This response
could be adaptive, for example, if an individuaéoeacts to the situation, the individual is then
prepared for the possibility of a threat. On thegeo hand, if an individual underreacts to the
situation, the individual is not attending to thieation and thus does not respond emotionally or

behaviorally to the situation.

The implications of intensity of distress are sorhaticontradictory. In the present
study, it was found that an increase in intensi#g nelated to both fewer trials to habituation
(more efficient processing) and an increase in hwlation over time (slower processing speed).
This could be interpreted in multiple ways, howev&he increase in intensity of distress may not
have a linear relationship with cognitive outcom@grhaps, as is the case in the adult literature,

the intensity of distress response in an emotisitation has an inverted-U pattern. For
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example, a small increase in intensity could assishdividual in an empathic, prosocial
response by arousing the individual enough to dtterthe situation, but not so much that the
individual is overwhelmed and does not help. Taisld be the case in infancy as well regarding
information processing behaviors (instead of prizddiehaviors that are not yet available in an
infant’s repertoire). This could be interpretec af two ways; 1) if an infant is slightly aroused,
the infant can process the events of the situatidhe infant is overaroused, the infant’s focus
shifts from the situation and onto relieving hisrodistress; or 2) if an infant has fast information
processing abilities, the infant can assess thdienab situation before becoming overaroused.
However, this pattern may become more apparensangle with more variability in emotional

responding.

In summary, a relationship was demonstrated @hade ages between emotional
contagion and cognitions, though the relationshipee much stronger at 9 months of age.
Higher %AT demonstrated relationships between Ipotagency to distress, lower BS HR, and
lower BS cortisol levels. A long latency to disisenvas also related to a lower %SA and the
failure to demonstrate a NP. These findings sugbespresence of a relationship between
positive cognitive behaviors (more attentional colthrough lower %AT, more information
processing through higher %SA, and memory throuBh ahd positive emotional behaviors
(sensitivity to distress through a shorter latetacgtistress and implications for prosocial
behaviors through high BS HR and cortisol), an@ visrsa, thus supporting the first hypothesis.
Additionally, %AT and latency to distress decreasmgether over time, possibly indicating a
connection between the development of sensitigityistress and attentional control. These
findings most strongly support a relationship betwattentional abilities and emotional
behaviors, a relationship that is demonstrateddarcchildren (Braaten & Rosén, 2000). Also,
both a decrease in look duration and fewer trialsabituation corresponded with shorter latency

to distress and a decrease in intensity of dis{fes$ook duration only) over time. This
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potentially indicates a relationship between faptecessing speed (shorter look durations), an
increase in emotional sensitivity (shorter lateteyistress), and emotion regulation (lower

intensity).

These findings all support the first hypothesishef present study by suggesting that a
connection (though weak at times, particularly@inger ages) between cognition and emotion
can be demonstrated at very early ages. This ctiones a basic requirement for empathy later
in development (Eisenberg, 2007). Due to the wedilre of many of the correlations and other
analyses, further research is needed to fully éskaéind understand the development of such a

relationship.

Hypothesis 2

Hypothesis 2 states that distress, or EC, will iaroansistent across time, at 3, 6, and 9
months of age. This was partially supported indineent study and demonstrated by the

consistency of duration of distress, differencéli®, and BS HR.

Duration of distress increased from 3 to 6 montitsthen decreased again at 9 months.
An increase in duration at 6 months could indi@tencreasing sensitivity to distress, and the
decrease that follows could potentially indicate ithitial development of emotion regulation
abilities. However, additional research is neealsidg a larger sample in order to fully

understand this trend.

An additional pattern seen in the present studythvasncrease in difference in HR
during the EC paradigm from 3 to 9 months, and blifference in HR and intensity of distress
had significant positive correlations from 6 to 8nths. These results suggest that 1) over time,
the infants were more physiologically aroused lyHC paradigm and 2) an infant with a strong
physiological (high difference in HR) and behavidmtensity of distress) reaction at 6 months
was also likely to have a similar physiologicalatan at 9 months. The decrease in duration, but
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increase in both HR response and intensity ofestcould suggest that although the infants are
still emotionally aroused by the situation, perhdpsthe age of 9 months, they begin to regulate
behavioral responses to distress (the duratiomdiuthe intensity or the physiological HR

reaction).

Additionally, from 3 to 9 months of age, BS HR areeage decreased and showed that
most infants in the mid-range remained in the redew-range across time. This could also
help explain the increase in difference in HR dume. The difference in HR from BS to post-
task is smaller if the BS HR is initially high. @itefore, as BS HR decreases, difference in HR
will naturally increase. These continuities, thougbdest, could potentially be a preliminary

marker of and lead to empathic responding and emoégulation later in life.

Development of Cognitive Variables. The development of the cognitive variables
measured (information processing, attention, anchang) from 3 to 9 months is consistent with
the current literature. The present data showd@R increases and %AT decreases while %SA
stays relatively stable from 3 to 9 months. Ve fcorrelations were found between ages within
the cognitive variables. This indicates that tbgnitive variables were not necessarily
continuous overtime, however average relationsivgre found from age to age and were
consistent with other research conducted on thgseg@ups. Colombo et al. (2010)
demonstrated a similar pattern from 4 to 8 momhshich %AT decreased and %SA remained
consistent (no changes were found in %OR over taeopther studies have demonstrated an
increase in %0R over time; Colombo & Shaddy, 2002&call that SA is the phase in which
most information processing occurs and HR is bdlageline, whereas AT is thought to indicate
a period of disengagement in which the infant isntaéning visual fixation with the stimulus but
HR has increased above baseline (e.g., Richardasey; 1992). A decline in %AT over time is

associated with better long-term cognitive outcofess., Colombo, Shaddy, et al., 2004). The
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stability of %SA and the decrease in %AT imply tbeér time, the infants are improving their

information processing skills and attentional cohtr

Also consistent with previous literature, the cotréata show a decrease in look duration
from 3 to 6 months, followed by a plateau to 9 rhgntThe opposite was true for NP,
demonstrating an increase from 3 to 6 months fakbly a plateau to 9 months. Colombo
(Colombo, Harlan, and Mitchell, 1999; Colombo et 2004) has also demonstrated both of these
developmental trends. He has found that look duratecreases from approximately 2 to 6
months of age and then plateaus up to 1 year adNth increases and plateaus over the first
year of life. For the purpose of the present sttidy importance of these similar cognitive

developmental trajectories is simply that of region and reliability of the measures used.

Additional Findings

Gender Differences. Gender differences were found in emotional respumndariables
of intensity of distress and BS HR. For each ekthvariables, females had higher levels overall,
potentially indicating a higher level of emotiongli Intensity demonstrated a gender difference
only at 3 months of age, whereas BS HR demonstthiedlifference at both 3 and 6 months of
age. This general gender difference is consistéhtmuch of the literature (e.g., Hoffman &
Levine; Sagi & Hoffman, 1976; 1976; Simner 197Additionally, Baron-Cohen’s Empathizing-
Systemizing hypothesis (Baron-Cohen, KnickmeyeBeimonte, 2005) supports this finding.
Empathizing is characterized by attempting to idgntith and respond to another’'s emotions,
whereas systemizing is characterized by analyzmtems or numbers. Baron-Cohen
demonstrates that females typically display higloeres on an empathizing scale and males
typically display higher systemizing scores (Bafomhen, 2003; Baron-Cohen, Knickmeyer, &
Belmonte, 2005; Wakabayashi, Baron-Cohen, & Whdghty2006). The present finding

suggests that this hypothesis can be seen at &adgyage. Both BS HR and intensity of
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distress were higher in females, suggesting a patémdication in infancy of the tendency for

females to display more empathizing characteristiaa males.

Exploratory Analyses. Maternal variables;ollected as a part of a larger study on
cognitive development, nutrition, and parentinggvebdd many strong relationships to infant
emotional responding. First, BS HR was negativelsited to permissive parenting and
positively to maternal empathy. As discussed engresent literature review, a low BS HR is
indicative of aggression and antisocial behavietgreas a higher BS HR is typically indicative
of empathic concern and prosocial behaviors inrattiédren (Zahn-Waxler et al., 1995).
Additionally, the subscales of the permissive pingrscale include items relating to lack of
follow-through, ignoring misbehavior, and lack effsconfidence. Thus, in the present study, the
negative relationship here indicates that infanth igher BS HRs (or are potentially more
prone to prosocial behaviors later in life) alsodéo have parents who demonstrate follow-

through, self-confidence, and discipline for misié@br (low permissive parenting scores).

Additionally, high maternal empathy scores alsates to a higher BS HR in infants.
This suggests that the infants already potentaibye to prosocial behaviors later in life also
have parents who demonstrate empathy toward tiiarhaps, the infants with a high BS HR are
predisposed from infancy to exhibit more prosobthaviors later in life, but a combination of
high BS HR and maternal displays of empathy engmusaich behavior and it becomes an
observationally learned response. However, lodgial data from infancy into toddlerhood are

needed in order to test this hypothesis.

Difference in HR during the EC paradigm, or physgital emotional responding, was
negatively related to the parental distress subsafathe Parenting Stress Index (PSI) and to the
total PSI score. A high difference in HR indicadeseleration in HR and a strong physiological

reaction to the emotionally distressing situatitmolder children and adults, HR acceleration
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typically is associated with higher personal distrand anxiety, and low levels of helping
behaviors. Ininfancy however, there is veryditttsearch in this area. Additionally, these
results were observed in the 3-month data onlggenat which the regulatory behaviors and
cognitions needed to control the personal distreastion caused by an emotionally distressing
situation are still very immature. Thus HR accatien in the current sample could indicate a
stronger sensitivity to another’s emotions, leadimbigher empathic responding later in life

given that regulatory behaviors are developed.

An additional finding of the present study is aaidge relationship between intensity of
distress, maternal negative affect, and permigswventing behaviors. Infants with higher
intensity of distress also tended to have mothdifs lawer scores on both the negative affect
scale and the permissive parenting scale. Thisdenjunction with the above results regarding
HR acceleration. Perhaps a more intense resporasedmotionally distressing event (as
measured by both HR acceleration and intensitysifes) indicates a higher sensitivity to
another’'s emotions. This sensitivity then is mdiatio positive indicators of parenting as seen
through a demonstration of follow-through, self-tdence, discipline for misbehavior (low
permissive parenting scores) and less negativetaffehe mother. This finding continues to
support the theory that maternal interactions fariny have a strong influence on the child’s

socioemotional development (Campos & Sternbergl 1B®Itzoff, 2011).

Also demonstrated in the present study, duratiatisifess was negatively related to
maternal interpersonal sensitivity, permissive pting, authoritarian parenting, and the parental
distress subscale of the PSI. In other wordsclildren with a longer duration of distress also
had mothers with lower interpersonal sensitivitgrrpissive and/or authoritarian parenting styles,
and overall distress scores. This finding alse@aésd a strong predictive relationship between

parental distress and authoritarian parenting itiqudar for duration of distress.
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These results can be interpreted in one of two w&jst, the negative relationship
between duration of distress, permissive and aitéin@an parenting behaviors, and parental
distress could indicate that a longer durationistrelss, or a higher sensitivity to another’s
distress, is related to and influenced by positbugportive maternal behaviors. Recall that the
permissive parenting scale includes subscalexkfdifollow-through, ignoring misbehavior,
and lack of self-confidence. The authoritariargpéing scale includes subscales of verbal
hostility, corporal punishment, non-reasoning/pueiactions, and directiveness. The mother
that does not demonstrate follow-through or seifficience, is verbally hostile, and uses corporal
punishment with her child is likely not creatingafe environment for the socioemotional
development of their child. This could influente development of emotional sensitivity of the

child in a negative way.

The second interpretation is regarding the negaélationship between duration of
distress and maternal interpersonal sensitivitiyis §eems counterintuitive to what was
previously discussed; however a possible explanagithat a lack of interpersonal sensitivity in
the mother is likely to create disengagement towleednfant. This disengagement could create
a stressful environment for the infant, and negdyiinfluence the development of emotion
regulation. Also, this finding was found at 6 munbf age (all other relationships with duration
of distress were found at 9 months), an age in livbrootion regulation is still very
underdeveloped. The stress of having a disengaugeahsitive mother could lead to a
dysregulation of emotional responding and thuséomyirations of distress. This explanation,

too, supports the importance of mother-child indBoms at very young ages.

BS cortisol levels showed very few relationshipthveiny of the cognitive variables at 6
and 9 months, however, relatively strong negat@lationships were found at both ages between
cortisol and two subscales of the Parenting Stretex (PSI): parent-child dysfunctional

interaction (6 months) and parental distress (9thg)n In other words, infants with lower levels
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of BS cortisol, also tended to have mothers whoesthigh on both the parental distress subscale
and the parent-child dysfunctional interaction sabes This finding seems counterintuitive; the
natural inclination for interpretation is that thther’s increased stress levels would create more
stress, and thus more cortisol, in the infant. kv, the inverse relationship found between the
mother’s stress and the infant’s cortisol is notaio The patterns of cortisol reactivity to stress
are anything but simple and straightforward. Asitiomed in the section on cortisol and emotion
above, chronic stress typically results in a doagutation of the HPA axis, including BS cortisol
levels (Miller et al., 2007), as the body’s attergptope with prolonged, uncontrollable stress
(Hek et al., 2013) and to prepare one’s self fstrassful event. In the present sample, this ean b
seen through the relationship of overly stressed likely disengaged, mothers and the down

regulation of cortisol in their child at 6 and 9 mtios of age.

Finally, latency to distress showed many strotati@ships to maternal variables.
Mother’s expectations of her child, maternal degi@g permissive and authoritarian parenting,
parent-child dysfunctional interactions, and pahild role responsibilities all demonstrated
positive relationships with latency to distress.other words, a shorter latency to distress (or
higher sensitivity) is related to lower materngbestations of her child, lower maternal
depression, lower scores on permissive and auiniarit parenting scales, lower parent-child
dysfunction in the relationship, and lower childpensibilities. The combination of parent-child
role responsibilities and parent-child dysfunctidngeractions had particularly strong predictive
powers of latency to distress. Additionally, tleenbination of depression and authoritarian
parenting had strong predictive power for latercglistress. These findings are in conjunction
with the previous findings suggesting that a loest and engaging, positive mother-child
environment is very important to help cultivate ¢imeal sensitivity in the child. These findings
continue to stress the importance of maternalaatesns in infancy on the socioemotional

development of the child.
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As these results indicate, mother-child interactiare highly influential in the child’'s
socioemotional development; however, genes aresaddimng contributing factor. In the current
sample, all infants were living with their biologigarents, therefore, the gene x environment
interaction is likely highly influential in this sgple. The mothers contribute to the genetics of
the child and this could be a strong influencelendhild’s emotional responding. For example,
if a mother is highly emotionally regulated, théldhvill likely have tendencies toward high
emotion regulation due to genetics, but also olesbighly regulated behaviors by the mother and
learn a similar response. On the other handpibther is emotionally dysregulated, this not only
creates a stressful environment for the child theitchild also likely has genes to contribute to

emotionally dysregulated characteristics.

In summary, the majority of these findings supploetidea that stronger emotional
responding in infancy (as indicated by BS HR, HRederation, latency to distress, and duration,
and intensity of distress) is influenced by and lsamredicted by positive maternal behaviors (as
indicated by positive, supportive parenting behessiand the lack of negative affect). The
relationship between cortisol and dysfunctionakpéchild interactions potentially indicates the
child’s physiological coping response to the cheairess of a disengaged parent. In infancy, the
importance of mother-child interactions in the aha@motional, and physical development of the
child cannot be overstated. The current study dstnates the significance of a positive,

supportive mother-child environment.

Limitations

The connections between emotion and cognitiondrptiesent study, though existent, are
relatively weak, particularly at 3 and 6 monthsgé. In fact, there were no significant
correlations found between emotional and cognitesgables, only one weak pattern (using

OOM analyses) at 3 months, and only one correlarahtwo relatively weak OOM patterns at 6
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months. There are many possible explanationsotack of strong correlations between
emotional and cognitive measures at 3 and 6 morikhs.first is the general fussiness of the
infants. At such young ages, it can be difficalteéliably collect data. While efforts were taken
to soothe the infant during the appointment (irdamére fed during the appointment when
necessary, the parents were asked to schedulppbentment to avoid a typical nap time, etc.),
the procedure was relatively time consuming andynedithe infants were fussy during one or
more of the procedures. In some cases, this ledgsing data or potentially a skew in the EC
results, as the infant could have been distregsetfsons other than listening to the recorded
cries. The general fussiness of the infant coldd eelate to temperament, which was not

assessed in the present study.

Another explanation for the lack of significant egations at 3 and 6 months of age
could be that the relationship between cognitioth @motions is not yet developed enough to be
detected. While EC is no doubt present at thees agd even younger (Simner, 1971), and
cognitions such as attention (Reynolds & Richa2@98) and NP (Fagan, 1984) can also be
reliably measured at these ages, the correlatitwele® the two may not be strong enough to be

detected until the abilities are more fully develdp

Another possible limitation of the current studyhiat it was conducted on a very low-
risk sample with regards to demographics and piagbehaviors. The current sample included
a large majority of Caucasian, married, and veghlyi educated mothers, and all children were
being raised by their birth parents. This lackadfiability and general low-risk could influence
the child’s socioemotional development and emotioesponding. As mentioned above, both
genes and environment are highly influential irnédis early development and the mother is
contributing to both. Thus if there is little valility and very low risk, the current analyses may

not be assessing 1) the true relationship betwé€ercégnition, and maternal factors that is
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present in the general population and 2) the effethigh-risk parenting on early socioemotional

development.

The current study may not have assessed the mosi@a@te measures for detecting the
relationship between cognition and emotion so darlife. There may be other cognitive
variables that would be more closely related toifel@fancy other than NP or memory.
Additionally, at older ages, what is measured Baglly labeledempathy notEC. As discussed
previously, it is thought that EC could be seen asecursor to empathy due to the
underdevelopment of theory of mind and other cogmiunctions, however, there is the
possibility that what is being measured in infaigyot, in fact, the same process as what is
measured at older ages. Thus additional longitldesearch is needed to assess the continuity
of EC in infancy and empathy in childhood in orteconfidently make the assumption that the

same processes are being measured at both ages.

Conclusion

The present study aimed to address the potenkziarship between EC and cognition
in early infancy. The findings support the hypaikehat a connection between emotion and
cognition (though weak at times) can be demonstrateery early ages, most notably though
HR-defined attentional phases. Later in childhdb, connection is essential for empathic and
prosocial behaviors, thus the detection of it flaircy has important implications for later
empathy development. Additional longitudinal resbas necessary in order to confidently

connect the findings from the current study to éhfmsind in toddlerhood.

The second hypothesis of the present study staéddimotional response variables
would follow a similar trajectory over time. Thigas supported through the findings that
duration of distress, BS HR, and difference in HIRalowed a similar trajectory over time,

especially from 6 to 9 months of age. Gender difiees were found indicating that females, on
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average, demonstrated stronger emotional respoiadimgell as the consistency of cognitive

variables over time. Both of these findings anesistent with the current infant literature.

Finally, through exploratory analyses, very impotteelationships were discovered
regarding maternal influences on emotional respandiThough not part of the original
hypotheses, the strength of the predictive valtig®sitive parenting behaviors demonstrate the
relationship that mother-infant interactions hamesocioemotional development during the very

early years of life.

The implications of the present study suggestttiere are many factors that can
influence the development of EC in very early imdamcluding both cognitive development and
mother-infant experiences. However, the importasfaaother-infant interactions is emphasized
above that of cognitive development suggestingdhatich early ages, social interactions are
much more influential in shaping the socioemotiat@lelopment of the infant, potentially

leading to empathic and prosocial behaviors laidife.
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Table 1

Descriptive Statistics for Emotional Variables

3 Months 6 Months 9 Months
Measure N M (SD) N M (SD) N M (SD)
Latency 28 14.68 (20.05) 32 7.94 (8.56) 26 7.62730
Duration 30 156.47 (77.67) 37 203.57 (90.91) 36 .862112.45)
Intensity 30 25.83 (15.61) 37 28.49 (18.85) 36 331.51)
BS HR 27 154.84 (9.39) 34 140.60 (13.24) 32 12816730)
Diff HR 27 2.08 (10.62) 29 3.04 (9.92) 32 11.63.6B)
BS Cortisol 32 0.22 (0.15) 26 0.21 (0.15)

Note.Latency units of measurement: seconds; Duratiots whimeasurement: seconds; Intensity units of meazent: 0-75 scale; Baseline heart
rate (BS HR) units of measurement: beats per mifd1); Difference in heart rate (Diff HR) units nfeasurement: BPM; Baseline (BS)
cortisol units of measurement: units per mililitH. values represent raw, unstandardized scores.
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Table 2

Descriptive Statistics for Cognitive Variables

3 Months 6 Months 9 Months

Measure N M(SD) N M (SD) N M (SD)

Tot Look Dur 34  139.55 (137.49) 36 47.70 (32.80) 33 31.30 (10.44
Avg Look 33 18.97 (17.01) 35 6.91 (4.66) 34 5.85 (2.34)
Num Looks 36 6.69 (2.95) 36 7.53 (4.82) 34 6.09 (2.37)
% OR 36 0.29 (0.27) 36 0.36 (0.26) 34 0.40 (0.27)
% SA 36 0.54 (0.25) 36 0.56 (0.26) 34 0.50 (0.24)
% AT 36 0.17 (0.14) 36 0.08 (0.09) 34 0.10 (0.13)
NP 32 0.51 (0.19) 36 0.59 (0.18) 33 0.57 (0.12)

Note.Total duration of looking (Tot Look Dur) units ofeasurement: seconds; Average duration of lookingy (fook) units of measurement:
seconds; Percentage of time in Orienting (% ORS$teéBued Attention (% SA), and Attention Terminati® AT) units of measurement:
percentage of total looking time; Novelty preferenmits of measurement: percentage of looking tormovel stimulus. All values represent raw,
unstandardized scores.
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Table 3

Correlations Among Emotional and Cognitive Variabtét 3 Months of Age

Latency Duration Intensity BS HR Diff HR

Tot Look  Avg Look

Latency -.352
Duration
Intensity

BS HR

Diff HR

Tot Look Dur
Avg Look Dur
# Looks
%O0R

%SA

%AT

NP

-506° -228  -.291
7377 .094 264
.098 341

-.386

%O0R %SA %AT NP
211 -173 -.095 -.293
.055 -.077 039 -.352
-.145 145 .020 -.190
.360 -.303 -.219  .059
-.080 121 -.052  .006

-436" .316 .288 -.047

-.429 192 499" -.126
-.069 .044 .057 .106

-.865" -413  .051
-.099 -.001
-.099

**_Correlation is significant at the 0.01 leveH@led).
*, Correlation is significant at the 0.05 levelt@led).

Note.Latency, Duration, and Intensity = of distress dgrihe emotional contagion paradigm. Tot /Avg Lk Buotal/ average look duration. #
Looks = number of looks. %0OR, %SA, and %AT = heatt-defined phases of attention. NP = noveltygresfce.
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Table 4

Correlations Among Emotional and Cognitive Variabét 6 Months of Age

Tot Avg Avg Lk
BS Lk Lk # DurA 3-6
Latency Duration Intensity BSHR DiffHR Cort. Dur Dur Looks Months % OR % SA %AT NP
Latency -.131 026 .085 .075 .076 .053 .059 -.050 -205 267 -.217 -145 -213
Duration 646" 201 -085 -417 .112 -.058 .204 -.088 -.028 -.002 .088 .208
Intensity 173 4127 -273 -219 -131 -.146 .001 -019 .037 -.051 .198
BS HR -.539" .009 .062 .179 -.029 -109 -090 .102 -.036 .053
Diff HR -101 -.231 -.202 -.098 025 267 -269 -013 -.073
BS Cort. -.234 -.062 -.183 125 194 -044 -412  -310
Tot Lk Dur 559" 435 -312 -080 -.075 .449 231
Avg Lk Dur -.306 -.082 157 -.249 .247 333
# Looks -448°  -035 -.013 .139 .021
Avg Lk Dur A
-183  .187 -.011 -.200
3-6 Months
% OR -941"  -224 .084
% SA -119  -.203
% AT 321
NP

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).

Note.Latency, Duration, and Intensity = of distress dgrihe emotional contagion paradigm. BS HR/ CoBaseline heart rate/ cortisol. Tot

/Avg Lk Dur = total/ average look duration. Avg Diur A 3-6 Months = average look duration change from 8 imonths. # Looks = number of
looks. %0R, %SA, and %AT = heart rate-defined pbasattention. NP = novelty preference.
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Table 5

Correlations Among Emotional and Cognitive Variabtét 9 Months of Age

BS  Diff BS TotlLk AvgLk #  AvglLk

Latency Duration Intensity HR HR Cort. Dur Dur Looks DurA3-6M % OR % SA %AT NP
Latency -335 -216 .171 -.020 .106 -.147 058 -.134 125 105 -380 .46Z7 .020
Duration 801" -030 .234 .179 -281 041 .074 -078 -209 .304 -.124 -.050
Intensity -.095 552" 196 -.134 002 -.122 -246 -071 .216 -.240 -.071
BS HR -361 .203 -.306 -178 -.126 467" 018 .064 -.149 -071
Diff HR 193 129 021 .094 -183 -.036 .127 -.155 -.091
BS Cort. -.347 -.333  -.057 -101 .232 -.082 -300 .019
Tot Lk Dur 622" 352 -.020 -346 .305 .149 .178
Avg Lk Dur -.093 179 -374 284 .250 -.055
# Looks -.052 -233 .239 .045 .056
Avg Lk Dur A

-032 .060 -.042 .098

36 M
% OR -872" -.470° -.265
% SA -.024 202
% AT .169
NP

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 leveltgled).

Note.Latency, Duration, and Intensity = of distressha émotional contagion paradigm. BS HR/ Cort. =dias heart rate/ cortisol. Tot /Avg
Lk Dur = total/ average look duration. Avg Lk DAr3-6 M = average look duration change from 3 todhths. # Looks = number of looks.
%0R, %SA, and %AT = heart rate-defined phasestentn. NP = novelty preference.
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Table 6

Correlations Among Latency to Distress at 3, 6, Qridonths of Age

Latency 3 Month:

Latency 6 Month:

Latency 9 Months

Latency 3 Months
Latency 6 Months
Latency 9 Months

-.230

157
-.076

Table 7

Correlations Among Duration of Distress at 3, 6d@&hMonths of Age

Duration 3 Months Duration 6 Months

Duration 9 Months

Duration 3 Months -.090
Duration 6 Months

Duration 9 Months

-.152
222

Table 8

Correlations Among Intensity of Distress at 3, 8d & Months of Age

Intensity 3 Month: Intensity 6 Month:

Intensity 9 Months

Intensity 3 Months -.291
Intensity 6 Months

Intensity 9 Months

-.020
347

*, Correlation is significant at the 0.05 levelt@led).

Table 9

Correlations Among Baseline Heart Rate at 3, 6, @mdonths of Age

BS HR 3 Months BS HR 6 Months

BS HR 9 Months

BS HR 3 Months
BS HR 6 Months
BS HR 9 Months

-.013

-.045
.202
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Table 10

Correlations Among Difference in Heart Rate at 3aed 9 Months of Age

Difference HR

Difference HR

Difference HR

3 Months 6 Months 9 Months
Difference HR 3
-.063 -.329
Months
Difference HR 6 .
449

Months
Difference HR 9
Months

*, Correlation is significant at the 0.05 leveltgled).

Table 11

Correlations Among Baseline Cortisol at 6 and 9 khsrof Age

BS Cortisol 6 Month:

BS Cortisol 9 Months

BS Cortisol 6 Months
BS Cortisol 9 Months

126

Table 12

Correlations Among Total Look Duration at 3, 6, @htfonths of Age

Total Look Duratior

Total Look Duratior

Total Look Duration

3 Months 6 Months 9 Months
Total Look Duration 3 .
.389 .104
Months
Total Look Duration 6
275
Months
Total Look Duration 9
Months

*, Correlation is significant at the 0.05 levelt@led).
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Table 13

Correlations Among Average Look Duration at 3, 16 ® Months of Age

Average Look Average Look Average Look
Duration 3 Months Duration 6 Months Duration 9 Months

Average Look

. 341 146
Duration 3 Months
Average Look

. 247
Duration 6 Months

Average Look
Duration 9 Months

Table 14

Correlations Among Number of Looks at 3, 6, anddhtiis of Age

Number of Looks Number of Looks Number of Looks
3 Months 6 Months 9 Months
Number of Looks 3 .
-.186 -.348
Months
Number of Looks 6
.145
Months
Number of Looks 9
Months

*, Correlation is significant at the 0.05 levelt@led).

106



Table 15

Correlations Among Heart Rate-Derived Attentior8a6, and 9 Months of Age

% OR 3 % SA 3 % AT 3 % OR 6 % SA 6 % AT 6 % OR 9 % SA 9 % AT 9
Months Months Months Months Months Months Months Months Months

% OR 3 Months -.865" -413 -.103 .015 247 .108 122 -.435
% SA 3 Months -.099 .056 -.004 -.145 -.030 -.135 .300
% AT 3 Months .104 -.022 -.230 -.138 .016 252
% OR 6 Months -041" -.224 271 -.206 -.184
% SA 6 Months -.119 -.235 .169 178
% AT 6 Months -.132 .130 .037
% OR 9 Months -872° -.470°
% SA 9 Months -.024

% AT 9 Months
**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltéled).

Table 16

Correlations Among Novelty Preference at 3, 6, @mdonths of Age

Novelty Preference at 3 Montl  Novelty Preference at 6 Montl  Novelty Preference at 9 Months
Novelty Preference at 3 Months -.333 -.176
Novelty Preference at 6 Months -.086
Novelty Preference at 9 Months
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Table 17

Correlations Among Latency to Distress and AAPE@r8s

Use of
Empathy Corporal
Towards Punishmen  Parent-Chilc Children's

Latency ai Latency af Latency ail Expectations Children's as a Mean Role  Power and
3 Months 6 Months 9 Months of Children Needs of Discipline Responsibilities Independence
Latency at 3 Months -.230 157 401 247 .048 107 197
Latency at 6 Months -.076 .039 -.003 .076 .069 -113
Latency at 9 Months .223 311 .305 392 127
Expectations of Children 638" 574 515 392
Empathy Towards Children's Nee: 518" 505" 434"
Use of Corporal Punishment as a .
. 533 311
Means of Discipline
Parent-Child Role Responsibilities 294

Children's Power and Independen
**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 18

Correlations Among Duration of Distress and AAPS&res

Use of
Empathy Corporal
Towards Punishmen  Parent-Chilc Children's

Duration Duration Duration Expectations Children's as a Mean Role  Power and
3 Months 6 Months 9 Months of Children Needs of Discipline Responsibilities Independence
Duration 3 Months -.090 -.152 -.048 -.074 -.169 -.047 -.222
Duration 6 Months 222 125 .017 -.069 120 -.167
Duration 9 Months -.100 -.283 -.299 -.007 -.090
Expectations of Children 638" 574 515 392
Empathy Towards Children's Nee: 518" 505" 434"
Use of Corporal Punishment as a .
. 533 311
Means of Discipline
Parent-Child Role Responsibilities 294

Children's Power and Independen
**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltédled).
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Table 19

Correlations Among Intensity of Distress and AARSedres

Use of
Empathy Corporal
Intensity Intensity Intensity Towards Punishmen  Parent-Chilc Children's
at3 at6 at 9 Expectations Children's as a Mean Role Power and
Months Months Months of Children Needs of Discipline Responsibilities Independence
Intensity at 3 Months -.291 -.020 -113 -.074 -.022 -116 -.168
Intensity at 6 Months 342 .066 -.090 -.044 014 -.225
Intensity at 9 Months .043 -.164 -.108 -.141 .018
Expectations of Children 638" 574 515 392
Empathy Towards Children's Nee 518" 505 434
Use of Corporal Punishment as a o
.533 311

Means of Discipline
Parent-Child Role Responsibilities

Children's Power and Independer
**_Correlation is significant at the 0.01 leveH@led).
*, Correlation is significant at the 0.05 levelt@led).

294
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Table 20

Correlations Among Baseline Heart Rate and AAPE@r&s

Use of
Empathy Corporal
BSHR BSHR BSHR Towards Punishmenta  Parent-Chilc Children's
3 6 9 Expectations Children's a Means o Role Power and
Months Months Months of Children Needs Discipline Responsibilities Independence
BS HR 3 Months -013 -.045 -.012 -.018 -.004 -179 -.099
BS HR 6 Months .202 -.245 -116 -.031 .005 -.164
BS HR 9 Months 288 462 312 395 268
Expectations of Children 638" 574 515 392
Empathy Towards Children's Neec 518" 505" 434
Use of Corporal Punishment as a .
. 533 311
Means of Discipline
294

Parent-Child Role Responsibilities
Children's Power and Independenc

**_Correlation is significant at the 0.01 leveH@led).
*, Correlation is significant at the 0.05 levelt@led).
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Table 21

Correlations Among Difference in Heart Rate and A&FScores

Use of
Empathy Corporal
Towards Punishmen  Parent-Chilc Children's

Diff HR Diff HR Diff HR Expectations Children's as a Means ¢ Role  Power and

3 Months 6 Months 9 Months of Children Needs Discipline Responsibilities Independence
Diff HR 3 Months -.063 -.329 -.070 151 -.083 .099 .166
Diff HR 6 Months 449 .068 -.027 -179 -.243 077
Diff HR 9 Months .034 -.201 -.189 -.307 -122
Expectations of Children 638" 574 515 392
Empathy Towards Children's Neec 518" 505 434"

Use of Corporal Punishment as a o

.533 311

Means of Discipline
Parent-Child Role Responsibilities .294

Children's Power and Independen:
**_Correlation is significant at the 0.01 leveH@led).
*, Correlation is significant at the 0.05 levelt@led).
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Table 22

Correlations Among Baseline Cortisol and AAPI-2r&so

Use of
Empathy Corporal
Towards Punishmen  Parent-Chilc Children's
BS Cortisol € BS Cortisol 8 Expectations Children's as a Means Role Power and
Months Months  of Children Needs Discipline Responsibilities  Independence
BS Cortisol 6 Months 126 .036 232 .199 -.001 077
BS Cortisol 9 Months -.091 141 -.150 .018 -.331
Expectations of Children 638" 574 515 392
Empathy Towards Children's Need 518" 505 434
Use of Corporgl F’unlshment asa 539" 311
Means of Discipline
294

Parent-Child Role Responsibilities
Children's Power and Independenc

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 23

Correlations Among Latency to Distress and PSI &or

Latency 3 Latency 6 Latency 9 Parenta Parent-Chilc  Difficult  PSI Total
Months  Months  Months  Distress Dysfunctional Interactiol Child Stress
Latency 3 Months -.230 157 .034 -.030 -174 .061
Latency 6 Months -.076 -.209 -.107 .014 -.151
Latency 9 Months 145 629" -.103 -.068
Parental Distress 256 572" .806"
Parent-Child Dysfunctional Interaction .256 .015
Difficult Child 774
PSI Total Stress
**_Correlation is significant at the 0.01 leveH@iled).
Table 24
Correlations Among Duration of Distress and PSIr8so
Duration 3 Duration 6 Duration 9 Parenta Parent-Chilc  Difficult  PSI Total
Months Months Months  Distress Dysfunctional Interactiol Child Stress
Duration 3 Months -.090 -.152 .160 .183 .068 .075
Duration 6 Months 222 -.053 241 -.115 -.029
Duration 9 Months -.381 .008 .062 -195
Parental Distress 256 572" .806"
Parent-Child Dysfunctional Interactior .256 .015
Difficult Child 774

PSI Total Stress

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 25

Correlations Among Intensity of Distress and PSir8s

Parent-Chilc
Intensity 3 Intensity 6 Intensity 9 Parenta Dysfunctional Difficult PSI Total
Months Months Months Distress  Interaction Child Stress
Intensity 3 Months -.291 -.020 .260 .168 194 195
Intensity 6 Months 3472 -.091 -.010 220 .200
Intensity 9 Months -.235 .060 201 .039
Parental Distress .256 572 .806°
Parent-Child Dysfunctional Interaction .256 .015
Difficult Child 774

PSI Total Stress

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 26

Correlations Among Baseline Heart Rate and PS| &cor

Parent-Chilc
BSHR3 BSHR6 BSHR9 Parenta Dysfunctional Difficult ~ PSI Total
Months  Months  Months Distress Interaction Child Stress
BS HR 3 Months -.013 -.045 153 -.152 .086 219
BS HR 6 Months 202 -.021 .040 -.158 -.132
BS HR 9 Months -.159 -.008 -.218 -.226
Parental Distress 256 572 .806
Parent-Child Dysfunctional Interaction .256 .015
Difficult Child 774

PSI Total Stress

**_Correlation is significant at the 0.01 leveH@led).
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Table 27

Correlations Among Difference in Heart Rate and B&dres

Parent-Chilc
Diff HR 3 Diff HR 6 Diff HR 9 Parenta Dysfunctional Difficult PSI Total
Months Months  Months Distress Interaction Child Stress
Diff HR 3 Months -.063 -.329 -.426 .062 -.301 -563"
Diff HR 6 Months 449 -.004 -.181 276 274
Diff HR 9 Months .091 11 275 311
Parental Distress 256 572 .806
Parent-Child Dysfunctional Interaction .256 .015
Difficult Child 774

PSI Total Stress

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 28

Correlations Among Baseline Cortisol and PSI Scores

Parent-Chilc
BS Cortisol € BS Cortisol € Parenta Dysfunctional Difficult PSI Total

Months Months Distress Interaction Child Stress
BS Cortisol 6 Months 126 =237 -.381 -.297 -.193
BS Cortisol 9 Months -.470 164 -.160 -.331
Parental Distress 256 572 .806
Parent-Child Dysfunctional Interaction .256 .015
Difficult Child 774
PSI Total Stress
**_Correlation is significant at the 0.01 leveH@led).
*. Correlation is significant at the 0.05 leveltédled).
Table 29
Correlations Among Latency to Distress and PSDQé&xo

Latency 3 Latency 6 Latency S

Months Months Months Authoritarian Authoritative  Permissive
Latency 3 Months -.230 157 167 -.046 .360
Latency 6 Months -.076 -.182 -.245 -.208
Latency 9 Months 425 012 485
Authoritarian -.397 467"
Authoritative 223
Permissive

**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltédled).
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Table 30

Correlations Among Duration of Distress and PSDQr8s

Duration 3 Duration 6 Duration 9
Months Months Months Authoritarian Authoritative  Permissive
Duration 3 Months -.090 -.152 .204 146 146
Duration 6 Months 222 -.006 -.103 -.011
Duration 9 Months -.420 -.085 -.544"
Authoritarian -.392 467"
Authoritative 223
Permissive
**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltédled).
Table 31
Correlations Among Intensity of Distress and PS2Qr&s
Intensity 3 Intensity 6 Intensity 9
Months Months Months Authoritarian Authoritative Permissive
Intensity 3 Months -.291 -.020 .019 .220 130
Intensity 6 Months 342 -.086 -.258 .023
Intensity 9 Months -.258 -.228 -.387
Authoritarian -.397 467"
223

Authoritative
Permissive

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 32

Correlations Among Baseline Heart Rate and PSDQe&3co

BSHR 3 BSHR 6 BSHR 9
Months Months Months Authoritarian  Authoritative Permissive
BS HR 3 Months -.013 -.045 .063 -.281 -.461
BS HR 6 Months .202 .108 -.008 .076
BS HR 9 Months 132 -.009 138
Authoritarian -.3972 467"
Authoritative 223
Permissive
**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
Table 33
Correlations Among Difference in Heart Rate and BSBrores
Diff HR 3 Diff HR 6 Diff HR 9 Authoritarian ~ Authoritative Permissive
Months Months Months
Diff HR 3 Months -.063 -.329 .068 .164 .020
Diff HR 6 Months 449 -.057 -.149 -.065
Diff HR 9 Months =271 -.122 -.235
Authoritarian -.3972 467"
Authoritative 223
Permissive

**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltéled).
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Table 34

Correlations Among Baseline Cortisol and PSDQ Sgore

BS Cortisol € BS Cortisol S
Months Months Authoritarian Authoritative Permissive
BS Cortisol 6 Months 126 .042 116 -127
BS Cortisol 9 Months -.146 -.088 -.338
Authoritarian -.3972 467"
Authoritative 223
Permissive
**_Correlation is significant at the 0.01 leveH@led).
*, Correlation is significant at the 0.05 leveltgled).
Table 35
Correlations Among Latency to Distress and SCL-G8r&s
Latency at < Latency at ¢ Latency at ¢ Interpersona Depressior
Months Months Months  Sensitivity Scale Scale Anxiety Scale
Latency at 3 Months -.230 157 .255 .302 .026
Latency at 6 Months -.076 -.280 -.213 -.202
Latency at 9 Months 327 410 275
Interpersonal Sensitivity Scale 886" 814"
835"

Depression Scale
Anxiety Scale

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 36

Correlations Among Duration of Distress and SCLS#res

Interpersona
Duration at = Duration at € Duration at € Sensitivity Depressior Anxiety
Months Months Months Scale Scale Scale
Duration at 3 Months -.090 -.152 =211 -173 .053
Duration at 6 Months 222 -416 -.133 -.233
Duration at 9 Months -.221 -.200 -.292
Interpersonal Sensitivity Scale .886 814"
835

Depression Scale
Anxiety Scale

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Table 37
Correlations Among Intensity of Distress and SCLS80res

Intensity at & Intensity at € Intensity at ¢ Interpersona Depressior Anxiety
Months Months Months Sensitivity Scale Scale Scale
Intensity at 3 Months -.291 -.020 -.076 -124 .087
Intensity at 6 Months 342 -.293 -.258 -.331
Intensity at 9 Months -.137 -.234 -.305
Interpersonal Sensitivity Scale 886 814"
Depression Scale 835
Anxiety Scale
**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltédled).
Table 38
Correlations Among Baseline Heart Rate and SCL-@#¢%
BSHR3 BSHR6 BSHR9 Interpersona Depressior Anxiety
Months Months Months  Sensitivity Scale Scale Scale
BS HR 3 Months -.013 -.045 -.097 .022 .081
BS HR 6 Months .202 -.002 .021 .038
BS HR 9 Months .182 .235 218
Interpersonal Sensitivity Scale 886" 814"
835

Depression Scale
Anxiety Scale

**_Correlation is significant at the 0.01 leveH@iled).
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Table 39

Correlations Among Difference in Heart Rate and S0LScores

Diff HR3 Diff HR6 Diff HR9 Interpersona Depressior Anxiety
Months Months Months  Sensitivity Scale Scale Scale
Diff HR 3 Months -.063 -.329 -.135 -.093 -.078
Diff HR 6 Months 449 -.073 -.153 -.146
Diff HR 9 Months .029 -.106 -.185
Interpersonal Sensitivity Scale 886 814"
Depression Scale 835
Anxiety Scale
**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltédled).
Table 40
Correlations Among Difference in Heart Rate and S0LScores
BS Cortisol € BS Cortisol 9 Interpersona Depressior Anxiety
Months Months  Sensitivity Scal¢ Scale Scale
BS Cortisol 6 Months 126 .057 -174 -114
BS Cortisol 9 Months -.157 -.152 -.206
Interpersonal Sensitivity Scale .886 814"
Depression Scale 835

Anxiety Scale

**_Correlation is significant at the 0.01 leveH@iled).
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Table 41

Correlations Among Emotional Variables and PANAS ktonths

Positive Negative

Latency 3 Duration 3 Intensity 3 BSHR3 Diff HR 3 Affect 3 Affect 3

Months Months Months Months Months Months Months

Latency 3 Months -.352 -.506" -.228 -.291 120 126
Duration 3 Months 737 .094 .264 .209 -.231
Intensity 3 Months .098 341 -.051 117
BS HR 3 Months -.386 -.025 210
Diff HR 3 Months -.038 -.161
Positive Affect at 3 Months -.446"

Negative Affect at 3 Months

**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltéled).
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Table 42

Correlations Among Emotional Variables and PANAS ktonths

Positive  Negative

Latency 6 Duration 6 Intensity 6 BSHR 6 Diff HR6 BS Cortisol €  Affect6  Affect 6

Months Months Months  Months Months Months Months Months

Latency 6 Months -131 .026 .085 .075 .076 -.054 -.223
Duration 6 Months 646 201 -.085 -417 -.064 -176
Intensity 6 Months 173 412 -.273 -.077 -.353
BS HR 6 Months -.539" .009 -.156 -.008
Diff HR 6 Months -.101 -.164 -.147
BS Cortisol 6 Months .198 127
Positive Affect 6 Months -.183

Negative Affect 6 Months

**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltédled).
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Table 43

Correlations Among Emotional Variables and PANAS ktonths

Positive  Negative

Latency 9 Duration 9 Intensity9 BSHR9 Diff HR9 BS Cortisol ¢  Affect9  Affect 9

Months Months Months  Months Months Months Months Months

Latency 9 Months -.335 -.216 A71 -.020 .106 -.047 118
Duration 9 Months 801" -.030 234 179 -.187 -.010
Intensity 9 Months -.095 552" 196 -.066 -.042
BS HR 9 Months -.361 .203 -.029 .202
Diff HR 9 Months .193 -.010 -.155
BS Cortisol 9 Months -.155 -.281
-.070

Positive Affect 9 Months
Negative Affect 9 Months

**_Correlation is significant at the 0.01 leveH@iled).
*. Correlation is significant at the 0.05 leveltédled).
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Table 44

Multiple Linear Regression for Duration of Distress9 Months of Age

B SE /] t p
Constant 851.743 221.204 3.850 .001
Parental Distress -5.056 2.127 -.352 -2.377 .024
Authoritarian -132.531 49.823 -.394 -2.660 .012
Table 45
Multiple Linear Regression for Latency to Distres® Months of Age

B SE /] t p

Constant -24.741 7.172 -3.450 .002
Parent-Child Role 2.339 915 366 2.556 018
Responsibilities
Parent-Child
Dysfunctional .907 212 613 4.278 .000
Interaction
Table 46
Multiple Linear Regression for Latency to Distres® Months of Age

B SE B t p
Constant -50.902 25.421 -2.002 .058
Depression Scale 8.854 4.398 .360 2.013 .057
Authoritarian 12.495 5.933 377 2.106 .047
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Multi-Unit Frequency Histogram
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A total of 30 observations are plotted.

B = Cosrectly classified observation.

fd = Incorrectly classified observation.
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onforming : Latency 3 Months

™

C

Figure 1.An example multi-unit frequency histogram (multigrabased on contrived data for 3-

month latency to distress and %AT.
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B = Correctly classified observation. [ = Incorrectly classified observation.

Figure 2.Multigrams for Hypothesis 1. PCC aodalues are given below each figure.
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Figure 3.Figure 3.1 illustrates an individual match betw@&efT and latency to distress patterns

from 3 to 9 months. Figure 3.2 illustrates a simikat non-linear match. Figure 3.3 illustrates a

poor match.
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Figure 4. Examples of typical individual observations found the majority of matching

patterns. Overall PCC and c-values are given belaeth figure.
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Figure 5.Multigrams for Hypothesis 2. PCC aodalues are given below each figure.
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