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Psychobiological Mechanisms of Aggression in Youth
Sara Chiara Haden
(ABSTRACT)

Recently, models of aggressive behavior have begun to appreciate the influence of both
psychological and biological predictors of maladaptive behavior. The aim of the current project
was to clarify the roles that the noradrenergic system (i.e., norepinephrine metabolite, 3-
methoxy-4-hydroxyphenyglycol [MHPG]) and characteristics of the rearing environment play in
different expressions of aggression (i.e., hostile and instrumental). It was predicted that higher
concentrations of MHPG would be related to increased self-reports of aggressive behavior,
especially hostile forms, while expressing aggression during an analog aggression task would
lead to decreases in MHPG. It was also predicted that concentrations of MHPG would interact
with childhood environment characteristics to predict aggressive behavior in youth.

A sample of 68 male youth, aged 7 to 17, were recruited from two agencies in southwest
Virginia serving disadvantaged youth. They completed self-report measures on their childhood
environment, aggressive and delinquent behaviors, as well as exposure to community violence
and negative life events. In addition, youth played a challenging computer game with an alleged
“opponent” and lost. Half of the participants were able to retaliate after the game against their
“opponent.” Salivary MHPG was measured once before and three times after the game. A series
of ANOVAs and hierarchical regressions were conducted in order to test the main and interactive
effects of punitive childhood experiences and baseline MHPG on aggressive behavior. Findings
failed to support the primary predictions; however, results of supplemental analyses showed
significant associations of aggression with negative mood, negative family atmosphere, and

increased baseline MHPG after controlling for negative family atmosphere. Also, parental



punishment and rejection significantly predicted delinquency, and a significant interaction effect
indicated that higher recovery concentrations of MHPG placed rejected youth more at risk for
engaging in delinquent behavior. Results of the present study help to enhance understanding of
the differences in biological and psychological correlates of aggression and delinquency in at-

risk youth, and inform prevention and intervention efforts.
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Introduction

A recent report from the Bureau of Justice Statistics (BJS, 2003) estimated that over 60
violent crimes are committed daily. Adolescent and young adult antisocial behavior has been
linked to aggression and noncompliance in school-age years (e.g., Loeber et al., 1993; Moffitt,
1990) so it is critical that the potential warning signs of subsequent violent behavior are clearly
understood. To this end, the chief objective of the present research is to study the biological and
psychosocial variables that are associated with aggressive behavior in children'.

Models of Aggressive Behavior

Various etiological models of violence propensity describe how biological and
psychosocial factors influence emotion regulation leading to aggressive behavior. In Raine et
al.’s Biosocial Model of Violence (1997), genetics and environment influence both biological
and social risk factors of aggressive behavior. For example, a child’s home environment, history
of head injuries, socioeconomic status, hormonal/ neurochemical levels, and physiological
arousal have been related to subsequent violent behavior. Moffitt’s (1993) life-course-persistent
model of antisocial behavior predicts continuous antisocial behavior by linking children’s
neuropsychological functioning with hostile environments across development. Neural
developmental, temperament, parents’ cognitive ability, and social/structural aspects of the home
environment all impact the persistence of antisocial behaviors from childhood to adulthood.

Although these models highlight how different biological and environmental factors
influence the development of aggressive behavior, these factors are generally depicted as having
independent effects on violence propensity. To the author’s knowledge, it is rare for researchers
to focus solely on the intersection of these factors. However, Volavka’s (1999, 2002)

Intergenerational Model of Violence posits that one’s propensity for aggressive behavior

! For simplicity, both children and adolescents will be referred to as children throughout the paper.
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depends strictly on the interaction between one’s neurobiology and environment. Essentially
children inherit a propensity for violence, and both pre and perinatal events interact with genetic
factors to determine the likelihood that an individual will exhibit aggressive behavior (Volavka,
1999, 2002). Neurochemical traits, as well as rearing conditions, contribute to one’s overall
proclivity towards aggressive behavior. The intergenerational transmission model proposes
interactions among many of the factors that previous social and biological literature has found to
be predictive of aggressive behavior.

One of the main goals of the present research is to test such an interaction by exploring
how environmental (i.e., childhood abuse, neglect, trauma) and biological (i.e., salivary
metabolite of norepinephrine, 3-methoxy-4-hydroxyphenyglycol [MHPG]) factors influence
expressions of aggression in youth. A model is proposed for the present study stemming from
the work of Raine and colleagues (1997) and Volavka (2002). In general, it is proposed that
stressful experiences and one’s rearing environment impact noradrenergic functioning which is
reciprocally related to expressions of aggression. Prior to detailing these particular variables and
pathways, it is important to review how emotion regulation in children is related to the nature of
aggressive behavior and how this particular biological system is relevant.

Emotion Regulation, Aggressive Responses, and Psychobiological Correlates

Dysregulated emotional responses are central to a child’s expression of aggression.
Distinctions made among the types of aggressive behavior employed by children (hostile and
instrumental) have been related to particular types of dysregulated responses (Vitiello & Stoff,
1997). Hostile (or reactive) aggressive behavior is most often impulsive and characterized by
intense anger. Oftentimes, children who employ this type of aggression are motivated by the

desire to inflict harm rather than obtain some other goal. Children who display hostile
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aggressive behavior are characterized by decreased emotion regulation capacity, thus, an
increased level of emotional problems, especially anxiety and depression (Dodge, Ziegler, Mills,
Delehanty, & Berry, 1997; Scarpa, Hirai, & Hurley, 2002). Thus, hostile aggression might be
considered an over-reactive emotional response. The instrumental (or proactive) subtype of
aggression is not motivated by the desire to cause damage; rather, the aggressive behavior is used
to achieve some other goal (i.e., obtain money or other necessity). The child is characterized by
a relatively non-emotional display of aggression. A display of instrumental aggression may be
considered an overly controlled dysregulated emotional response to a provocation. This type of
aggression is associated with reductions in anxious arousal (Van Voorhees & Scarpa, 2002).
Similar distinctions regarding aggressive behavior have been made in the non-human animal
research (Eichelman, 1987). As such, hostile and instrumental distinctions may quite possibly
reflect two of the most fundamental forms of aggression in mammals. Although researchers
have argued that this distinction is unnecessary and even prevents advances in the research on
aggression (e.g., Bushman & Anderson, 2001), important biological processes have been
differentially associated with both forms, therefore, it is argued that the dichotomy is indeed
useful and can aid in the development of future aggression-related research.

As with aggression in general, research on emotion regulation in young children has
reported that both biological and behavioral processes influence their emotional reactivity to
stimuli (Keenan, 2000; Vitiello & Stoff, 1997). Regarding the biological processes, hostile
aggression may be linked to increased autonomic responding, decreased serotonergic activity,
and increased activity of the hypothalamic-pituitary-adrenal (HPA) axis, while the overly
controlled regulation of emotions may be related to psychophysiological underarousal (Scarpa &

Raine, 1997; 2000). These findings have led to the conclusion that unique physiological and
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neurochemical mechanisms may similarly be related to different aggressive responses in humans.
Regarding environmental influences, parental maltreatment, interadult violence, community
violence victimization, and a general history of abuse have been found to be predictive of
emotion dysregulation in children (Maughan & Cicchetti, 2002; Schwartz & Proctor, 2000;
Shields & Cicchetti, 2001). Specifically, physically abused impoverished, inner-city children
were found to be at a greater risk for hostile aggression than non-abused impoverished inner-city
children (Shields & Cicchetti, 2001). Experiences with maladaptive parenting have been related
to instrumental aggression in children and adolescents (Connor, Steingard, Cunningham,
Anderson, & Melloni, 2003). In female children, traumatic stress reported at an early age has
also been correlated with instrumental aggression (Connor et al., 2003). Therefore, both
environmental and biological factors seem to differentially impact the nature of aggressive
responses employed by children.

Despite the different findings regarding the impact of biological and environmental
factors on the nature of aggressive expressions, research has focused primarily on how these
factors influence aggressive behavior in general. The present study examines how experiences in
one’s home environment, exposure to traumatic events and violence, and noradrenergic
activation are associated with expressions of hostile and instrumental aggressive responses to
stressors. In general, these factors have been found to be predictive of aggressive behavior (as
described below). However, it is unclear how these factors impact the nature of aggressive
expressions.

The Noradrenergic System
The noradrenergic system primarily influences an organism’s arousal (Stanford, 2001). This

involves the sleep/wake cycle, as well as an organism’s ability to selectively attend to
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stimuli. Norepinephrine is created from specific amino acids that are prevalent in the human
brain and blood plasma or obtained from the diet. The inactivation process for
norepinephrine occurs in several ways. Some of the noradrenergic neurotransmitters are
taken back into the cytosol of the neuron and brought into the vesicles for storage and future
release (Webster, 2001). The majority of norepinephrine is catabolized into inactive
compounds by an enzyme called monoamine oxidase (MAQO) or catechol-O-methyl
transferase (COMT) (Stanford, 2001). The inactive compounds resulting from
norepinephrine’s catabolism include 3-methoxy-4-hydroxyphenyglycol (MHPG) and
vanillylmandelic acid (VMA, 3-methoxy-4-hydroxylmandelic acid). These metabolites can
be measured in the cerebral spinal fluid (CSF), blood plasma, urine, and saliva. The
activation of norepinephrine is the ratio of MHPG or VMA to norepinephrine (e.g.,
MHPG/NE) (Korzan, Summers, Ronan, Renner, & Summers, 2001). High activation implies
higher levels of MHPG than norepinephrine since noradrenergic receptors are being activated
at a high rate. Basically, the catabolism turnover rate of norepinephrine into its metabolites

1s faster.

Complexity of the Noradrenergic System
The noradrenergic system is indeed complex as it involves the interaction of a variety of
receptors, whose functions are not entirely clear. The role of noradrenergic synaptic
receptors is to recognize NE and activate its’ dependent ions. Specific presynaptic neurons
release NE which then binds to a postsynaptic neuron’s receptor and permits an ion channel
to open, thus releasing specific ions into or out of the postsynaptic cell (Carlson, 2001). The
postsynaptic receptor on the cell must recognize NE and then consequently alters the
biochemical state of the postsynaptic cell in which it is a part of (Kandel, 1991). Therefore,

the function of NE depends on the type of receptor on which it binds. This receptor can have
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either an excitatory or inhibitory effect on its cell. Two main classes of noradrenergic
receptors that have been discovered thus far include the a-type (with a | [a 14, @ 1B, 0 1p] and
o2 [0 24D, O 28, O 2c] subtypes) and B-type (with By, B2, and B3 subtypes). Research regarding
the action of these receptors is conflicting. While it has been proposed that the a- or B-type
receptors are generally excitatory (Stanford, 2001), a number of subtypes have been reported
to be inhibitory including the a, subtype (Minneman, 1981) and o ,4/p (Stanford, 2001).
Moreover, some receptors are found on both pre- and postsynaptic cells therefore, making its

action even more complicated.

These complexities certainly have implications for behavior. For example, Pohl and
colleagues (1990) found that panic symptoms were mediated by the -type receptors. A
variant of the [3,-type receptor has been implicated in hypertension in certain cultures
(Kotanko et al., 1997). A decreased affinity of a, type receptors to bind with noradrenergic
agonists have been reported in patients with generalized anxiety disorder (e.g., Cameron et
al., 1990); however, more binding sites for agonists were found in these receptors for patients

diagnosed with obsessive compulsive disorder (Lee et al., 1990).

The functional anatomy of the noradrenergic system is also intricate. Compared to other
catecholaminergic systems that are more localized and have restricted distributions, the
noradrenergic system has considerably more wide-spread projections throughout the central
(CNS) and peripheral nervous systems (PNS) (Glover, 1994). Concentrations of
norepinephrine can be found throughout the brain. Noradrenergic cell bodies are in the CNS
and most are located in the reticular formation of the pons and medulla (a;, az, 1, and B>-type
of receptors) and hypothalamus (B3 receptors) (Giacobino, 1995). The locus coeruleus holds
most of these cell bodies from which the majority of noradrenergic pathways originate from
traveling to both the cortex and cerebellum. The locus coeruleus controls projections to the
frontal cortex, hippocampus, and olfactory bulb. The brainstem nucleus also sends extensive

projections throughout the nervous system and is considered the primary source of
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noradrenergic innervation of the forebrain, while the lateral tegmentum storage area projects
to the lower brainstem and dorsal medulla (Berridge & Waterhouse, 2003; Deutch & Roth,
1999). Lesions in the nucleus locus coeruleus of nonhuman primates result in heightened
norepinephrine turnover in the hypothalamus and amygdala which has implications for
psychological stress responses in humans (Redmond & Huang, 1979). Intense stressors such
as footshock actually increase the release of NE from the locus coeruleus within seconds of
administering the stress. NE is then projected to the hypothalamus, cerebral cortex, and
hippocampus to initiate the stress response which is found to precipitate, and possibly
aggravate, mental symptoms (Svensson, 1987). The biological changes accompanying the
NE projections characterize the fight-or-flight response (De Bellis & Putnam, 1994). This
activation is also accompanied by other changes including increases in the turnover of other
catecholamines, sympathetic nervous system, and the adrenal medulla secreting cortisol and
epinephrine. The organism’s heart rate, blood pressure, and metabolic rate are elevated due
to this activity. Structurally, the locus coeruleus stimulates the amygdala (regulating emotion
and anxiety) which then stimulates the hypothalamus releasing corticotrpin-releasing
hormone (CRH). This, in turn, leads to the secretion of other hormones and
neurotransmitters eventually guiding heightened attention and cognitive processes required to

cope with the perceived stressor.

Norepinephrine is not only used at CNS synapses. It can also be found in the PNS and, in
particular, is released by postganglionic neurons of the sympathetic branch of the autonomic
nervous system (Stern, Ray, & Quigley, 2001). Acetylcholine released from preganglionic
neurons helps to stimulate action potentials in the postganglionic neurons to release NE onto
target organs, muscles, and glands (with the exception of sweat glands where acetylcholine is
the neurotransmitter released). The action of NE can be either excitatory or inhibitory in this
system as well. For example, excitatory actions include: stimulation of heart rate, rises in

blood pressure, dilation of the pupils, trachea, and bronchi, and stimulation of liver
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glycogenolisis. Inhibitory actions include slowing down peristalsis of the gastrointestinal

tract as well as bladder and rectum contractions.

For the present study, it is important to note racial effects that have been examined in relation
to catecholamine levels. Findings have been mixed, so there is no definitive conclusion
regarding race differences in catecholamine levels presently. Dimsdale and colleagues
(1990) found no differences in plasma concentrations of NE in white and black hyper- and
normotensive men. Rowlands et al. (1982) also found that resting plasma NE levels were
similar for untreated black and white mild- and hypertension patients. More recently, levels
of plasma catecholamines before and after acute stress tasks were found to be similar for
black and white men and women (Gillan et al., 1996). However, in a study of children aged
10 to 17 years of hypertensive parents, post exercise plasma levels of NE were lower for
black children than for white children (Hohn et al., 1983). Arguably, the lack of consistent
findings regarding race differences in catecholamines may be due to the lack of its systematic

measurement and comparisons across different types of samples.
3-methoxy-4-hydroxy-phenylglycol (MHPG)

In the present study, measures of a metabolite of NE, MHPG, are taken. MHPG has been
used as a measure of noradrenergic activation in various studies. For example, panic patients
showed greater declines in MHPG following administration of an antagonist than control
subjects (Abelson & Cameron, 1994). The present study employed salivary measures of
MHPG. This is a recent way of determining central NE levels via a non-invasive procedure,
especially in studies involving children. Salivary MHPG has been found to be highly
correlated with plasma MHPG (7=.46, Drebing, Freedman, Waldo, & Gerhardt, 1989) as well
as CSF MHPG (=.76, Reuster, Rilke, & Ochler, 2002). Salivary concentrations of VMA,
another metabolite of NE, have not been significantly correlated to these measures. The

rationale for using salivary MHPG is that it actually reflects both plasma MHPG levels



Psychobiological Mechanisms 9

(which the brain contributes 30% towards, Kopin et al., 1984) as well as local MHPG
synthesis. Saliva itself is partially derived from blood and, therefore, saliva is related to
plasma (Drebing et al., 1989). Salivary measures of MHPG are considered valuable in
detecting pathological anxiety (Yamada et al., 2000) and as adequate markers for testing
improvement in mental status after administering a noradrenergic agonist (Reuster, Buechler,
Winiecki, & Oehler, 2003). In fact, salivary MHPG in college students has been found to
increase in response to stress prior to taking an academic exam (McClelland, Ross, & Patel,
1985). This increase was also related to increased anxiety and depressed immune
functioning. In general, salivary MHPG may provide a satisfactory non-invasive measure of

central noradrenergic functioning.

The Proposed Model

The present project focused on relationships between stress, rearing environment factors,
MHPG levels, and aggression. The proposed model (see Figure 1) illustrates the predicted
significant relationships that will be tested: 1) Stressful provocations will impact the
noradrenergic system resulting in higher levels of MHPG. 2) Characteristics of the rearing
environment will have a significant impact on this system. Specifically, more physical
abuse/punishment in the rearing environment will increase MHPG, while more
neglect/parent rejection will decrease MHPG. 3) Expressing aggression will lower MHPG
and high MHPG will increase aggressive expressions. Moreover, significant relationships
between MHPG and degrees of hostile and instrumental aggression are predicted. In
particular, it is presumed that more hostile, over-reactive, forms of aggression would be
linked with higher MHPG while more instrumental, over-controlled, forms would be

associated with lower MHPG. Evidence for these three relationships will now be explored.
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Exposure to Stressors and Norepinephrine

Norepinephrine is necessary for maintaining the alert waking state of organisms and
responding to stressors (i.e., seeing a rival, experiencing a traumatic event) (Berridge &
Waterhouse, 2003). The entire catecholaminergic system (norepinephrine, dopamine, and
epinephrine) is among the fastest neurochemical systems to react (Haller, Makara, & Kruk,
1998). Research has also shown that the levels of norepinephrine increase when an organism
is exposed to noise, new events, or the sight of a rival (Haller & Barna, 1995). Overall,
norepinephrine plays an important role in an organism’s ability to collect and process
information that is most significant or relevant to its well-being. Therefore, an increase in
noradrenergic activation is generally found in response to stressful provocations (reviewed
by Charney, Deutch, Krystal, Southwick, & Davis, 1993). In fact, direct and indirect
activation of the sympathetic nervous system leads to increases in central and peripheral
catecholaminergic turnover. It is important to review how psychological stress induced in

the lab for human animals is also related to noradrenergic responses.

Psychological stress in humans activates catecholamine release (Nelesen & Ziegler, 1994).
An increase in catecholamines (as well as adrenocorticotropic hormone and cortisol) in
response to stress is considered a coping strategy involving HPA axis activation and
sympathetic system reaction (Gerra et al., 1997). These catecholaminergic changes are
reflected in both the central and peripheral nervous systems (Abercrombie & Zigmond,
1995). Stress induced in lab experiments has been found to impact this system. For
example, asking research participants to perform mental arithmetic resulted in immediate
increases in plasma NE for diagnosis-free individuals as well as those diagnosed with

schizophrenia, anxiety, and depression disorders (Albus, Miiller-Spahn, Ackenheil, & Engel,
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1987). These increases were pronounced in response to this stressor task as opposed
exposure to 95dB noise tones. Recently, it was shown that mild psychological stress induced
by a competitive video game (participants were asked to kill as many enemies as possibly
before being killed) resulted in high a-amylase concentrations (a correlate of plasma
catecholamines, 7=.64) in the saliva immediately after, as well as 20 minutes after playing

(Skosnik, Chatterton, Jr., Swisher, & Park, 2000).

An interesting pair of studies conducted by Fukuda and colleagues (1996) examined plasma
MHPG in relation to self-reported psychological stress on the Psychological Stress Response
Scale. Although they found that plasma MHPG was unrelated to perceived psychological
stress in their cross-sectional study, in the single case longitudinal study of a college female
Olympic swimmer, plasma MHPG was significantly correlated with psychological stress.
The authors argued that in the latter study, the stress due to competing was more pronounced

and thus resulted in higher levels of this metabolite.

Rearing Environment and Norepinephrine

In general, the noradrenergic system is involved with how a child regulates his/her
experience with the environment. Therefore, it is no doubt that intense stressors such as
community violence, familial abuse, and trauma impact this system. In fact, psychological
trauma experienced during the early years of life may result in (permanent) alterations of
behavioral and neurochemical responsiveness (Cicchetti, 2003; Rogeness & McClure, 1996).
However, it seems that noradrenergic functioning depends on the type of early traumatic
experiences. Essentially, children who experience familial abuse and/or frequent “active”

traumas (e.g., sexual abuse), tend to have a more active noradrenergic system than children who
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do not experience such events. On the other hand, children who report neglect in their home
environment, tend to have lower activation of this system than non-neglected children.

Regarding increases in noradrenergic activation, baseline levels of catecholamines tend to
be high in traumatized children (De Bellis & Putnam, 1994). In particular, De Bellis and his
colleagues (1994) found that sexually abused girls excreted significantly greater amounts of NE
and MHPG in urine than a control group of girls. In a more recent study, children who 1)
experienced physical/sexual abuse or witnessed domestic violence, 2) experienced severe
maltreatment per Child Protective Services, and 3) met the Diagnostic Statistical Manual for
Mental Disorders (DSM-IV, APA, 2000) posttraumatic stress disorder (PTSD) criteria excreted
significantly greater urinary levels of norepinephrine concentrations than a group of healthy
controls (De Bellis et al., 1999). Moreover, levels were positively correlated with the duration of
the maltreatment. In general, children who have experienced traumas and those meeting DSM-
IV criteria for post-traumatic stress disorder have abnormally high levels of NE/MHPG

suggesting chronic hyperarousal.

The impact of childhood neglect on the noradrenergic system is different from that of
childhood abuse/trauma. Childhood neglect generally involves less “active” trauma in that the
child is generally not attended to and provided for. This is differentiated from abuse since, in the
latter, the child is not deprived of attention per say, albeit, the attention in the form of abuse is no
doubt maladaptive and detrimental to any child. Rogeness and colleagues (1989, 1990, 1991)
have conducted a series of studies examining how the noradrenergic system is influenced by
environmental stressors. In general, they have found that children with a history of neglect, as
opposed to only abuse or neglect and abuse, show low noradrenergic activation. In particular, in

a group of neglected boys, 24 hour urinary levels of norepinephrine were lower than that of a
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group of boys without a history of neglect (Rogeness, 1991). In fact, the effect of neglect on
noradrenergic functioning was stronger than that of abuse (Rogeness, Amrung, Macedo, Harris,
& Fischer, 1986). In accordance with Kraemer’s (1992) theory of maternal attachment and
noradrenergic functioning, maternal deprivation was found to predict difficulties with future
social separation situations as well as the dysregulation of biogenic amine systems, especially
norepinephrine.

These studies provide support for the notion that a child’s exposure to traumatic events
and violence, experience with childhood abuse, and neglect impact noradrenergic activation.
The present study seeks to replicate these findings by examining the effects of physical
punishment and parental rejection, and their effects on the expression of aggressive behavior in
children.

Aggression and Norepinephrine

Most often, reviews of the neurochemical correlates of aggressive behavior describe a
positive relationship between levels of norepinephrine and aggression (e.g., Coccaro &
Kavoussi, 1996; Kavoussi, Armstead, & Coccaro, 1997; Raine, 1993; Volavka 1997, 1999,
2001). A series of studies conducted by Gerra and his colleagues (1997, 1999, 2001) support
this conclusion. In their analog aggression experiments, participants compete in a free-operant
game such that they earn money by pressing a button and are subsequently provoked by the
subtraction of money attributed to a fictitious competitor. Aggressive behavior in response to the
provocation and levels of plasma NE are measured. Participants rated as aggressive on self-
report measures tended to have increased levels of plasma NE and more severe aggressive
responses to provocations. Pharmacological studies have also reported that noradrenergic
antagonists are beneficial in decreasing violent outbursts in multiple patient populations (e.g.,

Silver et al., 1999). Observation and self-report measures of aggression have also found a
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positive relationship with levels of norepinephrine (e.g., Brown, Goodwin, Ballenger, & Goyer,
1981; Placidi et al., 2001).

Although past research regarding the relationship between norepinephrine and aggression
is informative, many questions remain unanswered. First, it is unclear whether elevations in
norepinephrine can be attributed to generic stressful experiences or the actual aggressive
response. Research using non-human animals has been able to differentiate between
noradrenergic activation in response to the stressful experience and as a symptom of the
aggressive behavior. Tsuda et al. (1988) along with Tanaka, Yoshida, Tomita, & Tanaka (1998)
conducted experiments with rats such that the effect of aggressive behavior upon the activation
of norepinephrine was isolated from that of the stressor. In one study, half of the rats were only
subjected to restraint stress (immobilizing rats in the supine position for a period of ten minutes),
while the other half were jabbed at with a stick and able to express their aggression by biting it
(Tsuda et al., 1988). Immediately upon the rats’ release, both groups showed similar levels of
MHPG; however, when measured fifty minutes post-stress, MHPG and norepinephrine levels
were significantly lower for biters than the non-biters. In a similar study, rats were subjected to a
cold restraint stress (restricting rats in a box filled with shaved ice) for a period of one hour and
half were given the opportunity to express aggression by biting a stick (Tanaka et al., 1998).
Both biters and non-biters showed increases in extracellular noradrenergic levels following the
stress. However, the elevation of amygdalar norepinephrine in the non-biting group remained
significantly higher than the biting group throughout the stressor and over an hour after its
termination. Moreover, norepinephrine levels of the biting group, unlike the non-biting group,
returned to basal levels immediately following the cessation of stress and expression of
aggression. It is argued that the expression of aggression during stress exposure attenuated the
increase of noradrenergic activation. It seems that engaging in aggressive behavior might
decrease the activation of norepinephrine caused by a stressful experience. It may also be the
case that humans’ expressions of aggression may be an attempt at self regulating and thereby an

effort to reduce the stressful experience. To the author’s knowledge, experiments involving
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isolating the impact of aggressive behavior on noradrenergic levels from the impact of stress
have not been conducted using human samples. Although it would be highly unethical to subject
humans to similar experimental designs, it is possible to stress humans using suitable laboratory
paradigms and only give half of the sample an opportunity to respond to the experience
aggressively.

Second, to the author’s knowledge, research regarding the noradrenergic correlates to
aggressive behavior has failed to differentiate between hostile and instrumental expressions of
aggression. Although, Bushman and Anderson (2001) argue that this dichotomous view of
aggression is limited, given the physiological and biological differences related to degrees of
these to forms, it would be worthwhile to understand how they are linked to noradrenergic
activation. In general, it is believed that data have supported a stronger relationship between
certain biological factors and the hostile, rather than the instrumental, subtype of aggression
(Coccaro & McNamee, 1998). However, this may be due to the focus on more hostile
aggressive behaviors. For example, many studies evaluating the link between neurochemical and
aggressive behavior use violent patient samples (Brown et al., 1981). In these cases, aggression
is measured by physical fights with staff and other hospital members, as well as other more of
hostile forms of aggression. Pharmacological studies generally examine the effects of
noradrenergic antagonists on overt reactive aggression in patients (e.g., Yudofsky, Williams, &
Gorman, 1981). Research regarding the relationship between noradrenergic activation and
aggressive behavior may be more informative if the nature of the aggressive behavior was
considered.

Third, the environmental impact on the noradrenergic system, as well as the aggressive
behavior, has not been studied in relation to the norepinephrine-aggression connection. In
general, studies have only reported on this relationship and have not included data regarding any
environmental factors that might influence noradrenergic activation and the expression of
aggression.

Present Study
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The major purpose of the present study is to extend the research regarding the
psychobiological correlates of aggressive responses in children by examining the impact of the
noradrenergic functioning, traumatic experiences, childhood abuse, and childhood neglect on
responses to stress. Specifically, the three objectives are to: 1) focus on separating the stress and
aggressive response to understand their relationship with MHPG, 2) explore how hostile and
instrumental aggression are related to stress and MHPG, and 3) evaluate how rearing
environment impacts MHPG and its relationship with aggression.

Children participated in an analog aggression task in which some participants had the
opportunity to respond aggressively to stressful provocations they experienced during the task.
Salivary MHPG was collected before and several times after the task. Self-report measures of
aggressive behaviors, rearing environment, community violence exposure, and negative life
events were also gathered. By gathering behavioral, neurochemical, and self-report measures,
the present study addresses these specific research questions and tests their respective
hypotheses:

Aim 1: Stress and Aggression on MHPG

The primary aim of the project is to evaluate the independent effects of stress and
aggressive expressions on noradrenergic functioning. In order to test this, the author will test the
following hypothesis:

1. What is the relationship between self-reported general aggressive behavior and

salivary MHPG? Although previous research has not examined salivary measures, it
has been found that CSF, plasma, and urinary norepinephrine is positively related to

self-reported aggression (e.g., Brown et al., 1981; Gerra et al., 1997; Placidi et al.,
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2001), it is predicted that there will be a positive relationship between general
aggressive behavior and salivary measures.

2. How is salivary MHPG associated with stressful experiences in youth? Consistent
with previous research using urinary, plasma, and CSF measures of norepinephrine
and MHPG (Berridge & Waterhouse, 2003; Charney et al., 1993), it is hypothesized
that there will be increases in levels of salivary MHPG when children experience a
mild laboratory stressor.

3. Are there differences in salivary levels of MHPG between the stress-only and
expressed-aggression groups? Consistent with the non-human animal research, it is
hypothesized that both groups will have an increase in salivary MHPG shortly after
the task; however, it is predicted that the levels for the stress-only group will decrease
at a slower rate than those given the opportunity to express their aggression, such that
post measures of salivary MHPG will be higher from the stress-only group than the
expressed-aggression group.

Aim 2: Hostile and Instrumental Aggression on MHPG

The second aim of the project explores how hostile and instrumental expressions of
aggression are related to noradrenergic functioning and the following research question and
respective hypothesis is addressed:

1. Is there a difference in salivary MHPG levels based on a) type of aggression

expressed in response to stress and b)degree of self-reported hostile and instrumental

aggression? Since hostile aggression is generally considered an overly emotional
response accompanied by high physiological arousal (Scarpa & Raine, 2000), it is

predicted that children who engage in and report more hostile aggressive responses to
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stress will have higher salivary levels than those engaging in and reporting instrumental

aggressive responses.

Aim 3: Rearing Environment and MHPG

The third aim of the project is to evaluate how aspects of the rearing environment are

related to baseline MHPG and aggression. The following research questions and hypotheses are
proposed:

1. How does the child’s home environment influence baseline levels of salivary MHPG?
Consistent with previous research, it is hypothesized that children who report more
physical punishment in their home will have higher levels than those not reporting
abuse (De Bellis et al., 1994). In addition, children who report parental rejection will
have lower levels of salivary MHPG than those children not reporting rejection
(Rogeness, 1991).

2. What is the relationship between traumatic/violent experiences and baseline salivary
levels? Consistent with previous research, it is hypothesized that a positive
relationship exists between negative experiences or direct exposure to victimization in
the child’s community and salivary MHPG (De Bellis et al., 1994).

3. Is there an interaction between home environment and salivary MHPG levels that
influences the nature of aggressive behavior? In particular, do children who have
been abused or neglected in their families respond differently to stressful
provocations based on their baseline salivary MHPG levels? Since the home
environment is not an independent predictor of aggressive behavior (Raine et al.,
1997; Volavka, 2002), it is hypothesized that salivary MHPG levels will impact the

home environment-aggressive behavior relationship. In particular, since
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noradrenergic activation is a response to stress, it is hypothesized that the relationship
between family environment and overall aggressive behavior will be strongest when

children have high concentrations of baseline salivary MHPG.
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Method
Participants

The sample consisted of 68 youth recruited from two primary sites, Hunton Inc. (N=54)
and Tekoa Inc. (NV=14). Hunton Inc. is a community service organization for local disadvantaged
youth in Lynchburg, Va. Parent permission was obtained prior to recruiting youth from this site
(Appendix J or K). Tekoa Inc. is a residential treatment center for youth in the New River
Valley community. Youth from Tekoa Inc. were in custody of the Department of Social
Services. Therefore, social worker permission was obtained prior to recruiting children from this
site (Appendix L or M). Descriptive information for all the measures in this sample can be found
in Table 1.

The sample ranged in age from 7 to 17 years (M=12.57, SD=2.46). It was comprised of
primarily Black youth (N=54, 79.6%), followed by 12 White participants (17.6%) and 2 Hispanic
youth (2.9%). All of the Black participants were recruited from Hunton Inc., while the White
and Hispanic youth were recruited from Tekoa Inc. All of the children attended school at the
time of testing with current grades ranging from 2™ to 12". The majority were in 6™ grade
(N=17, 25%), followed by Sth, 9th, and 10™ (N=8 for each, 35.4%)), 7" and 8™ (N=6 for each,
17.6%), 3 and 4™ (N=4 for each, 11.8%), 11" (N=3, 4.4%), and the 2™ and 12" grades (N=2 for
each, 5.8%).

The majority of the sample reported that their primary parent was their biological mother
(N=55, 80.9%)), followed by biological father or grandmother (N=4 each, 11.8%), grandmother,
aunt (N=3, 4.4%), and foster mother (N=2, 2.9%). Of those living with their biological mothers,
13 also reported living with their biological father, 10 with their step fathers, 4 also with

grandmother, 2 with their uncles, and 1 also living with their foster father. Of those who
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identified a mother figure, 51 (75%) reported that she had a job, while of those who reported a
father figure, 42 (63.6%) reported that he had a job.

Participants were randomly assigned by the computer to either the stress-only (N=29,
45.3%) or expressed aggression groups (N=37, 56.1), including the hostile (N=19, 28.8%) or
instrumental (N=18, 27.3%) groups. Two of the participants withdrew from the study prior to
assignment of groups.

Measures

Demographic Questionnaire (Appendix A). Participants were asked questions regarding
their background including age, education, family’s socioeconomic status, etc. described above.

Screening Questionnaire (Appendix B). Participants were asked about their recent habits
such as sleep, food/drinks consumed, etc. that may interfere with salivary measures of
norepinephrine.

Hostile and Instrumental Aggressive Responses. Participants were asked to play a
computerized game (The Key Game) designed by the researcher. The goal of the game was to
earn money by tapping the spacebar key faster than a fictional “opponent” over the internet. The
game was piloted with a subset of participants and was considered a stressful task for the
participants. They were instructed that the first participant (either themselves or their
“opponent”) to win five trials would be able to either send blasts of noise or take away their
“opponent’s” winnings. However, participants were only able to win four trials. The game
consisted of 20 trials and every participant won money during the first several trials (Trials 1, 3,
4, and 5), lost Trial 2 and consequently lost all the money during remaining trials. Thus, the

“opponent” took away the participant’s winnings in addition to sending blasts of noise through a

speaker. This served as a stressor for the participant.
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At the end of the game, each participant was told that the opponent had won. Based on
random assignment by the computer game, 56.1% (N=35) of the participants had the opportunity
to respond aggressively to the “opponent” as described below while viewing the winning
opponent’s next game with another player (Expressed Aggression group). The remaining 43.9%
of participants did not have an opportunity to respond aggressively to their “opponent,” and thus
did not have the opportunity to retaliate (Stress Only group, N=29). Of the Expressed
Aggression group, participants were randomly assigned to either send blasts of noise while
viewing the next game (Expressed Hostile Aggression group, 51.4%, N=17) or take away their
“opponent’s” winnings (Expressed Instrumental Aggression group, 48.6%, N=18). The
Expressed Hostile Aggression group sent a mean of 29.35 (SD=30.82) blasts, ranging from 0 to
112 blasts. The Expressed Instrumental Aggression group took an average of $16.73
(8SD=14.63), ranging from $0 to $50.

Mood and Intent Surveys (Appendix C). All of the participants answered a survey
regarding how they felt before, during, and after the task. The majority of participants answered
‘yes’ that they liked the game (N=51, 75%). Moreover, participants indicated significant
changes in their mood using a scale ranging from 0 (“not much at all”) to 4 (“very very much”)
for the various moods (i.e., frustrated, angry, nervous, bored, excited, happy, sad) (see Table 2).
In particular, they reported feeling more nervous prior to the game than afterwards (#(66)=2.68,
p=.01). During the game, they reported feeling more frustrated (2(66)=-6.71, p<.01), angry
(1(66)=-4.77, p<.01), and excited (#(66)=-2.47, p=.02) than prior to the game. They also felt
more frustrated (#(66)=-3.97, p<.01) and angry (#66)=-3.26, p<.01) after the game than

beforehand. After the game, they reported feeling less frustrated (#(66)=2.74, p=.01), angry
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(1(66)=2.24, p=.03), nervous (#(66)=2.49, p=.02), and excited (#(66)=3.06, p<.01) than during the
game.

To assess attributions of intent, the participants were also asked what they believed
motivated their opponent to remove points or blast them with noise throughout the game. The
majority attributed instrumental motives to the “opponent” taking their money away (N=48,
71.6%) and sending them blasts of noise (N=42, 62.7%). For example, one child stated that “he
wanted to make money,” while another child attributed to noise blasts to “wanting to beat me
and make money.” Similarly, those in the Expressed Aggression group were asked motives for
their own behavior during and after the game. Responses were coded as hostile if the response
indicated a malicious, vindictive, or primarily penalizing purpose. Responses were coded as
instrumental if the child indicated a purposeful, goal-directed reason including trying to win the
game. In both the Expressed Hostile and Instrumental Aggression groups, participants’ reasons
for taking money away from the “opponent” and sending noise to the “opponent” tended to be
characterized by instrumental aggression (N=10, 58.8% and N=11, 55%, respectively). For
example, many participants reported taking money away or sending blasts of noise to make the
“opponent” lose because the “opponent” beat the participant.

Salivary Noradrenergic Functioning (Appendix D). Salivary measures of a metabolite of
norepinephrine, 3-methoxy-4-hydroxyphenyglycol (MHPG), were taken prior to the beginning
of the game (baseline), directly after the game (post), as well as 10 (10 post) and 40 (40 post)
minutes after the game had ended. The participant was asked to soak a piece of gauze in his
mouth for 60 seconds, which he then placed in a test tube. Levels of MHPG were recorded
across the four times. Saliva samples were stored in a freezer at 0 degrees Fahrenheit

immediately upon collection of all four samples. Approximately 500 micro liters of saliva were
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extracted and analyzed with high performance liquid chromatography using electrochemical
detection (HPLC-ECD). The assay method used was developed at the toxicology lab of the
Virginia-Maryland Regional College of Veterinary Medicine (see Appendix D). Each sample
was calculated using the same method and was read off identical standard curves.
Concentrations of MHPG were measured in moles per liters (mol/L). Baseline levels ranged
from 7.7E-09 to 8.8E-08 mol/L (M=3.6E-08, SD=1.83E-08). Post game MHPG levels ranged
from 2.1E-09 to 7.9E-08 mol/L (M=3.6E-08, SD=1.8E-08). Post 10 MHPG levels ranged from
3.6E-09 to 8.5E-08 mol/L (M=3.2E-08, SD=1.6E-08). Post 40 MHPG levels ranged from 1.5E-
09 to 6.2 E-08 mol/L (M=3.0E-08, SD=1.37E-08).

Self Behavior Rating Form (SBR; Appendix E). Participants were asked to complete the
SBR to assess for the presence of hostile and instrumental aggression (Brown, Atkins, Osbourne,
& Milnanow, 1996). This is a modified version of the original scale that was validated by
teachers. The child reported on his own behavior and indicated how often (1=never,
2=sometimes, 3=very often) he shows each behavior (e.g., “does sneaky things,” “fights with
other children for no good reason”). A separate sum for overall, hostile, and instrumental
aggressive behavior was calculated. The Hostile scale consisted of 6 items and demonstrated
good reliability (Cronbach alpha=.78). Scores ranged from 5 to 17 (M=9.06, SD=2.46). The
Instrumental scale consisted of 10 items and demonstrated good reliability (Cronbach
alpha=.68). Scores ranged from 10 to 23 (M=14.02, SD=3.20). The overall aggression score
was the sum of all the hostile and instrumental items and ranged from 16 to 40 (M=23.07,
SD=5.19), with a Cronbach alpha of .78.

Self Proactive and Reactive Aggression Scale (PRA-Self, Appendix F). The PRA-Self is

an alternative measure of emotional/hostile (i.e. reactive) and instrumental (i.e., proactive)
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aggression used, consisting of 3 items each (Dodge, 2003). The participant responded to each
item on a 5 point scale depending on the extent to which the statement applies ranging from 1
(‘never true’) to 5 (‘almost always true’). Separate sums were computed for overall, hostile, and
instrumental aggression. The Hostile scale ranged from 3 to 14 (M=7.81, SD=2.92) with an
internal consistency of .43. The Instrumental scale ranged from 3 to 11 (M=4.44, SD=2.22) with
an internal consistency of .68. The overall aggression scores ranged from 6 to 21 (M=12.27,
SD=4.38) with an internal consistency of .60.

Assessing Environments Il (AEQIII). In order to measure the participant’s experience
with childhood rejection and abuse in the family, participants were asked to complete three
scales from the Assessing Environments III (Berger, Knutson, Mehm, & Perkins, 1984): Feeling
of Parental Rejection with 7 items (e.g., “I think my mother has a good attitude toward me.
[reversed]”), Physical Punishment with 12 items, (e.g., “I was physically abused by my parents
when I was a child.”) and Negative Family Atmosphere with 8 items (e.g., “My parents were
always very supportive of me [reversed].”). Cronbach alphas showed poor to moderate
reliability, .39, .65, .56, respectively. Two items from the Feeling of Parental Rejection scale
were dropped — “I never felt my parents really loved me” and “My parents used to hold me on
their laps (reversed)”. It is possible that these items may have been confusing to participants.
Removing these items resulted in an improved Cronbach alpha of .60. Sum scores were
calculated for each scale. Scores for modified Feeling of Parental Rejection ranged from 0 to 4
(M=.53, SD=1.11). Scores for the Physical Punishment scale ranged from 0 to 8 (M=2.14,
SD=1.94). Severe physical punishment has been defined as endorsing five or more items on the
AEQ (Knutson & Selner, 1994). The prevalence rate for the present sample endorsing five or

more items on the physical punishment scale was 10.5% which is comparable to past reports
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ranging from 8.5-10.5%. Scores for the Negative Family Atmosphere scale ranged from 0 to 7
(M=1.71, SD=1.63).

Self-Reported Delinquency Scale (SRDS; Appendix G). The SRDS is a 13 item survey
measuring the child’s frequency of self-reported offenses (e.g., “Have you taken part in ‘gang
fights’?””) (Elliott & Voss, 1974). The participants indicated how often they had engaged in each
behavior from 1 (“no”) to 4 (“very often.)” The SRDS is considered a valid measure of self-
reported delinquency and shows good reliability (.88). Although some underreporting has been
found, Elliott and Voss (1974) argue that the SRDS is a valid indicator of the nature and extent
of participant’s involvement in delinquent activities. A sum delinquency score was calculated
for the present project as an alternative way of measuring aggression and other antisocial
behavior and ranged from 13 to 44 (M=18.94, SD=7.14).

Life Events Checklist (LEC, Appendix H). The LEC (Johnson & McCutcheon, 1980) was
completed by participants to assess their experiences with significant positive or negative life
events. The LEC lists 46 different events likely to have been experienced by young people. The
participant indicated whether he experienced such an event and then was asked whether it was a
“positive” or “negative” event. The amount of impact the event had on his life was then rated
(0="no effect,” 1="some effect,” 2="moderate effect,” or 3="great effect”). Total ‘positive life
change’ and ‘negative life change’ scores were computed by summing the level of impact for
each type of event as either a positive or negative event. Participants reported experiencing 1 to
11 events characterized as ‘positive’ with a mean number of 5.08 events (SD=2.54). The
corresponding life change score ranged from 1 to 12 (M=5.20, SD=2.64). Regarding events
perceived as negative, participants reported experiencing 1 to 18 such events (M=6.48, SD=4.15)

with life change scores ranging from 1 to 18 (M=6.45, SD=4.13).
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Community Violence Exposure (CREV, Appendix I). In order to measure experiences
with violence that participants had been exposed to in their community, they were asked to
complete the CREV. This survey contains a list of 32 violent incidents in the community in
which the participants report their lifetime frequency of having directly experienced, witnessed,
or heard about (Cooley, Turner, & Beidel, 1995). Only direct victimization was included in the
primary analyses for the present project. Participants report how often from “no/never” (0) to
“everyday” (4) they have been the victim of being chased or threatened with bodily harm, beaten
up, robbed/mugged, shot, or stabbed. This scale included 4 items and ranged from 0 to 8
(M=2.28, SD=2.43). This scale showed a poor internal reliability of .42 as expected given the
diverse nature of the questions. The total sum of participants’ lifetime frequency of
victimizations in their community was also calculated and ranged from 6 to 75 (M=32.94,
SD=18.04).

Procedure

The procedure lasted approximately 1 hour and consisted of the participant
questionnaires, the computer game, and physiological assessment. Youth were offered the
opportunity to participate after receiving the parents’ or social workers’ permission (Appendix [
and Appendix J). Once the participant arrived to the testing session, the study was described and
he was asked to give assent to participate in the project (Appendix K and Appendix L). In most
instances, at least one research assistant ran the research session and another was available to
read the items to the participant. A research assistant also screened for invalid responses after
data was collected. An initial salivary sample was collected and served as the arrival MHPG
measure. Arrival measures were not assayed for the current study. Participants completed a

portion of the measures (the order of surveys was randomized prior to the sessions). A salivary
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baseline MHPG sample was collected after completing the pre-game mood questions whereby
the participant sat for a 3 minute rest period and then the salivary sample was collected.
Participants were then instructed on how to play the Key Game. After the completion of the
game, participants were randomly selected into the Expressed Aggression Group and observed
their former “opponent” play another game. They were either randomly selected into the
Expressed Hostile Aggression Group (i.e., sending the blasts of noise) or Expressed Instrumental
Aggression Group (i.e., removing their “opponent’s” points). The computer screen directed all
the Expressed Aggression participants, “Your opponent just beat you and you have lost all of
your money. Now you can get a chance to get him back while he plays someone else. Wait until
the next game starts on your screen.” For the Expressed Hostile Aggression Group, the screen
read “Now you can send him blasts of noise,” while participants in the Expressed Instrument
Aggression Group read “Now you can take his money.” The screen then displayed a new
window upon which they could move their cursor to click the amount of money or sounds they
wanted to send throughout the three trials they viewed.

The post game salivary sample was taken immediately following the game for all groups.
After the participant completed the during- and after-game mood ratings, participants were
interviewed regarding their “opponent’s” intent, as well as their own intentions if in the
Expressed Aggression group. While the remaining surveys were completed, salivary samples
were originally taken at 10, 20 and 40 minutes post game. Pilot analyses of 5 subjects’ samples
indicated that changes in MHPG levels were noted between baseline, post, post-10, and post-40

samples. Therefore, the post-20 samples were not assayed.
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Results

Prior to testing the hypotheses, data were thoroughly examined. First, variables were
screened for normality, linearity, and heteroscedasticity. Second, differences between all
variables were assessed between the two data collection sites, Hunton and Tekoa. Third,
possible confounds of noradrenergic activation (e.g., hours of sleep, distractibility) were
assessed. Results of this data screening are presented prior to explaining the primary findings
testing the hypotheses.
Data Screening Analyses

Distributions of several variables were negatively skewed and thus violated the
assumption for normality for the primary analyses. These skewed distributions were found for
Physical Punishment, Feelings of Parental Rejection, and Negative Family Atmosphere, Direct
CV Victimization, as well as the Expression of Hostile Aggression for the retaliation phase of the
game. In order to normalize these distributions, values were log transformed. Transformed
values will be used in all analyses.

Site Differences

Prior to performing the primary analyses, data were evaluated for differences between the
two data collection sites. A series of paired-samples t-tests were conducted and results are
displayed in Table 1. In addition to the fact that all participants from Hunton were Black and all
participants from Tekoa were White or Hispanic, a number of other significant differences were
found. Participants from Tekoa were significantly older than those of Hunton and also reported
experiencing more difficulties at home including Physical Punishment, Feelings of Parental
Rejection, and Negative Family Atmosphere. These participants also reported more direct

community violence victimization and engaging in more delinquent behavior. On the other
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hand, participants from Hunton reported experiencing significantly more positive events in their
lives and, as a result, a larger positive life change score, than participants from Tekoa.
Regarding MHPG values, Hunton participants had significantly higher baseline levels than
Tekoa participants. They also evidenced a trend for higher MHPG values at all time points. The
primary analyses will include all participants®.

Confounds for MHPG

In an effort to determine any confounds for MHPG values, relationships between baseline
MHPG and a number of variables proposed to affect noradrenergic functioning (e.g., height,
weight, hours of sleep, degree of feeling rested, time, and degree of distractibility) were
evaluated. Scatterplots were produced with baseline MHPG on the y-axis and the possible
confound on the x-axis. Plots were examined for any possible linear or non-linear relationship.
No obvious relationships or significant correlations were found.
Primary Analyses

A series of analyses were conducted in order to test the primary aims of the present study.
Zero-order correlations were performed to evaluate the relationship between self-reported
aggression and MHPG. A repeated measures analysis of variance (ANOVA) was conducted to
evaluate a variety of relationships (effect of task on post MHPG levels, impact of retaliation
conditions on course of MHPG, differences in types of retaliation conditions on MHPQG). Lastly,
hierarchical regression analyses examined the effect of rearing environment on MHPG and their
interactive effects on aggressive behavior. Results are described following the three primary
aims of the project.

Aim 1: Stress and Aggression on MHPG

2 All primary and supplementary analyses were repeated using only the Hunton Inc. sub sample. Results indicated
no substantial differences with findings using the original total sample. Thus, findings remained unchanged, despite
differences in variables between the two sites.
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This set of analyses addressed the primary aim of the project — to evaluate the
independent effects of stress and aggressive expressions on noradrenergic functioning. In order
to do this a series of four analyses were conducted.

First, the relationship between aggressive behavior and MHPG was tested. It was
predicted that a positive relationship would exist between self-reported overall aggressive
behavior and measures of MHPG. To test this, bivariate two-tailed correlations were computed
between the sum overall and subscale aggressive behavior scores on both the SBR and PRA with
the baseline, post, 10- and 40-minute measures for salivary MHPG (Table 3). No significant
correlations were found between any of the MHPG measures and self-reported aggression.

Second, the effect of stress on the noradrenergic system was examined. It was
hypothesized that participants’ salivary levels of MHPG would increase after experiencing a
mild stressor and therefore post game values of MHPG would be significantly higher than
baseline MHPG. To test this, a repeated measures ANOVA was conducted with MHPG time
(baseline, post game, 10 minutes post game, and 40 minutes post game) as the within subjects
factor and assigned condition as the between-subjects factor (no retaliation, hostile retaliation, or
instrumental retaliation). Since the assumption of variance-covariance homogeneity was
violated for MHPG (Mauchly’s W =.731, y*(5)=16.18, p=.01), the Greenhouse-Geisser epsilon
value (.817) was used as the adjustment to the degrees of freedom. Thus, all F statistics are
based on the Greenhouse-Geisser adjustment. Descriptive statistics are displayed in Table 4. In
order to evaluate whether post game MHPG was indeed higher than baseline MHPG, the within
subjects main effect was examined. This effect was significant, F(2.45, 129.87)=6.15, p<.01,
n°=.10. However, pairwise comparisons did not support the hypothesis that post game MHPG

would be higher than baseline MHPG. As displayed in Table 4, values for post MHPG were not
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significantly different from those of baseline MHPG (p=.88). Rather, several pairwise
comparisons revealed that post 40 MHPG values were significantly lower than baseline values
(p<.01). Furthermore, post MHPG values were significantly higher than post 10 (p=.02) and
post 40 values (p<.01). Thus, MHPG values seemed to habituate and decrease over time.

Third, the course of MHPG was compared across the retaliation and no retaliation groups
in order to evaluate the effects of expressing aggression (either hostile or instrumental) on
MHPG. It was predicted that the within-subjects factor (i.e., MHPG) would interact with the
between-subjects factor (i.e., condition), such that all baseline and post measures would be
similar across conditions but post 10 and post 40 MHPG values would be higher for the no
retaliation group than the two retaliation groups. To test this, the MHPG by condition interaction
effect was examined in the repeated measures ANOVA. The effect was not significant, F(2.45,
129.87)=.53, p=.75, °=.02.

Aim 2: Hostile and Instrumental Aggression on MHPG

This second set of analyses addressed the second aim of the project — exploring how
hostile and instrumental expressions of aggression are related to noradrenergic functioning.

First, differences in noradrenergic functioning were explored in relation to the expressed
aggression in response to provocations of the analog aggression task. It was hypothesized that
participants who engage in the hostile retaliation condition (those who sent blasts of noise to the
“opponent”) would have higher levels of MHPG than those in the instrumental retaliation
condition (those who took their “opponent’s” money away). To test this, the between-subjects
main effect of the repeated measures ANOVA was examined. The effect approached
significance, F(1, 53)=2.83, p=.07, #°=.10. Post hoc Bonferroni tests showed no significant

differences between the instrumental and hostile retaliation groups (p=.29). Rather, there was a
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trend such that MHPG for the instrumental retaliation group was significantly lower than the no
retaliation group (p=.07) (see Table 4). This is explained by the lower MHPG concentrations at
baseline®, post 10, and post 40 for the instrumental group versus the no retaliation group.

Second, differences in MHPG levels were explored in relation to the self-report measures
of hostile and instrumental aggression. This was tested by examining the associations between
self reported aggression scales from the SBR and PRA with the salivary MHPG (Table 3). It
was hypothesized that mean baseline, post, post 10, and post 40 minute levels of MHPG would
be positively correlated with self-reported hostile aggression and negatively correlated with
reported instrumental aggression. No significant relationships were found.

Aim 3: Rearing Environment and MHPG

The last set of analyses addressed the third aim of the project - evaluating how aspects of
the rearing environment are related to baseline MHPG and aggression. Total aggression scores
from the PRA and SBR were used as the dependent variables.

First, the association between aspects of the rearing environment and noradrenergic
functioning was evaluated. It was hypothesized that physical punishment would be positively
associated with baseline MHPG, while parental rejection would be negatively associated. A
hierarchical linear regression was conducted testing both the main effects for physical
punishment and parental rejection, as well as their interaction effect, on baseline MHPG.
Physical punishment and parental rejection variables were entered simultaneously in Block 1
while the interaction term, physical punishment x parental rejection, was entered in Block 2. In

order to reduce multicollinearity between the interaction term and the independent variables,

3 Additional analyses were performed in an effort to explain how participants in the assigned conditions differed on
baseline values of MHPG. However, no significant differences were found for any of the demographic (e.g., age,
weight) or psychological constructs (e.g., community violence exposure, childhood variables) between the no,
sound, and money retaliation conditions.
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values were centered by subtracting their means from the transformed values. The model was
not significant, F(3,55)=.25, p=.86 and accounted for only 1.4% of the total variance in baseline
MHPG (R*=.01).

Second, associations between exposure to community violence and negative life events
with MHPG values were evaluated. It was predicted that a positive relationship would exist
between exposure to these events and salivary MHPG. To test this, correlations between the
CREV victimization scores, negative life change score as measured by the LEC, and baseline
MHPG were conducted. None of these relationships were significant.

Third, the association between characteristics of the rearing environment and MHPG on
aggression was further explored. In particular, the interaction between these factors (physical
punishment by baseline MHPG and parental rejection by baseline MHPG) was evaluated in
terms of their cumulative effect on general aggressive behavior. It was hypothesized that MHPG
levels would impact the rearing environment-aggressive behavior relationship, such that the
relationship between family environment and overall aggressive behavior would be strongest
when children from abusive or rejecting family environments display high levels of baseline
salivary MHPG. Zero order correlations between these variables for those participants whose
MHPG was measured (N=56) are displayed in Table 5. The relationship between parental
rejection and physical punishment was not significant, #(55)=.19, p=.16, therefore, analyses do
not control for the other rearing environment variable. In order to test the hypothesis, separate
hierarchical regression analyses (as recommended by Aiken & West, 1981) were conducted to
predict overall aggressive behavior as measured by the SBR and PRA. For each dependent
measure of general aggression, two regressions were conducted. One model examined the

relationship between physical punishment, baseline MHPG, and overall aggression, while the
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other regression examined the relationship between parental rejection, baseline MHPG, and
overall aggression. In Block 1, the centered sum family environment variable (physical
punishment or parental rejection) was entered. In Block 2, the centered mean salivary MHPG
variable was entered. After computing the interactions between the family environment variable
from Block 2 and salivary MHPG, the moderational term was entered in Block 3. Both models
examining the interactive effects of baseline MHPG and physical punishment on aggression were
not significant, F(3,55)=.74, p=.53, R*=.04 (regressing on PRA) and F(3,55)=.1.09, p=.36,
R’=.06 (regressing on SBR). Both models examining the interactive effects of baseline MHPG
and parental rejection on aggression were also not significant, (3,55)=1.08, p=.37, R’=.06
(regressing on PRA) and F(3,55)=.59, p=.62, R’=.03 (regressing on SBR). Neither main effects
nor interaction effects were significant.
Supplemental Analyses

A number of supplemental analyses were conducted in order to explore alternatives to the
hypotheses for aims of the project.* First, associations between mood scores, post task MHPG
concentrations, self-reported aggression and assigned retaliation conditions were examined to
determine whether these emotional reactions were related to physiological reactivity and
assigned experimental condition. Second, regarding the effect on MHPG based on assigned
retaliation conditions, additional analyses explored these relationships in terms of the
participants’ intention for sending blasts of noise or taking the opponent’s points away, as well as
the degree of noise sent and money taken. The effect of assigned relation conditions on post

game mood was also assessed. Third, analyses that tested for effects of baseline MHPG were

* All primary analyses were repeated with a smaller sample with a more restricted age range, 7 to 11 years (N=24).
Findings were identical to those of the larger sample. In addition to these findings, as predicted, experiencing
negative events and hearing about violence in one’s community was positively associated with baseline MHPG
(n(23)=.44, p=.44 and r(23)=.58, p<.01).
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repeated for all post game values of MHPG (post, post 10 minutes, and post 40 minutes).
Fourth, associations between alternate forms of community violence exposure were examined.
Fifth, associations between Negative Family Atmosphere and MHPG were also explored. Sixth,
associations between negative mood reactions after the game and rearing environment were
assessed. The following section considers these additional analyses in terms of the aims of the
present project. In addition, all primary analyses including relationships with total aggression
were repeated with self-reported delinquency.

Aim 1 Supplementary Analyses: Stress and Aggression on MHPG and Mood

In an effort to determine whether mood ratings before, during, and after the game were
related to noradrenergic functioning and self-reported aggression, zero-order correlations were
conducted between several of the moods ratings (frustration and anger) and all post MHPG
concentration levels. None of the mood ratings were related to post task MHPG concentrations.

Several positive correlations were found between mood and self-reported aggression (see
Table 6)°. In particular, feeling frustrated during and after the game was related to higher self-
reported hostile and instrumental aggression on both measures. Feeling angry during the game
was related to all of these scales as well. However, an angry mood before and after the game
was positively correlated only with the SBR self-report.

In order to evaluate whether the ability to retaliate after the tasks decreased negative
mood ratings after the game (i.e., frustration and anger), two additional repeated measures
ANOVA were conducted with either frustrated or angry mood (before, during, and after) as the
within subjects factor and assigned condition as the between-subjects factor (no retaliation,

hostile retaliation, or instrumental retaliation). The interaction effects were not significant and

> Correlations were also conducted with self-reported delinquency and no significant relationships were found.
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all groups evidenced similar changes in frustration (F(2,63)=.75, p=.48, #°=.02) and anger
(F(2,63)=.39, p=.68, °=.01) regardless of whether or not participants were able to retaliate.

Aim 2 Supplementary Analyses: Hostile/Instrumental Aggression on MHPG and Mood

In addition to the primary analyses exploring the hostile-instrumental dichotomy, three
alternate analyses were performed: 1) a multivariate ANOVA tested for the effect of self-
reported motivation for sending blasts of sound or taking the “opponent’s” money away as
measured by the post game interview on post values of MHPG, 2) zero-order correlations to
assess the relationship between degree of hostile (number of sounds) or instrumental (amount of
money) and post values of MHPG, and 3) repeated measures ANOVA testing differences in
mood rating based on assigned condition.

Self-reported motivation. A multivariate ANOVA tested the effect of self-reported
motivation for retaliation (either hostile of instrumental) on 3 dependent variables: 1) post
MHPG, 2) post 10 MHPG, and 3) post 40 MHPG. It was hypothesized that post MHPG levels
would be higher for those participants endorsing hostile, versus, instrumental, motivations.
However, means were similar across self-reported motivation groups. Main effects were not
significant for any of the post MHPG values across the entire sample (post: F(1,29)=.55, p=.46,
n’=.02, post 10: F(1,29)=31, p=.58, n°=.01, post 40: F(1,29)=.31, p=.58, °=.01).

Degree of Hostile and Instrumental Aggression. Zero-order correlations were performed
using the amount of instrumental and hostile aggression employed during the retaliation task
with the post MHPG values. None of the associations were significant.

Post Game Mood. Exploratory analyses tested for differences in reported negative mood
after the task based on the nature of the retaliation condition — either hostile or instrumental. To

test this, the between-subjects main effects of assigned condition were evaluated in the two
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previous repeated measures ANOV As including frustration and angry mood measures. The
effect was not significant for either mood (frustration: F(1, 63)=.90, p=41, 172=.03, anger: F(1,
63)=.02, p=.98, °=.00).

Aim 3 Supplemental Analyses: Rearing Environment and MHPG

Supplemental analyses for the third aim included: 1) Hierarchical regressions testing the
interactive effects of rearing environment with post values of MHPG together on self-reported
aggression, 2) Zero-order correlations between other forms of community violence exposure and
MHPG, 3) Zero-order correlations between post game negative mood ratings and rearing
environment variables, and 4) Zero-order correlations between rearing environment and mood
ratings. Findings for each of these additional supplemental analyses are described below.

Rearing environment and post game levels of MHPG on self-reported aggression. The
following analyses examined how post measures of MHPG levels (immediately after the game,
10 minutes after, and 40 minutes after) might interact with the rearing environment to predict
self-reported aggression levels in the same model. These analyses are exploratory considering
the small sample size; however, findings may give insight on how rearing environment interacts
with post stress MHPG functioning to impact aggression. First, zero order correlations between
post MHPG values, rearing environment, and self-reported aggression were conducted. No
relationships were significant.

Hierarchical analyses were similar to those of the primary analyses for the third aim;
however, the effects of post, post 10, and post 40 MHPG values and their interactions with
rearing environment were explored together. For the following models, Block 1 tested for the
main effect of one of the rearing environment variables (physical punishment or parental

rejection), Block 2 tested for the main effects for all post MHPG values together, and Block 3
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tested for the interactions (either physical punishment x post MHPG, physical punishment x post
10 MHPG, physical punishment x post 40 MHPG, or parental rejection punishment x post
MHPG, parental rejection punishment x post 10 MHPG, or parental rejection punishment x post
40 MHPG). These models were regressed on self-reported aggression as measured by the PRA
and SBR. The overall models were not significant for parental rejection on PRA aggression,
F(7,55)=.59, p=.76, R*=.08, nor SBR aggression, F(7,55)=.66, p=.71, R*=.09. Likewise, overall
models were not significant for physical punishment on PRA aggression, F(7,55)=.78, p=.61,
R*=.10, nor SBR aggression, F(7,55)=.44, p=.88, R’=.06. In sum, post game levels of MHPG
did not appear to interact with rearing environment to impact self-reported aggression.

Witnessing and hearing about community violence on MHPG. Zero order correlations
were conducted to explore the associations between witnessing and hearing about violence in
one’s community on all measures of MHPG. There was a significant correlation between post
10 MHPG and witnessing violence, 7(56)=.26, p=.05.

Negative Family Atmosphere. Another aspect of the rearing environment measured by
the AEQ, negative family atmosphere, was assessed in terms of its relationship with MHPG and
self-reported aggression. Negative family atmosphere examines the child’s perception of how
his family gets along based on arguments between family members, eating supper together,
whether parents insulting the child, etc. This set of additional analyses examined relationships
between scores on negative family atmosphere, all levels of MHPG, and self-reported aggressive
behavior. Primary analyses from the third aim of this project using reports of physical
punishment and parental rejection were repeated with the negative family atmosphere variable

and are described below.
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Zero order correlations revealed significant relationships between negative family
atmosphere and physical punishment (#(55)=.33, p=.01), as well as negative family atmosphere
and parental rejection (#(55)=.34, p=.01). First, the main effect of negative family atmosphere
and its interaction with physical punishment and parental rejection on MHPG levels were
evaluated. Separate hierarchical linear regressions were conducted controlling for effects of
physical punishment and parental rejection in Block 1, testing for the main effect of negative
family atmosphere in Block 2, and the interactive effects of negative family atmosphere by
physical punishment, as well as negative family atmosphere by parental rejection in Block 3.
The overall model was not significant (R’=.15, F(5,50)=1.70, p=.15).

Similarly with physical punishment and parental rejection, the association between
negative family atmosphere and baseline MHPG on aggression was explored. A hierarchical
regression was conducted controlling for the effects of physical punishment and parental
rejection in Block 1, testing the effect negative family atmosphere in Block 2, baseline MHPG in
Block 3, and their interaction in Block 4 on self-reported aggression as measured by the PRA
and separately on aggression measured by the SBR. The model regressing negative family
atmosphere on PRA aggression was significant, F(5,55)=3.66, p=.01, R’=.27 (Table 7).
Coefficients for negative family atmosphere (5=.49, partial (55)=3.55, p<.01) and baseline
MHPG (5=.32, partial {(55)=2.39, p=.02) were significant for PRA. The model regressing
negative family atmosphere on SBR aggression was not significant, F(5,55)=1.32, p=27, R°=.12.

Exploratory models also assessed the interactions between negative family atmosphere
and post values of MHPG on aggression. Similarly, a hierarchical regression was conducted
controlling for the effects of physical punishment and parental rejection in Block 1, testing the

effect of negative family atmosphere in Block 2, post, post 10, and post 40 MHPG in Block 3,
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and their interactions (negative family atmosphere x post MHPG, negative family atmosphere x
post 10 MHPG, negative family atmosphere x post 40MHPG) in Block 4 on self-reported
aggression as measured by the PRA and the SBR. The models predicting PRA and SBR
aggression were not significant for, F(9,55)=1.62, p=.14, R*=24 and F(5,55)=1.12, p=.37,
R’=.18, respectively

In sum, findings regarding negative family atmosphere indicated significant positive
relationships with self-reported aggression, as measured by the PRA. Baseline MHPG was also
significantly and positively associated with aggression on the PRA.

Mood and Rearing Environment. Relationships between negative (frustrated and angry)
mood reactions and characteristics of the rearing environment were examined (see Table 8).
Zero order correlations revealed significant relationships between negative family atmosphere
and during ((66)=.25, p=.04) and post game anger (1(66)=.29, p=.02), well as post game
frustration (7(66)=.24, p=.05). Parental rejection was significantly correlated with anger before
the game (7(66)=.32, p=.01) No significant relationships were found with physical punishment.

In order to look at whether rearing environment predicted post game negative mood,
hierarchical regressions regressed negative family atmosphere on post game anger and
frustration. Both models were significant (anger: F(3,65)=5.88 p=.01, R’=.06, frustration:
F(3,65)=3.99, p=.05, R’=.06) with significant positive coefficients for rearing environment
(anger: =29, 1(65)=2.42,p=.02, frustration: f=.23, t(65)=2.00,p=.05).6

Findings for Self-Reported Delinquency

® Additional analyses also explored the moderating role of negative reactions after the game on the relationship
between rearing environment characteristics and self-reported aggression and delinquency. None of these
relationships were significant and no interaction effects were found.
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A correlate of aggression is delinquent behavior. To examine how hypotheses might map
on to delinquency, the primary analyses for self-reported aggression were repeated substituting
self-reported delinquency as the dependent variable.

First, zero order correlations between MHPG levels, all rearing environment scales, and
self-reported delinquency were performed (Table 9). None of the MHPG levels were
significantly related to delinquency; however, physical punishment (#(66)=.39, p<.01), parental
rejection (7(66)=.25, p=.04), and negative family atmosphere (7(66)=.52, p<.01) were each
positively correlated with frequency of delinquent behavior.

Second, similar to the primary and supplemental analyses examining effects of rearing
environment and MHPG on aggression, the following analyses examined the main effect of
rearing environment and MHPG levels, as well as their interactive effects, on delinquency. A
series of hierarchical regression models were conducted such that the rearing environment
variable was entered in Block 1 (parental rejection or physical punishment), baseline MHPG was
entered in Block 2, and the respective interaction was entered in Block 3 (parental rejection x
baseline MHPG or physical punishment x baseline MHPG). The model including physical
punishment and baseline MHPG was significant, F(3,55)=4.33, p=.01, R’=.20 (Table 10). The
significance was explained by the prediction of physical punishment on self-reported
delinquency (f=.43, partial (55)=3.44, p<.01).

Exploratory hierarchical regressions examining rearing environment variables and post
values of MHPG on self-reported delinquency were also conducted. The model with parental
rejection approached significance (Table 11, F(7,55)=2.12, p=.06, R’=.24) Significant
interaction coefficients were found for post 10 MHPG by parental rejection (5=1.10, partial

#(55)=2.82, p=.01) and post 40 MHPG by parental rejection (f=-.72, partial t(55)=-2.12, p=.04).
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Post hoc probing was conducted as described by Aiken and West (1991) and Holmbeck (2002)
to clarify these potential moderating effects. First, reduced hierarchical models were conducted
such that only post 10 MHPG and its corresponding interaction term with parental rejection were
tested. This was also conducted for the post 40 MHPG values. The reduced model including
post 40 MHPG was not significant, F(3,55)=1.10, p=.36, R*=.06. However, the reduced model
for post 10 MHPG continued to approach significance, F(3,55)=2.30, p=.09, R’=.18, and the post
10 MHPG by parental rejection term also approached significance (=.26, partial t(55)=1.94,
p=.006).

Therefore, in order to verify the potential moderating relationship between parental
rejection and post 10 MHPG on self-reported delinquency, conditional moderators were created
by adding and subtracting one standard deviation from the centered moderator to create low and
high post 10 MHPG groups. Conditional interaction terms were also computed with parental
rejection. Two simultaneous regressions were then conducted by regressing the main effect of
parental rejection, one of the conditional moderators, and their respective interaction.
Regression lines were graphed using the beta coefficients for each predictor and the error term
(see Figure 2). As the figure illustrates, the interaction remained. In conditions of low post 10
MHPG concentrations, parental rejection was slightly inversely related to self-reported
delinquency. However, this relationship reversed and strengthened under conditions of high post
10 MHPG, where parental rejection was positively related to delinquency. This interaction
effect was found beyond any direct main effects for these variables.

The model including physical punishment and post MHPG values was also significant,

F(7,55)=2.44, p=.03, R’=.26 (Table 12) such that physical punishment was a significant
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independent predictor of delinquent behaviors, f=.57, partial t(55)=4.00, p<.01. These results
are similar to the model including baseline MHPG.

In sum, characteristics of the negative family rearing environment were positively related
to self-reported delinquency. Physical punishment, in particular, was predictive of delinquency
above MHPG levels. Furthermore, recovery values for MHPG interacted with parental rejection
to predict delinquency. Parental rejection was positively related to delinquency under conditions

of greater post 10 MHPG levels.
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Discussion

The main goal of the present research was to evaluate how environmental (i.e., rearing
environment) and biological factors (i.e., salivary metabolite of norepinephrine, MHPG) are
associated with one another and interact to influence the nature of aggression in youth. The
present project explored how these variables impact both hostile and instrumental aggressive
expressions. A summary of the primary analyses pertaining to the main hypotheses is provided.
Summary of Primary Findings

Regarding the first aim of the project, it was hypothesized that aggression would be
positively related to MHPG. This prediction was not supported. Self-reports of total aggressive
behavior were not significantly related to MHPG values. However, in supplemental analyses,
when effects of negative family atmosphere were controlled, baseline MHPG was positively
related to aggressive behavior. This effect will be discussed below in the section on Rearing
Environment and MHPG.

It was also predicted that MHPG would significantly rise after playing the game and that
recovery would be slower for those participants who were unable to retaliate compared to those
who were able to retaliate. This hypothesis also was not supported. Immediate post game values
of MHPG were similar to baseline values suggesting that MHPG did not increase in response to
the stressor. Moreover, recovery MHPG values (10 and 40 minutes post task) seemed to
habituate across time for all participants, regardless of whether they could or could not retaliate.
Participants retaliating with instrumental aggression did demonstrate lower recovery MHPG
(post 10 and post 40 minutes) compared to participants who did not retaliate, but contrary to
predictions, they were also lower at baseline. Differences in MHPG for the instrumental

condition group will be discussed below in the section on Aggression and MHPG.
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Regarding the second aim of the project, MHPG was also evaluated in terms of the
quality of aggression — either hostile or instrumental forms. It was predicted that hostile
aggression would be positively related, and instrumental aggression negatively related, to
MHPG. The results indicated that neither form of aggression was significantly related to
noradrenergic functioning. Moreover, supplemental analyses indicated that hostile and
instrumental aggressive responses (actual and motivated responses) to the task did not lead to
differences in post task MHPG. However, those in the instrumental (versus hostile) condition
showed lower levels of MHPG at baseline and continued to show low MHPG levels 10 minutes
after the game.

Regarding the third aim of the project, the relationships between rearing environment and
baseline MHPG, as well as their interaction on self-reported aggression were explored. It was
predicted that physical punishment and exposure to negative life events and community violence
would be positively related to MHPG, while parental rejection would evidence lower MHPG
values. This hypothesis was not supported and no significant effects for environmental variables
on MHPG were found, with the exception of negative family atmosphere (discussed in
supplemental analyses below). Lastly, no significant interactions between rearing environment
and baseline, nor post task, MHPG on self-reported aggression were found.

Summary of Supplemental Analyses

Several significant relationships were found for self-reported delinquent behavior that
will be summarized here and discussed in the section on Self Reported Delinquency below.
While reports of punishment and parental rejection did not predict aggression, physical
punishment was a positive predictor of delinquent behavior. Moreover, parental rejection and

MHPG concentrations during the 10 minute recovery period interacted to predict delinquency.
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Specifically, the positive relationship between parental rejection and self-reported delinquency
was strongest at high levels of MHPG 10 minutes after the task, whereas parental rejection was
not significantly related to delinquency at low levels of MHPG.

Supplemental analyses examining negative family atmosphere also revealed some
interesting findings. Heightened frustration and anger after the task were related to negative
family atmosphere and to aggression. Also, after controlling for the effects of physical
punishment and parental rejection, negative family atmosphere and baseline MHPG were
significant positive predictors of self-reported aggression as measured by the PRA. This effect
will be further discussed below.

Stress and MHPG

Contrary to previous findings, the stressor employed in the present task (The Key Game)
did not result in higher elevations of MHPG. Although participants in the instrumental condition
had higher immediate post task MHPG levels than baseline MHPG, this effect was not
significant. Previous research has consistently reported increases in plasma or salivary MHPG in
response to specific stressors including taking an academic exam (McClelland et al., 1985),
doing mental arithmetic (Albus et al., 1987), being provoked by a fictitious competitor in a game
(e.g., Gerra et al., 1997,1999, 2001), and playing violent video games (Skosnik et al, 2000). This
discrepancy has several possible explanations.

First, it could be argued that the lack of findings in the present study is due to a less
intense laboratory stressor. Support for this comes from Fukuda et al. (1996) who reported that
the level of stress experienced by a competitive Olympic swimmer resulted in higher plasma
MHPG compared to individuals who experienced less intense daily life stressors. Although

individuals reported feeling significantly more frustrated and angry while playing the game,
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these emotions were not reflected in concentrations of MHPG. Supplemental analyses also did
not reveal any associations between post task concentrations of MHPG and their self-reported
negative mood during and after the game. Some of the negative emotions, however, were indeed
related to total aggression scores on the PRA and SBR, as well as the hostile and instrumental
aggression subscales. The apparent dissociation between emotional and physiological
responding suggests that the emotions youth reported experiencing were not reflected in their
noradrenergic functioning. Since this system is generally activated when an individual
experiences anger, frustration, anxiety, etc., these findings may be indicative of the system not
functioning appropriately. Ideally, these biological responses lead to appropriate attention and
cognitive processes that are needed to cope with stress (De Bellis & Putnam, 1994). It is
possible that if this system is deficient, youth may have a more difficult time dealing with
psychological stress and may engage in more “stressful” risky behavior.

Furthermore, no significant differences were found in negative mood based on assigned
retaliation conditions, possibly suggesting that the forms of retaliation used in the game (sending
blasts of noise or subtracting points from an “opponent’’) were not potent enough to substantially
decrease negative mood. Another explanation for these findings could be that, although
negative mood is associated with increased aggression, retaliatory aggression does not function
to alleviate this distress.

The lack of findings also might be due to individual differences in the proportion of
plasma MHPG originating from the CNS and consequently affecting salivary MHPG levels,
thereby washing out any group effect. Although, generally 30% of CNS NE is reflected in
plasma levels of MHPG (Kopin et al., 1984) and this proportion is considered relatively stable

within individuals, between individual differences may be significant. Especially since studies
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have found that environmental factors impact noradrenergic functioning in terms of plasma
MHPG (e.g., history of neglect [Rogeness, 1991], history of trauma [De Bellis & Putnam,
1994]), perhaps noradrenergic responsiveness to stress is also altered. In a study examining
individual differences in rats’ reactivity to stress (Rosario & Abercrombie, 1999), rats were
grouped based on their high, middle, or low locomotor activity in a novel open field. In response
to a tail-pinch stressor, rats in the high activity group showed significantly elevated NE release in
the hippocampus compared to the other groups. These findings suggest that neural correlates
might exist between individuals based on behavioral reactivity to stress.

Likewise, another way of looking at responses to stress is to evaluate MHPG reactivity
compared to baseline MHPG (e.g., Scarpa & Luscher, 2002). This technique would evaluate
changes in MHPG specifically in response to the Key Game stressor thereby classifying
participants as either reactors or non-reactors. Rather than evaluating increases from baseline to
post-task MHPG, this method may help explain interindividual differences in MHPG levels.

Rearing Environment and MHPG

Although previous literature has reported significant differences in catecholaminergic
activation based on characteristics of the rearing environment, the present study found no
relationships between physical punishment and parental rejection with MHPG levels at baseline,
as well as levels after the task. Perhaps, physical punishment and parental rejection are more
subtle forms of abuse and neglect that are not strong enough to impact the noradrenergic system.
Also, previous studies that focused on rearing environment used samples of children that could
be considered more “at-risk” and measured more severe forms of child maltreatment. For
example, Rogeness (1991) assessed abuse and neglect by reviewing hospital chart records,

including extensive family data and documented history of maltreatment in boys housed at a
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psychiatric hospital for children. Similarly, De Bellis and colleagues (1994) recruited children
from outpatient clinics and private mental health agencies who had reported and substantiated
reports of maltreatment from Child Protective Services. However, many of the items on the
AEQIII physical punishment and parental rejection subscales do coincide with abuse and neglect
experiences that would be considered maltreatment by Child Protective Services. In fact, it is
argued that physical punishment is synonymous with abuse because child physical abuse tends to
occur in the context of physical punishment (Gil, 1979; Turner & Finkelhor, 1996). Moreover,
retrospective accounts of parents’ regular use of physical punishment measured by the AEQIII
were associated with various negative outcomes including psychiatric disorders, substance abuse,
and adult criminal offending (Fergussen & Lynskey, 1997). Perceptions of parental rejection
have also been linked to aggression and depression in early and middle adolescent boys and girls
(Akse, Hale, Engels, Raaijmakers, & Meeus, 2004; Hale, Van Der Valk, Engels, & Meeus,
2005). Therefore, although it might be argued that physical punishment and perceptions of
parental rejection are less severe forms of child maltreatment, given the findings that these
characteristics of the rearing environment are indeed associated with negative outcomes,
examining them in the context of the present study is certainly valuable. Furthermore, although
these punitive family variables were not linked to forms of aggression, they were related to self-
reported delinquent behavior (discussed in self-reported delinquency section below). This
suggests that the variables may relate to general antisocial tendencies, rather than being specific
to aggressive behavior.

It is also possible that hypotheses were not supported concerning these rearing
environment variables because majority of the participants reported experiencing low levels of

each, especially parental rejection. Perhaps it would be more valuable to examine relationships
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between these rearing conditions, biological factors, and aggressive behavior in a sample of
children who have had more of these experiences. Although 10.5% of the participants in the
present sample endorsed at least 5 or more physical punishment items constituting severe levels
of punishment as defined by Knutson and Selner (1994), as described above, most of the studies
reviewed that explored these relationships used samples of children that went through Child
Protective Services or at least were hospitalized for psychiatric problems, thereby most likely
sampling a higher prevalence rate of maladaptive childhood experiences. Although the present
sample was certainly a disadvantaged sample of children (i.e., growing up in impoverished
neighborhoods, living at a residential treatment center), perhaps these youth could still be
considered less at-risk compared to those of prior studies.

Although physical punishment and feelings of parental rejection did not emerge as
significant predictors of baseline MHPG or aggression, ratings for negative family atmosphere
appeared to be positively related to aggression, especially as measured by the PRA (Dodge,
2003). This scale on the AEQIII does not include items on specific punitive family experiences
such as punishment or neglect, but rather assesses the child’s perception of how well the family
gets along in general. For example, are there a lot of fights between family members at home?
Does the family eat supper together? Although no specific hypotheses were proposed regarding
this characteristic of the family environment, certainly it would be reasonable to predict that
aggression is related to a negative family atmosphere. Although ratings for this scale were
generally low, similar to the other AEQIII scales, this encompassing characteristic of one’s
rearing conditions may be a more potent predictor of aggression in the present sample.

It is also noteworthy that no significant relationship existed between parental rejection

and physical punishment. Punitive family characteristics often co-occur — as much as 94% of
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maltreating children experiencing more than one form of maltreatment (McGee, Wolfe, &
Wilson, 1997). One study found that of 28 children reporting more than one form of
maltreatment, 25 reported both harsh parenting and neglect (Bolger & Patterson, 2001).
Therefore, it would be assumed that the particular family characteristics measured in the present
study would also co-occur. However, physical punishment and parental rejection were not
significantly correlated with one another suggesting that these two characteristics did not co-
occur in the present sample. This finding may be the result of the low occurrence of both rearing
conditions. However, negative family atmosphere was significantly related to these more
specific forms of negative family functioning.
Community Violence Exposure and Negative Life Events

Other environmental variables that were posited to be related to baseline MHPG included
exposure to community violence and negative life events. Although witnessing violence in the
community was related to initial recovery concentrations of MHPG, all of the other relationships
were not significant. Past research has suggested that the effect of exposure to violence impacts
a child’s arousal and ability to react appropriately to stressful experiences. De Bellis and Putnam
(1994) found that the chronicity of such exposure was the key fact in predicting increases in
catecholaminergic activity. This persistent exposure was also predictive of PTSD symptoms.
Therefore, the present study may have been unable to find significant relationships between
exposure and MHPG because the frequency, and not the chronicity, of such exposure were
evaluated. Furthermore, youth were not assessed for anxiety at the time of screening. In order to
evaluate how such exposure impacts MHPG concentrations, it would be worthwhile to include a

measure of PTSD related to any traumatic events experienced.
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Aggression and MHPG

Several hypotheses were proposed regarding the relationship between self-reported and
behaviorally expressed aggression with MHPG levels. In general, it was hypothesized that self-
reported aggression would be linked to higher baseline MHPG while actively expressing
aggression in response to a stressor would eventually attenuate noradrenergic functioning
resulting in a decrease in post stressor MHPG concentrations. However, these trends were not
entirely supported. Self-reported aggression using the SBR and PRA was not significantly
related to baseline MHPG. Furthermore, no differences were found regarding the course of
salivary MHPG between participants expressing aggression during the analog aggression task
and those who did not.

Past literature using self-reports of aggression has been mixed. For example, positive
associations have been found between CSF MHPG and aggression scores using the Brown-
Goodwin Aggression Scale with adult participants (Placidi et al., 2001) as well as between
plasma NE and dominant aggressive behavior measured by the Children’s Personality
Questionnaire (CPQ, Gerra et al., 1997). However, no significant associations were reported
using total aggression scores from the Buss-Durkee Hostility Inventory (BDHI) for violent male
subjects and CSF MHPG (Brown et al., 1982). In fact, Gerra et al. (1997) also reported no
significant differences in plasma NE based on total scores from the BDHI scale, but did report a
significant correlation between a subscale tapping irritability and plasma NE. Interestingly, the
report by Gerra et al. (1997) examining CPQ scores and plasma NE found no differences in
baseline NE between the low and medium-normal aggressiveness groups, though those children
in the high aggressive group did have significantly higher NE concentrations. The results of the
current study support no relationship between self-reported aggression on the SBR/PRA and
salivary MHPG. Although previous studies have not employed these two types of measures for
both variables (MHPG via saliva and aggression via SBR and PRA), these results do not support
findings from studies using other measures (e.g., Gerra et al., 1999; Placidi et al., 2001). Perhaps

it would be beneficial to employ the technique used by Gerra et al. (1999) and focus on
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differences between high and low aggression groups based on PRA and SBR. Likewise, Gerra et
al. (1997) also reported that only the middle aggressive group of their present sample actually
had significantly higher concentrations of NE in response to a stressor task. In other words,
youth that were in the low and high aggression groups did not evidence significant spikes in NE
after the experimental psychological stress task.

Despite findings for these primary analyses, when the influence of all rearing
environment characteristics (physical punishment, parental neglect, and negative family
atmosphere) was controlled for, baseline MHPG was in fact positively related to self-reported
aggression as measured by the PRA. This finding is consistent with the hypotheses and suggests
that the variance associated with rearing environment in this sample was acting to suppress the
main effect of baseline MHPG. This also underscores the importance of including the effects of
environmental variables when evaluating biological contributions to behavior. Previous studies
that have focused on the relationship between noradrenergic functioning and self-reported
aggression have not considered the effect of rearing environment. The discovery that baseline
MHPG was only related to self-reported aggression once the effects of physical punishment,
parental rejection, and negative family atmosphere were assessed may help explain why other
researchers (e.g., Brown et al., 1982) have not reported significant relationships between
NE/MHPG and self-reported aggression.

Participants were also asked to rate their negative mood before, during, and after the Key
Game. Overall, youth reported feeling more frustrated and angry during the game compared to
before and after the game. This finding suggests that the task did increase participants’ negative
mood. Mood ratings during and after the game were also significantly associated with self-
reported aggression as measured by the PRA and SBR; however, they were not affected by
condition assignment. In other words, being able to retaliate (either in a hostile or instrumental
manner) against one’s opponent did not decrease concentrations of MHPG nor youth’s
frustration and anger. Therefore, expressing aggression after the task did not help alleviate

distress as measured by MHPG and mood.
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Hostile and Instrumental Forms

To the author’s knowledge, the present study is the first to examine catecholamines and
their relationship with both hostile and instrumental forms of aggression. Although it was
predicted that hostile aggression would be positively related to baseline salivary MHPG, this was
not found using either the PRA or SBR. In fact, both scales were unrelated to baseline MHPG.
Most scales evidenced similar associations with baseline MHPG, with the exception of hostile
aggression as measured by the SBR with a correlation of zero. These findings suggest that
perhaps this aggression distinction, as measured by self-reports, does not lend itself to
differences in baseline MHPG.

The present study was also able to examine behavioral hostile and instrumental
aggression as related to post task salivary MHPG concentration, based on assigned retaliation
conditions. Although it was predicted that those in the hostile condition would have higher
salivary MHPG than those in the instrumental condition, this effect was not found. Although
recovery salivary MHPG was higher for those in the hostile than instrumental condition, the
difference was not significant. It is noteworthy that recovery MHPG (specifically 10 and 40
minutes post task) was significantly lower for the instrumental group compared to the condition
that did not have the opportunity to retaliate. Although it was predicted that both retaliation
groups would evidence faster decreases in MHPG than the no retaliation group, it appears that
the instrumental aggression is related to faster recovery. However, this finding should be
interpreted with caution since these groups also had significantly different baseline levels of
MHPG to start off with. Regardless, this condition was the only condition to actually show the
predicted course of MHPG (higher salivary MHPG immediately after the stressor and significant

decreases at recovery time points). Albeit the course was not significantly different in all
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respects to the other groups, this finding might suggest that a more controlled emotional response
to the task’s provocation is more likely to affect fluctuations in salivary MHPG concentrations.
This finding is worth mentioning especially since the data have generally supported stronger
relationships between biological factors and the hostile, rather than the instrumental, subtype of
aggression (Coccaro & McNamee, 1998). However, past literature’s findings may be due to a
lack of measuring instrumental aggressive behaviors. Most of the previous work examining
neurotransmitter responses to analog aggression tasks tends to employ only one form of
aggressive retaliation; however, the findings of the present study lend support to the inclusion of
different forms of retaliation in these tasks.

Another explanation for the general lack of findings regarding the experimental
psychological stress paradigm might be that the task did not adequately operationalize hostile
(i.e., sending blasts of noise to the opponent) and instrumental (e.g., taking the opponent’s
money away) forms of aggression. The majority of participants in these two conditions stated
that their motivations were actually instrumental regardless of retaliating in a hostile or
instrumental manner. It could be argued that the hostile condition was not hostile enough. This
type of aggression is considered more impulsive than instrumental forms. So, conceivably,
assigning individuals to this more spontaneous form of retaliation is inappropriate. With a larger
sample, it may be worthwhile to have participants choose their preferred mode of responding
rather than assigning them to conditions. Offering a choice to participants between both forms of
retaliation may be better aligned with their more commonly used forms of aggression and their
motivation for choosing each form, thereby strengthening the relationship between expressing

aggression and noradrenergic functioning.
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Self-Reported Delinquency

Although no specific predictions were made regarding delinquent behavior and salivary
MHPQG, analyses revealed that recovery MHPG concentrations were positively related with
delinquency. One previous study found no significant relationships between delinquency as
measured by the Child Behavior Checklist and Teacher Report Form and plasma MHPG
measured on two consecutive mornings (van Goozen, Matthys, Cohen-Kettenis, Westenberg, &
van Engeland, 1999). However, although this study did use an analog aggression task to
evaluate children’s aggressive behavior, MHPG was only measured on the day before the task.
Therefore, the results of the present study support those of van Goozen and colleagues (1999) in
terms of baseline MHPG and delinquency; however, they also extend their findings by
suggesting that recovery MHPG and delinquency may in fact be related.

The recovery period is essentially the period of time after the stressor that it takes for
MHPG to return to normal and no longer be influenced by the stressor. For youth who reported
engaging in more delinquent behavior, this period was characterized by higher MHPG
concentrations. However, since the stressor itself did not impact MHPG concentrations
immediately after it was completed, no recovery was truly needed. In fact, examination of the
four levels of MHPG suggests that baseline and immediate post task MHPG concentrations were
unrelated to self-reported delinquency. Another way to interpret these findings, then, may be
that a delayed stress response was occurring. Perhaps it is the stress experienced after the offset
of the stressor that impacts the risk for delinquency. Future research should attempt to employ
more intense stressors and longer recovery periods in order to adequately examine the course of

MHPG fluctuations, especially for youth who report delinquent behaviors.
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Rearing Environment, MHPG, and Aggression

One of the primary aims of the present project was to explore how MHPG concentrations
might moderate the impact of rearing environment characteristics on problem behavior in youth.
Several different interactions were examined considering the effect of MHPG concentrations on
the relationship between characteristics of the rearing environment (physical punishment,
parental neglect, or negative family atmosphere), and either aggression or delinquent behavior.
Overall, MHPG concentrations (both baseline and post task values) did not seem to influence
relationships between rearing environment and problem behavior. Although negative family
atmosphere and baseline MHPG seem to be independent positive predictors of self-reported
aggression as measured by the PRA and physical punishment was also a significant positive
predictor of self-reported delinquency, interaction effects were not significant. One notable
exception is that the relationship between parental rejection and delinquency was moderated by
10 minute post task MHPG concentrations. When these recovery MHPG levels were high,
parental rejection seemed to have the strongest impact on self-reported delinquency. In other
words, high recovery MHPG was a risk factor, while low recovery MHPG buffered the
relationship between parental rejection and delinquent behaviors. No direct effects were found
for recovery MHPG and parental rejection, so the presence of a significant interaction is striking.
High MHPG after the task is indicative of greater activation of the noradrenergic system which is
a characteristic of the fight-or-flight or freeze reaction (De Bellis & Putnam, 1994). The present
finding implies that this type of reaction in youth who feel unloved and unwanted by their
parents engage in more antisocial behavior including abusing substance, stealing, and
vandalizing property. Perhaps these youth have more difficulty regulating their emotional

reactivity to stressors and, thereby, engage in risky criminal behavior.
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Limitations

The present study has several limitations. Primarily, the small sample size limits the
strength of the significant findings. A larger sample size is needed to uncover more subtle
differences, as well as to replicate the present findings of this smaller sample. Since the present
study sampled children from a wide age range (7 to 17 years), it is especially important to have a
larger sample in order to evaluate the effect of developmental levels. Second, a more intense
(and perhaps believable) provocation is needed to differentiate between MHPG differences due
to experiencing a stressor versus expressing aggression. Third, future studies that investigate
noradrenergic functioning should include multiple measures of this factor — salivary MHPG,
plasma MHPG and NE, as well as urinary and possibly CSF samples. The present study is one
of the few to employ salivary measures of this metabolite. Although a convenient method for
examining noradrenergic functioning, not enough studies have employed this method in addition
to other method in order to verify that MHPG in the saliva is reflective of plasma and CSF
MHPG. Fourth, significant site differences existed for several of the variables. Although the
findings for the sub sample were comparable to the total sample, ideally, future studies should
use larger samples of similar at-risk youth. Fifth, it can be argued that instrumental aggression
was not adequately operationalized in the Key Game given that participants did not actually gain
anything from removing the “opponent’s” winnings. A more accurate way to represent
instrumental aggression would be to include a way to retaliation that would directly benefit the
participant. Sixth, many of the scales used to measure the constructs (e.g., parent rejection,
physical punishment, self-reported aggression) had only moderate reliability. Lastly, any
implications of the present study are limited because a non at-risk control group was not

included.
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Conclusion

In sum, the primary hypotheses of the present study were not supported; however, there
were a few significant direct psychological and biological effects, or interactive effects, on self-
reported aggression. Aggressive children were more likely to describe a less supportive and
cooperative family life, and reported greater levels of anger and frustration during and after the
provocation task. Moreover, after controlling for the influence of rearing environment
characteristics on aggressive behavior, negative family atmosphere and baseline concentrations
of MHPG were positively related to self-reported aggressive behavior. Concerning self-reported
delinquency, both direct and moderating effects were found. Reports of physical punishment at
home positively predicted more antisocial behavior in youth, while high recovery MHPG
concentrations placed youth rejected by their parents at risk for delinquency.

These findings emphasize the importance of examining psychological and biological
mechanisms of aggression and antisocial behaviors in at-risk youth. Understanding the direct
and collective effects that these variables have on children’s behavior has implications for proper
prevention as well as pharmacological and psychological treatment. For example, programs can
focus on increasing family support for at-risk youth. It would be beneficial for prevention and
treatment programs (e.g., Head Start, FAST Track) to include families rather than strictly
focusing efforts on the child. It may be particularly important for at-risk youth to feel as though
their families are supporting them in these programs in addition to including a parent training
component. Treatment programs might benefit from understanding both the psychological and
biological influences of a child’s behavior. For example, clonidine (an adrenergic agonist that
targets the inhibitory a, subtype receptor) has been used to treat agitation and aggression in

children with Attention Deficit Hyperactivity Disorder and Obsessive Compulsive Disorder
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(Brown & Cooke, 1994). However, although the present finding requires replication,
administering clonidine to children who feel rejected by their parents may actually lead to more
delinquency in these children.

Recent research on youth violence has focused on applying a systems approach to its
study by examining multiple origins to this behavior and acknowledging the dynamic processes
between these different variables (e.g., Moffitt, 1993; Raine et al., 1997; Volavka, 1999, 2002).
The findings of the present study encourage continued research in the field that appreciates the

interplay between bodily processes, environmental influences, and psychological factors.
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Appendix A

Demographic Questionnaire

1. Age 2. Sex: Male
3. What is your race/ethnic origin? (Please circle one)
White Black Asian Hispanic other
4. Do you go to school? Yes No
4a. If yes, what grade are you in?
5. Which of the following adults do you currently live with? (circle all that are applicable)

a. Biological Mother
b. Biological Father
c. Foster Mother

d. Foster Father

e. Step-Mother

f. Step-Father

g. Grandmother

h. Grandfather

1. Adult Sister

Jj- Adult Brother

k. Aunt

1. Uncle
6. Is the person whom you identify as your mother employed? Yes No
7. Is the person who you identify as your father employed? Yes No

Health Information:

Do you have any of the following medical conditions?

8. Heart conditions? No  Yes
9. Low blood pressure? No  Yes
10. High blood pressure? No  Yes
11. Fainting spells or bouts of dizziness? = No  Yes
12. Diabetes? No  Yes
13. Asthma? No Yes

14. Hearing loss or damage? No  Yes
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15. If yes to any of the above, please describe

16. Take medication? No Yes

16a. If yes to medication, please list the medications currently taken

16b. If yes to medication, is it taken regularly as prescribed? No  Yes

17. Do you have any other medical condition or physical illness that we should be aware of? (if
yes, same as above) No Yes

17a. If yes, please describe
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Appendix B

Screening Questionnaire

Time of Day:

1. What, if anything, have you had to eat today?

2. Have you consumed any caffeinated beverages today?

3. What time did you fall asleep last night?

4. What time did you wake up this morning?

5. How many hours of sleep do you generally get per night?

6. Onascale of 1 (not at all rested) to 10 (very well rested), how rested do you currently feel?
7. Did your mouth bleed at all last night and/or today while brushing your teeth, etc.?

8. Do you regularly engage in physical exercise?

What kind and how often? (Type of exercise and days per week)
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Appendix C
Mood and Intent

Surveys

CHILD QUESTIONS
Child Name: Code #
Rater: Date:

PRE-GAME MOOD QUESTIONS

I'D LIKE TO ASK YOU A FEW QUESTIONS BEFORE YOU BEGIN THE GAME.
1. How do you feel right now?

NOW YOU CAN CHOOSE 1 OF 4 DIFFERENT ANSWERS (use feelings
thermometer):

0 1 2 3 4
Not Much at All A Little Bit Some A Lot Very,very much
Do you feel: frustrated? 0 1 2 3 4
angry? 0 1 2 3 4
nervous? 0 1 2 3 4
bored? 0 1 2 3 4
excited? 0 1 2 3 4
happy? 0 1 2 3 4
sad? 0 1 2 3 4
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POST-GAME MOOD QUESTIONS
NOWI'D LIKE TO ASK YOU A FEW QUESTIONS ABOUT THE GAME.

1. Did you like the game? Y N
2. How did you feel while playing the game?

NOW YOU CAN CHOOSE 1 OF 4 DIFFERENT ANSWERS (use feelings
thermometer):

0 1 2 3 4
Not Much at All A Little Bit Some A Lot Very, very Much
Did you feel: frustrated? 0 1 2 3 4

angry? 0 1 2 3 4

nervous? 0 1 2 3 4

bored? -0 1 2 3 4

excited? 0 1 2 3 4

happy? 0 1 2 3 4

sad? 0 1 2 3 4

3. How did you feel after the game was over?

NOW YOU CAN CHOOSE 1 OF 4 DIFFERENT ANSWERS (use feelings
thermometer):

0 1 2 3 4
Not Much at All A Littlebit Some A lot Very, very much

Did you feel: frustrated? 0 1 2 3 4

angry? 0 1 2 3 4

nervous? 0 1 2 3 4

bored? 0 1 2 3 4

excited? 0 1 2 3 4

happy? 0 1 2 3 4

sad? 0 1 2 3 4
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Post-Game Deception Interview Questions

Please ask the child these questions directly to determine whether the motivation they describe is
instrumental versus hostile. Questions 1-4 will be scored as Instrumental for responses indicating a
purposeful, goal directed quality and which demonstrate clear intent to win the game, and as Hostile for
responses indicating a mean, vindictive, or primarily retaliatory purpose for aggressive responding.
Write the child’s response verbatim in the space provided.

1. Why do you think the other child took your money away from you?

Instrumental  Hostile

2. Why do you think the other child sent you blasts of noise?

Instrumental  Hostile

3. (only if in retaliation money condition) What were you thinking when you took money away from
the other child? Why did you take money away from the other child?

Instrumental  Hostile

4. (only ifin retaliation sound condition) What were you thinking when you sent a noise to the other
child? Why did you send a noise to the other child?

Instrumental  Hostile
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Appendix D
MHPG Assay Procedure

Prep Instrument (HPLC)

Prepare catecholamine buffer (6% methanol):

Sodium Acetate, anhydrous 16.49g

Citric Acid 9.69g

EDTA 100mg

Octanesulfonic Acid 100mg

Methanol 120 mL

Place ~1800mL DI water in a 2L beaker and begin stirring. Add the above chemicals.
Adjust the pH to 4.7 with Acetic Acid (conc). Transfer to a 2L volumetric flask and fill
to volume with DI water. Filter through a 47mm 0.2u filter.

Equilibrate HPLC with the catecholamine buffer (0.5mL/min). Turn on electrochemical detector and allow to equilibrate.

Turn on autosampler tray thermostat for 4°C so that the samples stay cold while waiting to be run.
ECD at +0.61v, spacer 50u, filter 1s, range 200nA, 25 degrees

C.

HPLC column used: Macherey-Nagel CC 250/4 Nucleodur 100-3 C18 ec. Part # 761004.40

Standard prep
Make a standard curve for MHPG (does not need to contain IP b/c samples have an interfering peak at the IP
retention time.)

Make an IP standard 1x10° M and 1x10” M.

For MHPG standard curve, prepare in catecholamine buffer that does NOT contain methanol.

Prepare a 1x10™ M by weighing 11.4 mg MHPG into 0.5 mL buffer.
make the
following :

10 = 10uL of 10" into 990 uL buffer.

10 = 100uL of 10 into 900 uL buffer

10 = 10 uL of 10 into 990 uL buffer.

NOW FROM THESE STANDARDS, CREATE THE FOLLOWING STANDARDS FOR THE STANDARD CURVE
5x10° M = 50 uL of 1x10™ MHPG + 950 uL buffer.

1x10° M = 100 uL of 1x10° MHPG + 900 uL buffer.

5x107 M = 50 uL of 1x10™° MHPG + 950 uL buffer.

1x10” M = 100 uL of 1x10° MHPG + 900 uL buffer.

5x10®° M = 50 uL of 1x10° + 950 uL buffer.

Sample prep

Remove sample from freezer.

Spin down in centrifuge for 5 minutes.

Place samples in ice bucket.

We will use the Oasis, 1cc 30mg HLB cartridges for extraction (Waters part # 186001879)

(the cartridges are allowed to dry in between steps, so no need to close each cartridge when empty)

Place 10 waste test tubes in the test tube rack that fits into the Baker SPE-10 (solid phase extraction apparatus)
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Place 10 Waters Oasis HLB cartridges on top.

Condition with 1 mL of methanol.

Add 1 mL of water.

Load 1 mL of sample or MHPG standard or IP

solution

Wash with 1 mL of 5% methanol in water.

(now open SPE apparatus and remove the test tubes, this is waste)
Put in new numbered test tubes to collect sample extractions.

Elute with 1 mL of methanol

Take the test tubes and quantitatively transfer (using methanol) to small screw cap vials that can be placed
under hood in evaporator.

Evaporate down to dryness under

nitrogen.

Add 100 uL of catecholamine buffer and vortex. Transfer to filter syringe and filter into an numbered HPLC
vial.

Ready for analysis.

So also run | mL of IP 1x10" M through a cartridge- this will be conc to 1x10°® and run on HPLC and used for recovery.
Run the standard IP 1x10°® M on the HPLC (without going through cartridge). Compare the two and calculate a recovery.

For samples, use 1 mL of saliva (or less if you don't have 1 mL. Less than 0.5 mL is too little)
When calculating results, change the multiplier to reflect both amount of sample used and recovery.
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Appendix E
Self Behavior Rating Form
Instructions: Listed below are a series of statements describing behaviors that you may

show. For each statement, please enter the number which best describes how often
you show that behavior.

[ this often: 1 = Never
2 = Sometimes
3 = Very Often

Have a good sense of humor

Get mad when corrected :

Deliberately play mean tricks on other children
Misbehave when my teacher’s or parent’s back is turned
Take things from other children without their knowledge
Need to be the leader all the time

Pick on kids smaller than me

Am a leader of playground games

Cause trouble but don’t get caught

10. Blame others when | get into trouble

11. Get mad when | don’t get my own way .

12. Say mean things about other children behind their back
13. Invite playmates to join games or activities

14. Fight with other children for no good reason

15. Change the rules of the game to help myself win

16. Stay calm when little things go wrong

17. Get mad for no good reason

18. Do sneaky things

19. Have hurt others to win a game or contest

20. Am a poor loser

21. Get others to gang up on children

22. Volunteer to help classmates in class or on the playground
23. Share things with others

24. Tell people things that aren’t true

25. Write things on the walls

26. Won't admit that anything is ever my fault

27. Threaten others .

28. Make friends easily .

©CoNorwWNE
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Appendix F
Self Proactive and Reactive Aggression Scale

For each of the following statements, please circle the number that best applies to you. Use the
scale below to determine the best applying number.

never true rarely true  sometimes true usually true  almost always true

1 2 3 4 5
1. When you have been teased or threatened, you get
angry easily and strike back. 1 2345

2. You always claim that other children are to blame in a
fight and feel that they started the trouble. 1 23435

3. When a peer accidentally hurts you (such as by bumping
into him or her), you assume that the peer meant to do it,

and then overreact with anger/fighting. 1 23 435

4. You get other kids to gang up on a peer that you
do not like. 1 2345

5. You use physical force (or threatens to use force) in
order to dominate other kids. 1 23 45

6. You threaten or bully others in order to get your way. 1 2345
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Appendix G
Self Reported Delinquency Scale

Please read each of the questions below and indicate how often you have engaged in each
behavior.

1. Have you driven a car without a driver’s license or permit?
1. Very Often
2. Several times
3. Once or Twice
4. Never

2. Have you ever taken little things (worth less than $2) that did not belong to you?
1. No
2. Once or Twice
3. Several times
4. Very Often

3. Have you bought or drunk beer, wine, or liquor?
1. Very Often
2. Several times
3. Once or Twice
4. No

4. Have you purposely damaged or destroyed public or private property that did not belong
to you?
1. No
2. Once or Twice
3. Several times
4. Very Often

5. Have you skipped school without a legitimate excuse?
1. No
2. Once or Twice
3. Several times
4. Very Often

6. Have you defied your parents’ authority (to their face)?
1. Very Often
2. Several times
3. Once or Twice
4. No



7. Have you “run away” from home?
1. No
2. Once or Twice
3. Several times
4. Very Often

8. Have you taken part in “gang fights”?

1. Five or more times
2. Three or four times
3. Once or twice

4. No
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9. Have you taken things of medium value (between $2 and $50)?

1. No

2. Once or Twice
3. Several times
4. Very Often

10. Have you driven a car without the owner’s permission?

1. No

2. Once or Twice
3. Several times
4. Very Often

11. Have you taken things of large value (over $50)?

1. Very Often
2. Several times

3. Once or Twice
4. No

12. Have you used force (strong-arm methods) to get money from another person?

1. No

2. Once or Twice
3. Several times
4. Very Often

13. Have you used marijuana, LSD, or other dangerous drugs?

1. No

2. Once or Twice
3. Several times
4. Very Often
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Appendix H
Life Events Checklist

Below is a list of things that sometimes happen to people. Put a \ in the space by each of the
events you have experienced during the past year (12 months). For each of the events you check
also indicate whether you would rate the event as a Good event or as a Bad event. Finally,
indicate how much you feel the event has changed or has had an impact or effect on your life by
placing a circle around the appropriate statement (no effect, some effect, moderate effect, great
effect). Remember, for each event you have experienced during the past year, (1) place an “V” in
the space to indicate you have experienced the event, (2) indicate whether you viewed the event
as good or bad event, and (3) indicate how much effect the event had on your life.

Type of Impact or Effect of Event on
Event Your Life

Event v (circle one)
1. Moving to a new home Good Bad None Some Moderate Great
2. New brother or sister Good Bad None Some Moderate Great
3. Changing to a new school Good Bad None Some Moderate Great
4. Serious illness or injury to family member Good Bad None Some Moderate Great
5. Parents divorced Good Bad None Some Moderate Great
6. Increased number of arguments between Good Bad None Some Moderate Great
parents
7. Mother of father lost job Good Bad None Some Moderate Great
8. Death of a family member Good Bad None Some Moderate Great
9. Parents separated Good Bad None Some Moderate Great
10. Death of a close friend Good Bad None Some Moderate Great
11. Increased absence of parent from the home Good Bad None Some Moderate Great
12. Brother or sister leaving home (e.g., move Good Bad None Some Moderate Great
out, go to school)
13. Serious illness or injury of close friend Good Bad None Some Moderate Great
14. Parent getting into trouble with law/police Good Bad None Some Moderate Great
15. Parent getting a new job Good Bad None Some Moderate Great
16. New stepmother or stepfather Good Bad None Some Moderate Great
17. Parent going to jail Good Bad None Some Moderate Great
18. Change in parents’ financial status Good Bad None Some Moderate Great
19. Trouble with brother or sister Good Bad None Some Moderate Great
20. Special recognition for good grades Good Bad None Some Moderate Great
21. Joining a new club Good Bad None Some Moderate Great
22. Losing a close friend Good Bad None Some Moderate Great
23. Decrease in number of arguments with Good Bad None Some Moderate Great
parents
24. Male: girlfriend getting pregnant Good Bad None Some Moderate Great
25. Female: getting pregnant x Good Bad None Some Moderate Great
26. Losing a job Good Bad None Some Moderate Great
27. Making the honor role Good Bad None Some Moderate Great
28. Getting a job of your own Good Bad None Some Moderate Great
29. New boyfriend/girlfriend Good Bad None Some Moderate Great

30. Failing a grade Good Bad None Some Moderate Great



Psychobiological Mechanisms 88

31. Increase in number of arguments with Good Bad None Some Moderate Great
parents

32. Getting a job of your own x Good Bad None Some Moderate Great
33. Getting into trouble with police Good Bad None Some Moderate Great
34. Major personal illness or injury Good Bad None Some Moderate Great
35. Breaking up with boyfriend/girlfriend Good Bad None Some Moderate Great
36. Making up with boyfriend/girlfriend Good Bad None Some Moderate Great
37. Trouble with teacher Good Bad None Some Moderate Great
38. Male: girlfriend having abortion Good Bad None Some Moderate Great
39. Female: having abortion x Good Bad None Some Moderate Great
40. Failing to make an athletic team Good Bad None Some Moderate Great
41. Being suspended from school Good Bad None Some Moderate Great
42. Making failing grades on report Good Bad None Some Moderate Great
43. Making an athletic team Good Bad None Some Moderate Great
44. Trouble with classmates Good Bad None Some Moderate Great
45. Special recognition for athletic performance Good Bad None Some Moderate Great
46. Getting put in jail Good Bad None Some Moderate Great
Other events which have had impact on your life. Please list and rate.

47. Good Bad None Some Moderate Great
48. Good Bad None Some Moderate Great
49. Good Bad None Some Moderate Great

50. Good Bad None Some Moderate Great
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Appendix I
Community Violence Exposure

Directions:

These questions ask about VIOLENCE. Violence is when somebody attacks or hurts another
person. The questions are about things that may have happened at home, school, or in your
neighborhood. Make sure you answer each question by putting a circle around the phrase that is
most true for you.

Here is a practice question:
Sample: Have you ever eaten ice cream?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

THESE QUESTIONS ASK ABOUT VIOLENCE AGAINST A
STRANGER. A STRANGER IS SOMEBODY YOU DON’T KNOW.

1. Have you ever watched somebody being beaten up on TV or in the movies?

No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
2. Has anyone ever told you that a stranger was beaten up?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
3. Have you ever seen a stranger being beaten up?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

4. Have you ever watched somebody being chased or seriously threatened on TV or in
the movies?

No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
5. Has anyone ever told you that a stranger was chased or seriously threatened?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
6. Have you ever seen a stranger being chased or seriously threatened?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

7. Have you ever watched somebody being robbed or mugged on TV or in the movies?
No, Never One Time A Few Times Many Times Every Day



Psychobiological Mechanisms 90

8. Has anyone ever told you that a stranger was robbed or mugged?

No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
9. Did you see a stranger being robbed or mugged?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
10. Have you ever watched somebody being shot or stabbed on TV or in the movies?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
11. Has anyone ever told you that a stranger was shot or stabbed?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
12. Have you ever seen a stranger being shot or stabbed?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
13. Have you ever watched somebody being killed on TV or in the movies?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
14. Has anyone ever told you about a stranger being killed?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

15. Have you ever seen a stranger being Killed?

No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

These questions ask about violence against familiar people. Familiar
people are people you know, like friends, classmates, relatives, cousins,
sisters, brothers, and parents.

16. Has anyone ever told you about somebody you know being beaten up?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

17. Have you ever seen somebody you know being beaten up?
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No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

18. Has anyone ever told you that somebody you know was chased or seriously
threatened?

No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
19. Have you ever seen somebody you know being chased or seriously threatened?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
20. Has anyone ever told you about somebody you know being robbed or mugged?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
21. Have you seen somebody you know being robbed or mugged?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

22. Has anyone ever told you about somebody you know being shot or stabbed?

No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
23. Have you ever seen somebody you know being shot or stabbed?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
24. Has anyone ever told you about somebody you know being killed?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
25. Have you ever seen somebody you know being Killed?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

These questions ask about violence that has happened to you.
26. Have you ever been beaten up (slapped, kicked, bitten, hit, punched)?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

27. Have you ever been chased (had somebody come after you to hurt you) or
threatened ( or warned) to have your body badly or seriously hurt?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
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28. Have you ever been robbed (or held up) or mugged?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4

29. Have you ever been shot (hit with a bullet from a gun or stabbed with a knife?
No, Never One Time A Few Times Many Times Every Day
0 1 2 3 4
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Appendix J
Parent Permission Form for Hunton

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Permission Form for Participants of Investigative Projects
(Parent for Child)

The Purpose of this Research/Project

Your child has been invited to participate in a research study run through the Hunton Inc.
and the Department of Psychology at Virginia Tech. The project studies emotional reactions in
7-16 year-old children who may have emotional or behavioral problems such as depressed mood,
anxiety, conduct problems, or attentional difficulties. Approximately one hundred children are
being asked to participate.

[l Procedures

As part of this study, your child will be asked to complete several computer tasks and
questionnaires, described below. Physical responses in your child that show his/her emotional
reaction to the computer tasks will also be measured. The entire session will last approximately
3 hours and will be conducted at Hunton Inc.

Physical responses are measured by changes in your child’s heart rate, skin sweat, and in
the activity of the hormone, cortisol, as well as in the neurochemical, norepinephrine. Cortisol
and norepinephrine are natural chemicals in the body that guide certain body functions such as
energy, and they can be measured through the saliva in the mouth. Changes in heart rate, sweat,
cortisol, and norepinephrine occur when children feel they are stressed or nervous, but some
children can manage these reactions more easily than others. Physical responses are important to
measure because they can affect how a child acts and feels in daily situations that they may think
are stressful (for example, when they compete with other children in games or when they take a
test).

Because puberty can also affect your child’s physical responses and behavior, this study
will also measure your child’s level of development. This will be done through a questionnaire
completed by your child where your child will be asked if he/she has noticed any changes that
occur as children become teenagers (for example, facial hair for boys or breast growth for girls).
His/her height and weight also will be measured. We will also ask your child if he/she has
asthma, heart problems, or any other physical illness because these can affect physical responses.
Your child may not be able to participate if he/she has a severe illness.

Your child will be asked to complete an interview, several questionnaires, and two
computer games. The interview will ask questions related to various mood and behavior
problems, and will be videotaped so we can determine the interviewer’s accuracy. The
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questionnaires will ask about your child's mood, behaviors, and views about his/her family. The
first computer game is a card game where your child tries to earn the most points associated with
different cards. In the second computer game, your child believes that he/she is playing against
another child for points and that the child earning the most points wins the game. During the
game, your child may give or receive a startling burst of noise or lose points on the computer.
This makes the game similar to other computer games that are challenging and slightly stressful
for children. Really, there is no other child playing the game with your child. Your child will
simply play against the computer, but he/she believes that another child is also playing from
another facility. We must pretend that another child is there in order to make the competition
seem real so that the child will be most motivated to play. This is so we can measure physical
responses that might occur in similar situations that children have with other children. We ask
that you do not speak to the child about this game before he/she participates. Your child
will be told about the fake opponent once the data collection is complete. At that time, your
child will have the opportunity to remove his data from the study. Before and after the game
your child will be asked some questions about his/her mood and thoughts about the game (for
example, "How excited did the game make you?"). Your child's responses to these questions
before and after the game, not during the game, will be audiotaped so that we may review them
at a later time.

Your child’s heart rate and sweating will be measured before and after the second
computer game from a sensor placed on the skin over the collarbone, below the lower ribs, and
on his/her hand. This is like procedures used in hospitals and involves no pain or risk for your
child, although the sticker on the sensors may hurt like a band aid when removed from the skin.
Cortisol will be measured in your child's saliva three times — once before and twice after the
computer game. Norepinephrine is also measured at these three times, with one additional
measure after the computer game. Saliva is collected by having him/her soak a cotton swab in
the mouth and then place it in a small tube. Cortisol and norepinephrine are measured from the
saliva collected in the tube.

[l. Risks

The only risk of participating in this study is the possibility that your child might
experience feelings of uneasiness during the computer task, which is mildly stressful. For
example, your child may feel angry or upset when the "competitor" in the computer game
removes points from him/her. Another example is that the loud noises from the game may startle
your child. To minimize any discomfort, this study uses only procedures that have been
successfully used before with no negative effects on participants. Furthermore, you are free to
withdraw your child from this study at any time with no penalties. Your child is also told that
he/she does not have to participate or may stop playing the game at any time if he/she wishes to
do so. The child is also told that he/she does not have to answer any questions if he/she does not
want to. Furthermore, in the event that the child reports that he/she is being harmed by others
and/or a family member, we are required to report this information to the proper authorities, after
which an investigation might occur.

V. Benefits of this Project
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The benefit of this project will be a better understanding of emotional and behavioral
problems and development in children. Note that there is no guarantee of benefits made to
encourage you or your child to participate. The participation of your child is completely
voluntary.

V. Extent of Anonymity and Confidentiality

Any information obtained during this research will be kept confidential. Situations where
confidentiality must be broken include 1) if a previously unreported incident of child abuse is
known or strongly suspected or 2) if a participant is believed to be a threat to him/herself or
others. In these cases, the investigator must notify appropriate authorities, and you will be
informed of the need to report. The authorities would be provided the information about the
possibility of harm to the child or others that was obtained during the interviews or
questionnaires (e.g., via self-report, audio tape).

Because we have obtained a Certificate of Confidentiality from the National Institutes of
Health, we cannot be forced to disclose information that may identify the participant, even by
court subpoena, in any federal, state, or local civil, criminal, administrative, legislative, or other
proceedings. However, the Certificate does not prevent the participant or the participant’s
guardian from voluntarily releasing information about the participant’s involvement in the
research. Furthermore, the Certificate cannot be used to withhold information if the participant
or guardian gives voluntary consent to an outside party to receive such information. Lastly, the
Certificate does not prevent the investigator from disclosing the participant’s information in
order to prevent serious harm to the participant or others.

All information is coded after it is obtained so there is no way to associate you or your
child by name with the information. Any information that has a name or code on it will be kept
in locked files. Only designated research staff will have access to this information. Furthermore,
all tapes will be destroyed after the information has been coded, about three months from now.
At no time will information obtained from this study be released to anyone without your written
consent, except under the conditions noted above. Results may be published or presented for
scientific purposes, but your or your child’s identity will not be revealed in any description or
publication of this research.

VI. Compensation
Your child will be invited to a party held at Hunton Inc. at the end of the data collection

(approximately 4 months), where small prizes (e.g., notebooks, pencils, McDonald’s gift
certificates) and food will be provided.

VIl. Freedom to Withdraw
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You are free to withdraw your child from this study at any time without penalty. Parents
and children have the right to refuse to answer any questions or respond to any part of this study,
and there would be no penalty.

There may be times that the investigator determines that your child cannot continue in the
study. In these cases, you will be notified and the session will end.

VIIl.  Approval of Research
This project has been approved, as required, by the Institutional Review Board for
Research Involving Human Subjects and the Department of Psychology at Virginia Polytechnic
Institute and State University.
IX. Parent’'s Responsibilities
I give my permission for my child to participate. I have the following responsibilities:
1. Give my permission for my child to complete psychological and physical
assessments, consisting of computer tasks, questionnaires, and an interview.
2. Do not tell my child that there is no real competitor in the computer game before
he/she plays.
X. Permission
I have read the preceding Permission Form and conditions of this project, or it has been
read to me, and I understand its contents. Any questions [ have about the study have been
answered. If my child participates, I understand that he/she may withdraw at any time without

penalty. I agree to abide by the rules of this project.

I give my voluntary permission for my child’s participation in this project. A signed
copy of this permission form will be given to me.

Should I have any questions about this research, I may contact any of these persons:

Dr. Angela Scarpa, Investigator, Department of Psychology 231-2615
Dr. Thomas H. Ollendick, Director, Child Study Center 231-6451
Dr. D.W. Harrison, Psychology Human Subjects Committee 231-4422
Dr. David M. Moore, Chair, IRB, Research Division 231-4911
Please indicate whether you give permission or do not give permission for your

child’s participation in the project. (Please check one.)

Parent/Guardian's Name (Printed)
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Parent’s/Guardian’s Signature Date
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Appendix K

Guardian Permission Form for Tekoa

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Permission Form for Participants of Investigative Projects
(Guardian of Child)

ADOLESCENT’S NAME JURISDICTION:

XI.  The Purpose of this Research/Project

The above named adolescent has been invited to participate in a study run through the
Tekoa Inc. and the Department of Psychology at Virginia Tech. The project studies
characteristics of adolescents who may have behavioral problems. Approximately 30 adolescent
males aged 12 to 16 are being asked to participate. Given some of the measures in the present
study, adolescents who have asthma, severe heart conditions, or any other physical illness that
can interfere with the assessment must be excluded. No adolescent will be excluded based upon
race. Since the adolescent is presently in your custody as part of the Department of Social
Services and housed at Tekoa Inc., we are asking for your permission to allow the adolescent to
participate.

XIl.  Procedures

As part of this study, the adolescent will be asked to complete a computer task and
questionnaires, described below. Hormonal responses in the adolescent’s saliva will also be
measured before and after the computer game. The entire session will last approximately 1-1.5
hours after the assenting process and will be conducted at Tekoa Inc.

A natural chemical in the saliva called 3-methoxy-4-hydroxyphenyglycol (MHPG) will be
measured through the saliva in the mouth. Saliva will be collected by having him soak a cotton
swab in the mouth and then place it in a small tube. This will be done four times during the
research session. Changes in this chemical occur when people feel they are stressed or nervous,
but some people can manage these reactions more easily than others. Physical responses are
important to measure because they can affect how an adolescent acts and feels in daily situations
that they may think are stressful (for example, when they compete with other kids in games or
when they take a test). No other chemicals will be measured in the saliva other than MHPG.

Because puberty can also affect physical responses and behavior of the adolescent in your
custody, this study will also measure the adolescent’s level of development. This will be done
through a questionnaire completed by the adolescent in your custody where he will be asked if he
has noticed any changes that occur as children become teenagers (for example, facial hair for
boys). His height and weight will also be measured. We will also ask the adolescent in your
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custody if he has asthma, heart problems, or any other physical illness because these can affect
physical responses. The adolescent may not be able to participate if he has a severe illness.

The adolescent in your custody will be asked to complete several questionnaires and a
computer game. The interview will ask questions related to various mood and behavior
problems. The questionnaires will ask about the adolescent's mood, behaviors, and views about
his family. Specifically, questionnaires cover the adolescent’s exposure to stressful events,
anxiety, aggressive and delinquent behaviors depressive symptoms, and perceptions of abuse and
neglect. Several questionnaires specifically assess the adolescent’s abuse experiences and
suicidal ideation. The computer game is called The Key Game and the adolescent will believe
that he is playing against another adolescent across the internet for points. He will be told that
the player earning the most points wins the game. During the game, the adolescent in your
custody may give or receive a startling burst of noise or lose points on the computer. This makes
the game similar to other computer games that are challenging and slightly stressful for youth.
Really, there is no other adolescent playing the game with the adolescent in your custody. The
adolescent in your custody will simply play against the computer, but he believes that another
adolescent is also playing from another facility. We must pretend that another adolescent is there
in order to make the competition seem real so that the adolescent will be most motivated to play.
This is so we can measure physical responses that might occur in similar situations that kids have
with other kids. We ask that you do not speak to the adolescent in your custody about this
game before he participates. He will be told about the fake opponent once the data collection
is complete. At that time, he will have the opportunity to remove his data from the study.

Before and after the game he will be asked some questions about his mood and thoughts about
the game (for example, "How excited did the game make you?").

Xlll. Risks

One risk of participating in this study is the possibility that the adolescent might
experience feelings of uneasiness during the computer task, which is mildly stressful. For
example, the adolescent in your custody may feel angry or upset when the "competitor" in the
computer game removes points from him. Another example is that the loud noises from the
game may startle him. He may also feel emotional distress during the completion of some of the
questionnaires. There may be other unknown risks not anticipated by the researchers, To
minimize any discomfort, this study uses only procedures that have been successfully used
before with no negative effects on participants. Furthermore, you are free to withdraw this
adolescent from the study at any time with no penalties. This adolescent is also told that he does
not have to participate or may stop playing the game at any time if he wishes to do so. The
adolescent is also told that he does not have to answer any questions if he does not want to.
Furthermore, in the event that the adolescent reports that he is being harmed by others and/or a
family member, we are required to report this information to the proper authorities, after which
an investigation might occur.

XIV. Benefits of this Project
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The benefit of this project will be a better understanding of emotional and behavioral
problems in adolescents. Note that there is no guarantee of benefits made to encourage you or the
adolescent to participate. The participation of the adolescent is completely voluntary.

XV. Extent of Anonymity and Confidentiality

Any information obtained during this research will be kept confidential. Situations where
confidentiality must be broken include 1) if a previously unreported incident of child
maltreatment is known or strongly suspected or 2) if a participant is believed to be a threat to
him/herself or others. In these cases, the investigator must notify appropriate authorities, and
you will be informed of the need to report. The authorities would be provided the information
about the child maltreatment and/or harm to self/others that was obtained (i.e., via self-report).

Because we have obtained a Certificate of Confidentiality from the National Institutes of
Health, we cannot be forced to disclose information that may identify the participant, even by
court subpoena, in any federal, state, or local civil, criminal, administrative, legislative, or other
proceedings. The researchers will use the Certificate to resist any demands for information that
would identify the participant. However, the Certificate cannot be used to resist a demand for
information from personnel of the United States Government that is used for auditing or
evaluation of Federally funded projects.

A study identification number will be chosen randomly from a table of random
numbers. This number will serve as the code number for all information collected from the
participant. No identifying information will be recorded on any of the questionnaires. The
Permission form, adolescent’s Assent form, and staff’s consent form will be locked in a separate
cabinet from the coded questionnaires in another lock files. Only designated research staff will
have access to coded information, while only the Investigators will have access to the signed
forms. Furthermore, all completed questionnaires will be destroyed after the information has
been coded, about three months from now. Information will not be released without written
consent from the participant unless during the research session 1) a previously unreported
incident of child abuse is discovered or strongly suspected or 2) the adolescent is believed to be a
threat to himself or others. Other information cannot be voluntarily released by the
experimenter. Results may be published or presented for scientific purposes, the adolescent’s
identity will not be revealed in any description or publication of this research.

XVI.  Compensation

There is no compensation for participating in this project. The adolescent’s participation
is completely voluntary. The adolescent’s participation will not impact his/her progress at Tekoa
Inc. nor will it affect Department of Social Services proceedings.

XVIl. Freedom to Withdraw

You are free to withdraw the adolescent from this study at any time without penalty.
Adolescents have the right to refuse to answer any questions or respond to any part of this study,
and there would be no penalty. There may be times that the investigator determines that your
adolescent cannot continue in the study. In these cases, the adolescent will be notified and the
session will end.
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XVIII. Approval of Research

This project has been approved, as required, by the Institutional Review Board for
Research Involving Human Subjects, the Department of Psychology at Virginia Polytechnic
Institute and State University, and the Executive Director of Tekoa Inc.

XIX. Guardian’s Responsibilities

I give my permission for the adolescent in my custody to participate. I give my
permission for this adolescent to complete the questionnaires, play the game, and have his saliva
collected for the purpose of measuring MHPG levels.

XX. Permission

I have read the preceding Permission Form and conditions of this project, or it has been
read to me, and I understand its contents. Any questions I have about the study have been
answered. If the adolescent in my custody participates, I understand that he may withdraw at any
time without penalty, including after completing the research session.

As the adolescent’s guardian, I give my voluntary permission for his/her participation in
this project. A signed copy of this permission form will be given to me.

I have received a copy of this form and should I have any questions about this research, |
may contact any of these persons:

Dr. Angela Scarpa, Investigator, Department of Psychology 231-2615
Dr. D.W. Harrison, Psychology Human Subjects Committee 231-4422
Dr. David M. Moore, Chair, IRB, Research Division 231-4911
Please indicate whether you give permission or do not give permission

for the adolescent’s participation in the project. (Please check one.)

Guardian's Name (Printed)

Guardian’s Signature Date
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Appendix L
Assent Form for Hunton
CHILD ASSENT TO PARTICIPATE IN A RESEARCH STUDY

I have been asked to be in a study of behavior in children. My hormones called cortisol
and norepinephrine will be measured when I play a computer game with others. I will be asked
questions about the game. I am also asked to fill out questionnaires about myself and to play a
computerized game. It will take about one hour to do all this.

For participating in the study, I will be invited to a party at the Hunton Inc. at the end of
the data collection (approximately 4 months), where small prizes and food will be provided. If1
am uncomfortable or feel any pain I should tell the experimenter so we can fix it or stop the
study. Also, if I do not want to answer any questions that is okay too. If I decide to withdraw
from the study any time after we begin, all I will need to do is tell the tester that I do not want to
answer any more questions. If I withdraw, I will still be able to attend the party.

Anything [ tell the tester is private. The testers have a form called a Certificate of
Confidentiality from the National Institutes of Health. This means the tester cannot be forced to
disclose information that may identify me, even by a court subpoena. However, the tester will
still have to report if [ am being hurt by others (including a parent) or if [ am going to hurt
myself or someone else.

If I have any questions now, I can ask the tester. If I have questions after the study is
finished, I may call Angela Scarpa at 231-2615. I can stop being in the study at any time, and |
can change my mind after I start. I have been given the opportunity to have my questions
answered regarding my participation in this study.

I want to say "yes" to be in the study.

Child’s Signature Date

Witness’s Signature Date
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Appendix M
Assent Form for Tekoa
ADOLESCENT ASSENT TO PARTICIPATE IN A RESEARCH STUDY

I have been asked to be in a study of behavior in adolescents. A hormone called MHPG from
norepinephrine will be measured when I play a computer game with others. Hormones are
chemicals in the body that can be measured through my saliva (spit). I am asked to play a
computer game with another adolescent. I will soak a cotton swab in my mouth and place it into
a small tube to collect saliva once before and twice after the game. For everyone's protection,
the tester will wear exam gloves to collect my saliva. I am also asked to fill out other
questionnaires about myself. It will take about 1-1.5 hours to do all this.

Anything I tell the tester is private. The testers have a form called a Certificate of Confidentiality
from the National Institutes of Health. This means the tester cannot be forced to disclose
information that may identify me, even by a court subpoena. However, the tester will still have
to report if [ am being hurt by others (including a parent) or if I am going to hurt myself or
someone else.

It is possible that during the session I may feel uncomfortable. For example, some of the
questions may upset me or I may feel upset when playing the game. I know that I do not have to
answer questions if I do not want to. I also do not have to play the game if I do not want to. I
can also stop being in the study if I want. No penalties will occur if I want to stop.

If I have any questions now, I can ask the tester. If I have questions after the study is finished, I
may call Angela Scarpa at 231-2615. I can stop being in the study at any time, and I can change
my mind after I begin the surveys and after the research session has ended. I can withdraw by
either telling the experimenter that I do not want to continue or by letting a Tekoa Inc. staff
member know that I do not want to continue. Absolutely no penalties would occur for my
decision to stop.

I have been given the opportunity to have my questions answered regarding my participation in
this study and have received a copy of this form.

I want to say "yes" to be in the study.

Adolescents’ Signature Date

Witness’s Signature Date
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Means (SD in Parentheses), F Values, and Significance Levels by Site.

Measures Hunton" Tekod” t p

Age 11.89 15.21 -5.35 00**
(2.22) (1.31)

Expressed Hostile Aggression® 30.00 27.40 .66 52
(31.29) (32.87)

Expressed Instrumental Aggression® 13.42 30.00 -1.92 .08
(9.60) (25.71)

Baseline MHPG(mol/L) 3.80E-08 2.69E-08 1.69 .10
(1.87E-08) (1.27E-08)

Post Game MHPG(mol/L) 3.73E-08 2.78E-08 1.61 11
(1.64E-08) (1.39E-08)

Post-10 MHPG(mol/L) 3.36E-08 2.48E-08 1.57 A2
(1.55E-08) (1.55E-08)

Post-40 MHPG(mol/L) 3.13E-08 2.09E-08 2.15 .04%*
(1.36E-08) (1.14E-08)

SBR (Instrumental) 13.78 15.00 -1.24 22
(3.23) (3.00)

SBR (Hostile) 9.06 9.08 -.03 .98
(2.55) (2.14)

SBR (Total) 22.82 24.08 =77 44
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(5.27) (4.94)

PRA (Hostile) 7.67 8.58 -98 33
(2.93) (2.84)

PRA (Instrumental) 4.30 5.08 -1.11 27
(2.22) (2.19)

PRA (Total) 11.96 13.67 -1.22 23
(4.30) (4.60)

AEQ (Physical Punishment) 1.78 3.75 -2.85 O1*
(1.63) (2.41)

AEQ (Parental Rejection) .26 .92 -2.30 .03*
(.71) (1.51)

AEQ (Negative Atmosphere) 1.37 3.25 -3.32 00%*
(1.27) (2.17)

SRDS 16.57 29.58 -8.03 00**
(4.31) (7.76)

LEC (sum good events) 5.46 3.33 2.76 01*
(2.48) (2.14)

LEC (sum bad events) 6.24 7.70 -1.02 31
(3.90) (5.29)

LEC (good life change score) 5.61 3.33 2.85 O1*
(2.57) (2.15)

LEC (bad life change score) 6.22 7.60 -.96 34

(3.90) (5.21)
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CREV (direct victimization) 1.78 4.21 -3.35 .00%*

(1.98) (3.07)

Note. All means and standard deviations are non-transformed values. All statistics are based on
transformed values. *N = 54. °N = 12. °N = 15 (Hunton) and 4 (Tekoa). “N = 14 (Hunton) and 4
(Tekoa). * p<.05.** p<.0l.



Table 2

Means (SD in Parentheses) for Mood Ratings Pre, During, and After Analog Aggression Task
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Mood Pre During After
Frustrated 21(.57) 1.34(1.49)° .85(1.46) "¢
Angry 13(.63)® 96(1.45)° .63(1.29) "¢
Nervous 69(.96)* 69(1.23)° 28(.85)"
Bored 61(1.18) 46(1.09) 52(1.13)
Excited 1.51(1.52)" 2.01(1.67)" 1.39(1.60) ¢
Happy 2.10(1.55) 1.75(1.64) 1.72(1.56)
Sad 21(.75) 33(.89) 33(.93)

Note. Different letters (i.e., ®, b, and ©) denote significant effects for paired sample t-test.
g p p
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Table 3
Zero-order Correlations between MHPG and Self-Reported Aggression.

1 2 3 4 5 6 7 8 9 10
1. Baseline MHPG 1.00
2. Post MHPG JI5** 1.00
3. Post-10 MHPG 0% T9** 1.00
4. Post-40 MHPG STH* JTEE JI5** 1.00
5. PRA-Instrumental 14 15 .08 .20 1.00
6. PRA-Hostile 13 .10 -.03 .09 A44% 1.00
7. PRA-Total .16 14 .02 .16 80** 89** 1.00
8. SBR-Hostile -.03 .03 .03 15 S3x* 53 63%* 1.00
9. SBR-Instrumental 13 .10 .09 .07 ATHE A4xE S3x* 68%** 1.00
10. SBR- Total .04 .06 .06 12 S5%* S4xE 64%% 94%% 89** 1.00

Note. *p < .05 [2-tailed]. ** p <.01 [2-tailed]. PRA — Proactive and Reactive Aggression questionnaire. SBR — Self Behavior Rating

questionnaire.
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Table 4

Means (SD in Parentheses) for MHPG Levels by Assigned Condition.

Assigned Condition
MHPG No Retaliation(N=27)  Hostile(N=14) Instrumental(N=15) Pooled
Baseline 4.08(2.01) 3.64(1.61) 2.75(1.40) 3.62(1.82)"
Post 3.79(1.37) 3.74(2.10) 3.04(1.56) 3.57(1.62)°
Post-10 3.51(1.69) 3.51(1.73) 2.42(.79) 3.21(1.57)¢
Post- 40 3.27(1.40) 3.09(1.52) 2.31(.98) 2.97(1.38)"¢
Pooled 3.66(.27)" 3.49(.37) 2.63(.36)

Note. All MHPG values are to the E-08. Different letters (i.e., %, °, ¢, and ¢) denote
significant or approaching significant effects for pairwise comparison tests. Significant

differences were also found between the instrumental and no retaliation for baseline, post
10, and post 40 MHPG levels.
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Table 5
Zero-order Correlations between MHPG Levels, Self-Reported Aggression, and Rearing

Environment Variables.

PRA- SBR- Baseline Post Post 10 Post 40

Total Total MHPG MHPG  MHPG MHPG
Physical Punishment 14 .14 .09 23 21 .04
Parental Rejection A3 A3 -.02 -.02 -.02 .01
Negative Family A42%* 30%* -.19 -.02 -.02 A1

Note. *p < .05 [2-tailed]. ** p < .01 [2-tailed].
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Table 6

Zero-order Correlations between Mood Ratings and Self-Reported Aggression.

1 2 3 4 5 6 7 8 9 10 11 12
1. Frustrated before 1.00
2. Anger Before S1F€ 0 1.00
3. Frustrated during .35** 21 1.00
4. Angry during AlxE 28* S59*%% 1.00
5. Frustrated after ~ .42**  39**  50**  53*%%  1.00
6. Angry after S0xE - 33Fx 0 45%x 62%*  g&**  1.00
7. PRA-Total 13 18 37FE - 48F*  30% .16 1.00
8.PRA- .04 .03 30* J38¥*k 5% .09 80**  1.00
Instrumental
9. PRA-Hostile 17 24 3%k 43Fx 26 17 89%*F - 44%% 1,00
10. SBR-Total .16 29% A0¥E  44%x Ae*E 43%% p4%* 55 S4%% 0 1.00
11.SBR- 11 31* 30% ¥k ATRE . ADxx o3FEk  53FE 53Fx 04%*F  1.00
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Instrumental
12. SBR-Hostile .20 21 A46** 44** 37** 36** S3*x 0 47x* 44x* ROF*  GR** ] ()0

Note. *p < .05 [2-tailed]. ** p < .01 [2-tailed]. PRA — Proactive and Reactive Aggression questionnaire. SBR — Self Behavior Rating

questionnaire.
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Table 7
Model Testing for Moderational Effects of Baseline MHPG on Negative Family

Atmosphere and Total Aggression (PRA).

Variable B SE B B AR?
Block 1 .03
Physical Punishment 73 .88 d1
Parental Rejection 3.94 5.06 A1
Block 2 5%
Physical Punishment -.03 .86 -.00
Parental Rejection 1.06 6.14 -.02
Negative Family 3.18 1.03 A43%*
Block 3 .06*
Physical Punishment -.30 .84 -.05
Parental Rejection -.87 4.78 -.02
Negative Family 3.66 1.03 S0**
Baseline MHPG .62 .30 26%*
Block 4 .03
Physical Punishment -.16 .84 -.03
Parental Rejection -2.48 4.89 -.07
Negative Family 3.62 1.02 A49%*
Baseline MHPG 76 31 32%

Negative x Baseline .62 47 18
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Note. N=56. PRA=Proactive and Reactive Aggression questionnaire. *p<.05. **p<.01.
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Table 8

Zero-order Correlations between Mood Ratings and Rearing Environment

Characteristics.
Physical Parental Negative
Punishment  Rejection Family

Frustrated Before .20 .01 .09

Angry Before A3 J32%*® 13
Frustrated during .06 -.07 .08

Angry during A3 -.01 25%
Frustrated after 19 13 24*
Angry after A2 .08 20%

Note. *p < .05 [2-tailed]. ** p < .01 [2-tailed].
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Zero order correlations between Self-Reported Delinquency, MHPG levels, and Rearing Environment.

1 2 3 5 6 7 8
1. Physical Punishment 1.00
2. Parental Rejection .20 1.00
3. Negative Family 28%* 38%* 1.00
4. Delinquency 39%* 25% S2%* 1.00
5. Baseline MHPG .09 -.02 -.19 -.10 1.00
6. Post MHPG 23 -.02 -.02 .01 Wk 1.00
7. Post 10 MHPG 21 -.02 -.02 .06 70%* Wk 1.00
8. Post 40 MHPG .04 .01 d1 .03 STH* JTE JI5** 1.00

Note. *p < .05 [2-tailed]. ** p < .01 [2-tailed]. PRA — Proactive and Reactive Aggression questionnaire. SBR — Self Behavior Rating

questionnaire.
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Model Testing for Moderational Effects of Baseline MHPG on Physical Punishment and Self-

Reported Delinquency.
Variable B SE B B AR?
Block 1 18#*
Physical Punishment 4.60 1.37 A2H*
Block 2 .02
Physical Punishment 4.85 1.37 A44%*
Baseline MHPG -.59 Sl -.14
Block 4 .00
Physical Punishment 4.83 1.41 A43%*
Baseline MHPG -.58 .53 -.14
Punish x Baseline -.07 91 -.01

Note. N=56. **p<.01.
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Model Testing for Moderational Effects of Post Levels of MHPG on Parental Rejection and Self-

Reported Delinquency.
Variable B SE B B AR?
Block 1 .05
Parental Rejection 14.10 8.44 22
Block 2 .01
Parental Rejection 14.27 8.66 22
Post MHPG -.34 1.13 -.07
Post 10 MHPG 72 1.13 15
Post 40 MHPG -.18 1.28 -.03
Block 3 18%*
Parental Rejection 11.09 8.54 17
Post MHPG -.63 1.08 -.14
Post 10 MHPG 1.559 1.11 32
Post 40 MHPG -1.17 1.29 -21
Rejection x Post -7.15 14.19 -.20
Rejection x Post 10 35.64 12.62 1.10**
Rejection x Post 40 -35.55 16.75 -72%

Note. N=56. *p<.05. **p<.01.
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Table 12
Model Testing for Moderational Effects of Post Levels of MHPG on Physical Punishment and

Self-Reported Delinquency.

Variable B SE B B AR?
Block 1 18#*
Physical Punishment 4.70 1.37 A2H*
Block 2 .02
Physical Punishment 5.23 1.48 ATH*
Post MHPG -1.17 1.06 -.25
Post 10 MHPG .07 1.05 .01
Post 40 MHPG 1.07 1.22 .19
Block 3 .06
Physical Punishment 6.37 1.59 STHE
Post MHPG -1.80 1.14 -39
Post 10 MHPG 13 1.05 .03
Post 40 MHPG 1.32 1.30 24
Punish x Post -.16 1.76 -.02
Punish x Post 10 3.21 1.98 44
Punish x Post 40 -1.63 2.00 -21

Note. N=56. **p<.01.
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Figure 1

Proposed Model for Present Project
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30 -
High Post 10 MHPG Concentrations (6=.30)*
25 .-

20 +

15 | e Low Post 10 MHPG Concentrations (5b=.02)

Self-Reported Delinquent
Behaviors

10

-1SD Mean +1SD +2SD

Parental Rejection

Figure 2. Regression lines for High and Low Post 10 MHPG Concentrations on the Relationship
between Parental Rejection and Self-Reported Delinquent Behaviors. b=standardized coefficient.

*p<.05.
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