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Abstract

The current study examined the main effects of hostile attributional bias (HAB) and negative
emotional responding on a variety of aggressive behaviors in adults, including general aggression,
physical aggression, relational aggression, and verbal aggression. Effects of both externalizing
(anger) and internalizing (embarrassment/upset) negative emotions were considered. In addition,
the moderating roles of gender and impulsivity on the effects of HAB and negative emotional
responding were explored. Multilevel models were fitted to data from 2,749 adult twins aged 20—
55 from the PennTwins cohort. HAB was positively associated with all four forms of aggression.
There was also a significant interaction between impulsivity and HAB for general aggression.
Specifically, the relationship between HAB and general aggression was only significant for
individuals with average or above-average levels of impulsivity. Negative emotional responding
was also found to predict all measures of aggression, although in different ways. Anger was
positively associated with all forms of aggression, whereas embarrassment/upset predicted
decreased levels of general, physical, and verbal aggression but increased levels of relational
aggression. The associations between negative emotional responding and aggression were
generally stronger for males than females. The current study provides evidence for the utility of
HAB and negative emotional responding as predictors of adult aggression and further suggests
that gender and impulsivity may moderate their links with aggression.
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INTRODUCTION

Aggressive behaviors have serious emotional and social consequences. Associations
between aggression and peer rejection, depression, and academic failure have been
consistently documented in samples of children and adolescents [Crick et al., 1999; Ostrov
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and Godleski, 2009]. In adults, aggression is often comorbid with a wide variety of
psychiatric conditions and can lead to severe social and economic consequences [Asberg,
1994; Caspi et al., 1998; Coccaro et al., 2009; Friedman and Booth-Kewley, 1987; Riley et
al., 1989; Swanson et al., 1990]. Therefore, understanding the etiology of aggressive
behaviors has been an important focus in past research [Bailey and Ostrov, 2008].

Information-processing theories were first introduced in 1960s and 1970s to explain a
variety of social behaviors, such as decision making and problem solving [e.g., Abelson,
1968; Simon, 1969; Wyer, 1974]. Enlightened by this pioneering work, a number of
information-processing models were developed in the 1980s and 1990s to specifically
explain individual differences in aggressive behaviors [e.g., Crick and Dodge, 1994; Dodge,
1980; Huesmann, 1982, 1988, 1998]. Overall, these information-processing models
highlighted two broad cognitive processes underlying aggressive responses: (1) encoding
and interpretation of cues (e.g., attribution of intent); and (2) response assessment and
enactment (e.g., evaluation of the likelihood that each alternative will produce the desired
outcomes). In particular, hostile attributional bias (HAB) consistently plays a central role
across different information-processing theories of aggression [Guerra and Huesmann, 2004;
Huesmann, 1998].

HAB, defined as a tendency to interpret the intent of others as hostile when social context
cues are ambiguous [Milich and Dodge, 1984], has been viewed as a key element in the
etiology of problem behaviors [Orobio de Castro et al., 2002]. According to information-
processing perspectives, aggressive individuals make hostile attribution to others’ intent
more often than nonaggressive individuals [Dodge, 1980; Huesmann, 1998]. Consistent with
this hypothesis, empirical studies routinely find a positive relationship between HAB and
aggressive behaviors [e.g., Bailey and Ostrov, 2008; Crick, 1995; Crick et al., 2002; Dodge,
1980; Dodge and Somberg, 1987; Feldman and Dodge, 1987; Hubbard et al., 2001]. In a
recent meta-analysis, the relationship between HAB and aggressive behaviors across studies
had a weighted mean effect size of r = .17 [Orobio de Castro et al., 2002].

Although the relationship between HAB and aggressive behaviors has been widely
examined using child or adolescent samples [e.g., Crick et al., 2002; Crick and Dodge, 1996;
Hubbard et al., 2001; see Orobio de Castro et al., 2002 for a review], only a small number of
published studies have examined the HAB-aggression link in adult populations [i.e., Bailey
and Ostrov, 2008; Barefoot et al., 1989; Basquill et al., 2004; Epps and Kendall, 1995;
MacBrayer et al., 2003; Matthews and Norris, 2002; Miller and Lynam, 2006]. Although
these studies all supported a positive association between HAB and aggression, findings
were based on relatively small samples (ranging from N = 45-263). In addition, the majority
of the studies were not conducted on samples of general adult population, but on college
students [i.e., Bailey and Ostrov, 2008; Barefoot et al., 1989; Epps and Kendall, 1995;
Miller and Lynam, 2006] or adult males with mild mental retardation [i.e., Basquill et al.,
2004], which has limited generalizability. Thus, there is a need to further evaluate the role of
HAB in the development of aggressive behaviors in large, epidemiologically based samples
of adults.
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The Role of Emotions in Information-Processing Models of Aggression

Existing research on information-processing models of aggression has largely examined the
effects of HAB on aggression without taking the role of emotions into account. Cognitive
and emotional processes are interrelated dimensions [Loeber and Coie, 2001] and both HAB
and emotion reactions are closely associated key components of information-processing
models [Crick and Dodge, 1994; Guerra and Huesmann, 2004; Lemerise and Arsenio,
2000]. Not only can the interpretation of other’s intent as hostile lead to negative emotional
responses, but negative emotions in the context of ambiguous social situations may facilitate
both hostile attributions and the retrieval of aggressive responses [Berkowitz, 1990; Crick
and Dodge, 1994; Huesmann, 1998; Lemerise and Arsenio, 2000].

Empirically, negative emotions have been in general positively associated with both
aggressive behaviors [e.g., Arsenion et al., 2000; Cornell et al., 1999; Deater-Deckard et al.,
2010; Eisenberg et al., 2009] and hostile attributions of intent [see Lemerise and Maulden,
2010 for a review]. However, previous studies have usually not taken an integrative
perspective of HAB and negative emotional responding by examining the effects of these
two processes on aggression simultaneously. In addition, the majority of prior work has not
consistently differentiated externalizing (e.g., anger) and internalizing (e.g., sadness or
embarrassment) negative emotions, although theoretical work suggests that these two forms
of negative emotions vary in their functions [Izard and Ackerman, 2000]. For instance,
while anger is proposed to lead to increased levels of motor activity, sadness is hypothesized
to decelerate the cognitive and motor systems [lzard and Ackerman, 2000]. Thus, an angry
emotional response may increase aggressive behaviors, while feelings of embarrassment or
upset might actually be associated with lower levels of aggression. The positive association
between anger and aggression has been widely supported [e.g., Arsenion et al., 2000; Baker
and Bramston, 1997; Cornell et al., 1999; Deater-Deckard et al., 2010; Eisenberg et al.,
2009; Fives et al., 2011; Lemery et al., 2002; Murray-Close et al., 2010; Peled and Moretti,
2007, 2010; Sprague et al., 2011]; however, only a handful of studies have examined the
role of sadness in aggression and findings from these studies are mixed. While there is
evidence that sadness is inversely related to aggression [Peled and Moretti, 2007, 2010;
Zeman et al., 2002], other studies have found a positive relationship between sadness and
externalizing behavioral problems [Eisenberg et al., 2002, 2009; Lemery et al., 2002].
Furthermore, previous research on anger or sadness has been focused largely on childhood
or adolescence, with limited attention paid to aggressive behaviors in adulthood [c.f., Baker
and Bramston, 1997; Murray-Close et al., 2010; Peled and Moretti, 2010; Sprague et al.,
2011].

Gender Differences in Aggression and Information Processing

It has been well established that males tend to engage in more aggressive behaviors than
females [e.g., Block, 1983; Crick and Grotpeter, 1995; Parke and Slaby, 1983]. Prior studies
suggest that part of the difference in frequency of aggression between males and females
may be due to gender differences in information processing and responses. For example,
previous research has found that males are more likely to externalize negative affect and
respond with anger/aggression, while females tend to internalize their responses [e.g., Ogle
etal., 1995; Taylor et al., 2000; Verona and Curtin, 2006]. Men are also less able to regulate
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their behavioral responses to emotional evocations than women [Knight et al., 2002].
Similarly, there is evidence that unpleasant or aversive events, such as interpersonal
provocation or frustration, are more likely to trigger externalizing responses in men than in
women [Verona and Curtin, 2006]. These studies suggest that the effects of HAB and
negative emotional responding on aggression may be stronger among males; however, this
hypothesis has not been tested explicitly in prior studies.

Impulsivity, Aggression, and Information Processing

Aggressive behaviors can be explained by both cognitively controlled factors as well as
automatic and thoughtless processes, such as impulsivity [Berkowitz, 2008], defined as a
tendency to act on the spur of the moment or to respond quickly to a given stimulus, without
deliberation and evaluation of consequences [Buss and Plomin, 1975; White et al., 1994].
Impulsivity has been found to predict aggression both cross-sectionally [e.g., Barry et al.,
2007; Campbell and Muncer, 2009; Ferguson et al., 2005; Houston and Stanford, 2005;
Raine et al., 2006; Vigil-Colet et al., 2008] as well as longitudinally [e.g., Fite et al., 2008;
Luengo et al., 1994; Ostrov and Godlecki, 2009]. Moreover, impulsivity has been associated
with multiple forms of aggression, including general aggression [Fite et al., 2008; Houston
and Stanford, 2005], verbal aggression [Campbell and Muncer, 2009; Vilgil-Colet et al.,
2008], and physical aggression [Campbell and Muncer, 2009; Ferguson et al., 2005; Ostrov
and Godlecki, 2009; Vigil-Colet et al., 2008], although its relationship with relational
aggression is less clear [Ostrov and Godlecki, 2009].1

Recently, expansions of information-processing models have explicitly proposed that
impulsivity may moderate the effects of cognitive and emotional aspects of information
processing on aggression [Fontaine and Dodge, 2006]. Specifically, it is hypothesized that,
in the context of social situations, response evaluation and decision requires consideration of
both the immediate and long-term consequences of a given response. This implies that
compared with nonimpulsive individuals, HAB or negative emotional responding are more
likely to be associated with aggressive behaviors among impulsive individuals because they
are more likely to respond immediately to the negative stimulus without evaluating their
responses or considering possible consequences of their behaviors. In contrast, the
relationships between HAB or negative emotional responding and aggressive behaviors are
hypothesized to be weaker for individuals with low levels of impulsivity because they are
more likely to be constrained by the evaluative process of information processing, and are
therefore less likely to react in an aggressive way when they make hostile attribution to
other’s intent or when they experience negative emotions in a social event.

The moderating effect of impulsivity on the relationship between information processing
and aggressive behaviors has only been explored in one empirical study. Fite et al. [2008]
examined the moderating effect of impulsivity on the relationship between immediate
response evaluation (assessed by endorsement of aggressive responses) and later aggressive
behaviors assessed by Child Behavior Checklist [CBCL; Achenbach, 1991] using a sample
of 585 adolescents. They found that greater endorsement of aggressive responses measured

1}t was found in Ostrov and Godlecki’s [2009] study that impulsivity—hyperactivity predicted relational aggression cross-sectionally
but not longitudinally.
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at age 13 predicted aggressive behaviors assessed from age 14 to age 17. However, the
association between response evaluation and aggressive behaviors was moderated by prior
levels of impulsivity. Specifically, endorsement of aggressive responses predicted
aggressive behaviors for adolescents with high levels of impulsivity but not for adolescents
with low levels of impulsivity. Fite et al.’s [2008] work thus provides initial empirical
support for the moderating effect of impulsivity on the link between information processing
and aggression; however, their work focused exclusively on the evaluation process, and did
not consider the effects of impulsivity on associations between attribution of intent or
negative emotional responding and aggression.

Heterogeneity of Aggression

The heterogeneous nature of the aggression construct has been widely discussed [e.g., Buss
and Perry, 1992; Crick and Grotpeter, 1995; Poulin and Boivin, 2000; Suris et al., 2004].
Previous work has distinguished between both forms [i.e., verbal, physical, and relational
aggression; e.g., Buss and Perry, 1992; Crick and Grotpeter, 1995; Ostrov and Godleski,
2009] and functions [i.e., reactive and proactive aggression; e.g., Poulin and Boivin, 2000;
Vitaro et al., 1998] of aggressive behaviors. It has been proposed that different forms or
functions of aggression are triggered by separate neural control mechanisms [Ramirez and
Andreu, 2006] and that different types of aggressive behaviors have different genetic
etiologies [e.g., Cates et al., 1993; Coccaro et al., 1997a; Vernon et al., 1999; Yeh et al.,
2010]. Different forms of aggression may also have different psychological and social
antecedents and sequelae. For example, parental physical punishment and social dominance
predict physical aggression, whereas parental psychological control and peer exclusion
predict relational aggression [Kuppens et al., 2009; Murray-Close and Ostrov, 2009], and
physical aggression, but not relational aggression, has been found to be associated with
impulsivity—hyperactivity longitudinally [Ostrov and Godlecki, 2009].

The evidence supporting distinctions between various forms of aggression highlights the
importance of considering variations in effects of HAB and negative emotional responding
across different forms of aggression. Prior studies have provided evidence for the utility of
HAB in the explanation of general aggression [e.g., Epps and Kendall, 1995; Katsurada and
Sugawara, 1998; VanOostrum and Horvath, 1997], physical aggression [e.g., Bailey and
Ostrov, 2008; Crick et al., 2002; Nelson et al., 2008], and relational aggression [e.g., Bailey
and Ostrov, 2008; Crick, 1995; Crick et al., 2002; Godleski and Ostrov, 2010]. There is also
evidence that negative emotions, such as anger and sadness, correlate with both overt
aggression [e.g., Peled and Moretti, 2007, 2010; Sullivan et al., 2010; Zeman et al., 2002]
and relational aggression [Peled and Moretti, 2007, 2010; Sullivan et al., 2010]. However,
findings from these studies are primarily based on children or adolescents [c.f., Baily and
Ostrov, 2008; Epps and Kendall, 1995; Peled and Moretti, 2010], and therefore more
research needs to be done using adult samples. Moreover, none of these studies have
considered the moderating effects of gender and impulsivity on processes of intent
attributions and emotional responses across different forms of aggression. Finally, although
a few studies have compared the functions of hostile attributions or negative emotions in the
etiology of physical/overt aggression and relational aggression, no agreement has been
reached. While some work revealed that HAB was consistently associated with both
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physical and relational aggression [i.e., physical aggression was associated with HAB for
instrumental provocation contexts and relational aggression was associated with HAB for
relational provocation contexts; Bailey and Ostrov, 2007; Crick et al., 2002], work by
Nelson et al. [2008] failed to find a relationship between relational intent attributions and
relational aggression. Similarly, patterns of associations between negative emotions and
different forms of aggression observed in prior studies have not been consistent.
Specifically, anger rumination predicted both overt aggression and relational aggression,
whereas sadness rumination was associated with the overt but not the relational form of
aggression in the studies by Peled and Moretti [2007, 2010]. In contrast, Sullivan et al.
[2010] found that sadness regulation coping was related to relational aggression but not
physical aggression, and that anger regulation coping accounted for differences in physical
aggression but not relational aggression.

The Present Study

In summary, although previous studies have provided substantial empirical support for the
relationship between HAB and aggressive behaviors in childhood and adolescence, this link
has not been widely tested in adulthood. In addition, despite the importance of negative
emotional responding in information-processing models and its connectedness with HAB,
few studies have investigated differences in the functions of externalizing versus
internalizing negative emotions. Moreover, studies have not examined the importance of
HAB and negative emotional responding in the etiology of aggression simultaneously.
Furthermore, previous studies have not systematically evaluated whether the associations
between these two components of information-processing models and aggression differ for
males and females and/or are moderated by individual levels of impulsivity. Finally, prior
research has not adequately considered variations in the importance of HAB and negative
emotional responding or differences in the moderating effects of gender and impulsivity
across different forms of aggression in adulthood.

The present study seeks to address these limitations using a large, population-based sample
of adults to test relationships between HAB, externalizing negative emotional responding
(i.e., anger), and internalizing negative emotional responding (i.e., embarrassment/upset)
with four different forms of aggression (general aggression, physical aggression, relational
aggression, and verbal aggression).2 This study further explores whether gender and/or
impulsivity moderate associations between HAB, negative emotional responding, and
aggression. We predict that (1) HAB and negative emotional responding will independently
predict different forms of aggression, although the importance of negative emotional
responding may vary for internalizing versus externalizing emotions; (2) the relationships
between HAB and negative emotional responding with aggression will be stronger for males
than females; and (3) the relationships between HAB and negative emotional responding
with aggression will be stronger for individuals with higher levels of impulsivity.

2ps previous studies focused largely on general aggression [Orobio de Castro et al., 2002], this form of aggression is also examined in

the current study.
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Sample and Procedures

Measures

Participants in the current study are from the PennTwins Cohort, a population-based sample
of twins born in Pennsylvania between 1959 and 1978. Full details of the cohort
development can be found in Coccaro and Jacobson [2006]. In brief, beginning in 1996, an
initial list of 77,012 individuals who were likely to be part of a twin pair was extracted from
computerized birth records kept by the Division of Vital Statistics at the Pennsylvania
Department of Health. This list was then cross-referenced with active driving license records
on file with the Pennsylvania Department of Transportation, resulting in an address list of
30,801 individuals. Of these 30,801 individuals, 9,341 returned consent-to-contact forms.
Differences on various demographic characteristics (e.g., age, race/ethnicity, household
income) between individuals who consented to participate and those who were unresponsive
or could not be located were negligible and nonsystematic [Coccaro and Jacobson, 2006].

Twins who consented to participate in the PennTwins cohort were mailed a brief
questionnaire containing basic demographic questions as well as standard twin similarity
items. A total of 7,282 twins returned this questionnaire (a response rate of ~76%). The
Behavioral Health Questionnaire (BHQ) was then sent to all twin pairs in which both twins
had returned the previous questionnaire. The response rate to the BHQ was between 70%
and 75%. The BHQ contains a battery of personality and behavioral measures, including the
impulsivity, HAB, negative emotional responding, and aggression measures examined in the
current study. BHQ data are currently available for 3,070 participants. Missing data were
processed with listwise deletion, which resulted in a final study sample of N = 2,749
participants who were between 20 and 55 years of age (89.5% of the sample). The average
age of the sample was 33.2 (SD = 6.0). There were slightly more females (58.4%) than
males.

Measures of age, gender, and SES were included in the current study as control variables.
Impulsivity, HAB, and measures of negative emotional responding (i.e., anger and
embarrassment/upset) were used as the primary predictors of four forms of aggression:
general aggression, physical aggression, relational aggression, and verbal aggression.

Gender—For the current analyses, gender was coded as 0 = female and 1 = male.

SES—Participants’ social economic status (SES) was measured by their current family
income. Responses were given as 1 = less than $15,000, 2 = $15,000 to $24,999, 3 =
$25,000 to $49,999, 4 = $50,000 to $75,000, 5 = $75,000 to $99,999, and 6 = more than
$100,000. On average, participants in the present study had a family income between
$50,000 and $75,000.

Impulsivity—Impulsivity was measured with the Barratt Impulsiveness Scale version 11

[BIS-11; Patton et al., 1995]. The BIS-11 is a 30-item self-report questionnaire designed to
assess participants’ general impulsiveness. Items asked respondents to rate statements
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describing how they think and behave in general (e.g., “I plan tasks carefully”). Responses
were given on a 4-point Likert scale (1 = rarely/never to 4 = almost always/always). A scale
score was computed using the sum of the responses of all 30 items (a = .82 for both males
and females).

Information processing (hostile attributional bias and negative emotional
responding)—Measures of HAB and negative emotional responding were assessed with
the Social Information Processing-Attribution and Emotional Response Questionnaire [SIP-
AEQ; Coccaro, Noblett, and McCloskey, 2009]. Based on similar protocols used in studies
of children [Crick, 1995; Crick et al., 2002; Fite et al., 2008; Lansford et al., 2010], the SIP-
AEQ consists of written descriptions of eight vignettes designed specifically for adults. Four
vignettes represent direct aggressive scenarios (e.g., being “hit” by someone) and four
represent relational aggressive scenarios (e.g., being “rejected” by someone).

Each vignette was followed by four questions that assess direct hostile intent (e.g., “This
person wanted to physically hurt me”), indirect hostile intent (e.g., “This person wanted to
make me look bad”), instrumental nonhostile intent (e.g., “This person wanted to win the
match”), and neutral or benign intent (e.g., “This person did this by accident™). Responses
were given in a 4-point Likert scale ranging from 0 = not at all likely to 3 = very likely. The
scale score for HAB was computed by summing the responses of the 16 questions (two for
each vignette) that assessed direct and indirect hostile intent (o = .87 for both males and
females). The correlation between direct and indirect hostile intent was .77 (P < .001) across
all eight vignettes.

Each of the vignettes was also followed by two items designed to reflect negative emotional
responding including anger (i.e., “How likely is it that you would be angry if this happened
to you?”) and embarrassment or upset (i.e., “How likely is it that you would be embarrassed
if this happened to you?”). The negative emotional responding items were also measured
using a 4-point Likert scale (i.e., 0 = not at all likely to 3 = very likely). The anger (male: a
=.80; female: a = .80) and embarrassment/upset (male: a = .81; female: a = .79) scores
were created using the sum of the responses to the eight items assessing each form of
negative emotional responding, respectively.

General aggression—General aggression was measured by the aggression subscale of
the Lifetime History of Aggression Questionnaire [LHA, Coccaro et al., 1997b]. The
aggression subscale of LHA (LHA-AGG) contains five items related to adult frequency of
temper tantrums, general fighting, specific physical assault, specific property assault, and
verbal assault (e.g., “Since you were 18 years old, how many times had you gotten into
physical fights with other people™). Each item was rated on a 5-point Likert scale, based on
the total number of occurrences of a given behavior since age 18 (0 = no occurrences, 1 =
one occurrence, 2 = two or three occurrences, 3 = four to nine occurrences, 4 = ten or more
occurrences, and 5 = more occurrences than can be counted). Initial development of the
LHA-AGG indicated good concurrent validity, internal consistency, inter-rater reliability,
and test—retest reliability [Coccaro et al., 1997b]. The general aggression score was
computed by summing the responses of the five items (a = .75; for both males and females).
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Physical aggression—Physical aggression was assessed with the nine-item physical
aggression subscale of the Buss—Perry Aggression Questionnaire [BPAQ; Buss and Perry,
1992]. Participants were asked to rate how well each item described themselves (e.g., “Once
in a while, | can’t control the urge to hit another person”). Responses were given on a 5-
point Likert scale ranging from 0 = extremely uncharacteristic of meto 5 = extremely
characteristic of me. The physical aggression score was computed by summing the
responses of the nine items (male: o = .82; female: a = .80). As the score distribution of the
physical aggression was modestly skewed (skewness = 1.07), this variable was transformed
using natural log-transformation.

Relational aggression—Relational aggression was measured with 11 items from the
Self-Report of Aggression and Social Behavior Measure (SRASBM) developed by Morales
and Crick [1998]. Five items assess proactive relational aggression (e.g., “I have threatened
to share private information about my friends with other people in order to get them to
comply with my wishes™). Six items assess reactive relational aggression (e.g., “When | am
not invited to do something with a group of people, I will exclude those people from future
activities”). In the present study, the response scale was adapted from the original 7-point
Likert scale to range from O = never to 4 = very often. The scale score of relational
aggression was created by summing the responses of the 11 items (male: a = .84; female: a
= .79).3 This variable was also transformed with natural log-transformation as its
distribution was skewed (skewness = 1.37).

Verbal aggression—Verbal aggression was measured using the five-item verbal
aggression subscale from the BPAQ [Buss and Perry, 1992]. Participants were asked to rate
verbal aggression behaviors using a 5-point Likert scale ranging from 0 = extremely
uncharacteristic of meto 5 = extremely characteristic of me (e.g., “I can’t help getting into
arguments when people disagree with me”). The verbal aggression score was computed
using the sum of the item responses (male: a =.74; female: a =.71).

Plan of Analyses

Research questions for the current study were tested using a multilevel hierarchical
regression analysis in SPSS [Peugh and Enders, 2005]. Because the sample consists of
twins, a multilevel modeling strategy was used in order to take into account the clustering of
the observations within families. Specifically, participants were identified by their own
personal ID and by the family ID they shared with their co-twins. By incorporating the
family ID as a random effect, the variance in aggression can be decomposed into variance
attributable to differences between individuals (level 1), and variance due to differences
between families (level 2), the latter of which are accounted for by the random effect
[Teachman and Crowder, 2002]. All study constructs were assessed at the individual level
(level 1). The multilevel approach thus accounts for the clustered data and allows the model
to produce accurate standard errors and significance tests for individual-level (level-1)
effects while controlling for family-level (level-2) variations [Papp, 2004].

3additional analyses compared results for proactive and reactive relational aggression (results available from the author). As no
meaningful differences were observed, these findings are not reported, and the total relational aggression score is used in the present

study.
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A series of five hierarchical models was specified for each measure of aggression. First, an
unconditional means model was fitted to compute the proportion of variability in each
measure of aggression that existed between individuals and families (Model 1). Second, a
model with only age, gender, and SES was specified (Model 2). In Model 3, the main effects
of impulsivity, HAB, anger, and embarrassment/upset were tested simultaneously net the
effects of the control variables. Next, Model 4 tested the moderating effects of gender on the
relationships between impulsivity, HAB, anger, embarrassment/upset, and measures of
aggression (i.e., gender x impulsivity, gender x HAB, gender x anger, gender x
embarrassment/upset). Finally, the interaction between impulsivity and HAB and the
interactions between impulsivity and measures of negative emotional responding were
examined in Model 5 (impulsivity x HAB, impulsivity x anger, impulsivity x
embarrassment/upset).4

Age and SES were centered using grand mean centering. For interpretation purposes,
measures of impulsivity, HAB, and measures of negative emotional responding and
aggression were standardized so that regression coefficients could be compared within
models and across outcome measures. Hierarchical models were compared using change in
log-likelihood (-2LL) statistics, which follows a x2 distribution. A significant decrease in
—2LL indicates that the test model fit significantly better than the comparison model.
Significant interactions were plotted and interpreted using methods outlined by Preacher et
al. [2006]. Briefly, this method is based on calculation of simple slopes at different levels of
the moderator variables as outlined in Aiken and West [1991], but is specifically designed
for interpretation of interaction terms with clustered data.

Descriptive Statistics and Correlations

Table I shows descriptive statistics for the main study variables. Findings based on one-way
ANOVA indicated that on average, males reported higher levels of HAB, general
aggression, physical aggression, relational aggression, and verbal aggression, and lower
levels of anger and embarrassment/upset than females. The between-gender difference in
levels of impulsivity was not statistically significant.

Table 1l exhibits the Pearson correlations between impulsivity, HAB, the two measures of
negative emotional responding, and aggression, by gender. There were statistically
significant and positive relationships between all four measures of aggression and
impulsivity (r = .19-.33), HAB (r = .10-.31), and anger (r = .15-.34). Embarrassment/upset
was significantly and positively correlated with general aggression (r = .09-.14) and was
strongly related to relational aggression (r = .24-.30). Embarrassment/upset did not
significantly correlate with verbal aggression. In addition, embarrassment/upset had a

4The interactions between HAB and measures of negative emotional responding as well as the three-way and four-way interactions
among gender, HAB, measures of negative emotional responding, and impulsivity (i.e., gender x HAB x anger, gender x HAB x
embarrassment/upset, gender x HAB x impulsivity, gender x anger x impulsivity, gender x embarrassment/upset x impulsivity, HAB
x anger x impulsivity, HAB x embarrassment/upset x impulsivity, gender x HAB x anger x impulsivity, gender x HAB x
embarrassment/upset x impulsivity) were also tested. However, as no significant interaction effects were found, these higher order
interactions are omitted from the current analyses.
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significant and positive relationship with physical aggression for females (r =.12) but not
for males. Finally, measures of HAB, anger, and embarrassment/upset were strongly
correlated (r = .44-.51), whereas they were only modestly related to impulsivity (r = .10-.
17).

Multilevel Modeling

Hierarchical, multilevel modeling strategies were utilized to predict measures of aggression.
Findings from these models for each form of aggression are reported separately in Tables
H-VI.

Unconditional model (Model 1)—Variance components of the unconditional model
(Model 1) revealed statistically significant variability in all measures of aggression between
individuals (oo = .62-.70, P < .001). The intraclass correlation coefficient indicated that
62% (physical aggression) to 70% (relational aggression) of the variance in measures of
aggression existed between individuals. Statistically significant variability of aggression
between twin pairs was also found (tgg = .30-.38, P < .001), which provided support for
using multilevel modeling strategies to take into account the nested nature of the data in the
current study.

Control model (Model 2)—Age, gender, and SES were entered as control variables in
Model 2. Model 2 had a significantly better fit than the baseline model for all forms of
aggression [see Tables I11-VI1]. Based on Model 2, males were more likely to show higher
levels of general aggression (B = .20, P < .001), physical aggression ( = .59, P < .001),
relational aggression (B = .20, P < .001), and verbal aggression (§ = .37, P < .001) than
females. Age was significantly related to general aggression (f = .02, P < .001) and
inversely associated with verbal aggression (p = —.01, P < .001), although the magnitudes of
the relationships were small. SES had weak negative relationships with general aggression
(B =-.06, P < .001) and verbal aggression ( = -.05, P < .001) and was weakly and
positively associated with physical aggression (p = .09, P < .001).

Main effect models (Model 3)—The main effect models had a significantly better fit
than the control model for all measures of aggression (see Tables I11-V1]. In the main effect
models, higher levels HAB and impulsivity were consistently associated with higher levels
of aggression (HAB: B = .07-.17, P < .001; impulsivity: p = .16-.23, all P < .001).
Similarly, anger was significantly and positively associated with all measures of aggression
(B =.17-.20, all P < .001). However, different patterns were observed for embarrassment/
upset. Specifically, embarrassment/upset was negatively associated with general aggression
(B =-.05, P < .05), physical aggression ( = —.12, P < .001), and verbal aggression (8 = —.
19, P < .001); in contrast, it had a significantly positive relationship with relational
aggression (f = .07, P < .001).

Interactions with gender (Model 4)—There were no interactions between gender and
HAB for any of the four aggression measures. However, results from Model 4 indicate that
gender moderated the effects of anger on general aggression (f = .13, P < .01) and physical
aggression (f =.09; P < .05). The moderating effects of gender are plotted in Figure 1.
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Simple slopes were calculated separately for males and females. Anger was significantly and
positively associated with general and physical aggression for both males (general
aggression: B = .26, P < .001; physical aggression: p = .22, P < .001) and females (general
aggression: p = .13, P < .001; physical aggression: = .14, P < .001), although the
relationships were stronger for males (Fig. 1). There was no interaction between gender and
anger for relational or verbal aggression.

In addition, significant interactions between gender and embarrassment/upset were found for
general aggression (§ = -.14, P < .001), physical aggression (§ = -.08; P < .05), and
relational aggression (3 = .09; P < .05). Simple slopes calculated for males and females
depicting these interactions are shown in Figure 2. For general aggression, there was an
inverse correlation between embarrassment/upset for males (p = —.13, P < .001), but the
relationship between embarrassment/upset and general aggression was not significant for
females (B = .01, P =.72; Fig. 2). For physical aggression, the inverse correlation with
embarrassment/upset was significantly stronger in males (3 = -.16, P < .001) than females
(B =-.08, P < .01; Fig. 2). A different pattern emerged for relational aggression (Fig. 2),
where embarrassment/upset was associated with increased levels of relational aggression (3
=.12, P < .001) for males, but was not significantly associated with relational aggression in
females (§ = .03, P =.23). Gender did not moderate the effects of embarrassment/upset on
verbal aggression.

Moderating effects of impulsivity (Model 5)—Model 5 revealed a significant
interaction effect between impulsivity and HAB, but only for general aggression (3 = .05, P
< .05). None of the interactions between impulsivity and either measure of negative
emotional responding were statistically significant.

To explore the significant interaction between impulsivity and HAB, we plotted the
relationships between HAB and general aggression as a function of different levels of
impulsivity (see Fig. 3). The simple slopes of HAB were estimated at a low level of
impulsivity (i.e., 1 SD below the sample mean), the mean level of impulsivity, and a high
level of impulsivity (i.e., 1 SD above the sample mean). The plot was generated within -2 to
+2 standard deviations of HAB. Positive relationships between HAB and general aggression
were found for individuals with the mean (§ = .06, P < .05) and high levels (3 =.10, P < .
01) of impulsivity. However, the relationship between HAB and general aggression was not
significant for individuals with the low level of impulsivity ( = .01, P =.79). Therefore, the
relationship between HAB and general aggression was stronger for individuals with higher
levels of impulsivity. Significant region tests indicated that the positive relationship between
HAB and general aggression was statistically significant for individuals with a standardized
impulsivity score above -.05 in the present study. In other words, there was no relationship
between HAB and general aggression among participants who had below-average levels of
impulsivity.

DISCUSSION

The current study examined the relationships between HAB, negative emotional responding,
and various forms of aggression (i.e., general aggression, physical aggression, relational
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aggression, and verbal aggression) in a large sample of adults aged 20-55. The present work
extends previous research in three important ways. First, the current study examined the
importance of HAB and negative emotional responding in the etiology of adult aggression
simultaneously, and further considered the functions of both externalizing (anger) and
internalizing (embarrassment/upset) forms of negative emotional responding. Second, the
study investigated the moderating effects of gender and impulsivity on the relationships
between HAB, negative emotional responding, and measures of aggression. Finally, the
current study systematically explored the functions of HAB and negative emotional
responding, as well as the moderating effects of gender and impulsivity, across different
forms of aggression in the same study.

Negative Emotional Responding, Gender, and Aggression

Previous studies have reported associations between externalizing negative emotions, such
as anger, and aggression, in children, adolescents, and adults [e.g., Arsenion et al., 2000;
Baker and Bramston, 1997; Cornell et al., 1999; Deater-Deckard et al., 2010; Fives et al.,
2011; Murray-Close et al., 2010; Sprague et al., 2011]. Consistent with findings from these
studies, we found positive main effects for angry emotional responses and all four forms of
aggression. Importantly, our study provided evidence for independent effects of anger on
aggression controlling for the cognitive process of HAB. In addition, males were less likely
than females to indicate an angry response to ambiguous social stimulations. Nevertheless,
as hypothesized, the relationships between an angry response and both general and physical
aggression were significantly stronger in males than females. These findings replicate prior
studies showing that males are more likely to externalize their anger than women [Ogle et
al., 1995; Taylor et al., 2000; Verona and Curtin, 2006].

Although embarrassment/upset was weakly and positively associated with general and
physical aggression in the correlational analyses, once hostile attributions and anger were
controlled for, we found that the embarrassment/upset form of negative emotional
responding was inversely related to these two forms of aggression. Likewise, regression
models revealed that embarrassment/upset was also negatively associated with verbal
aggression. Although none of the prior studies of emotional responding specifically
examined the function of embarrassment/upset in the etiology of aggression, sadness, which
is another internalizing form of negative affect, has been implicated in theoretical models
and empirical studies of information processing and aggression. From the functionalist
perspectives, sadness is thought to slow cognitive and motor systems. Thus, individuals may
be better able to process social cues, plan their behaviors more carefully, and to generate
more adaptive behavioral responses when they experiences sadness [lzard and Ackerman,
2000]. Our results demonstrating that increased embarrassment/upset was related to lower
levels of general, physical, and verbal aggression are therefore consistent with this
hypothesis and in support of findings from some of the previous research on sadness [Peled
and Moretti, 2007, 2010; Zeman et al., 2002]. Similar to the results for anger, however, the
inverse relationship between embarrassment/upset and general and physical aggression was
stronger in males than females, despite the fact that males endorsed embarrassment/upset
responses less often than females. The stronger relationships between both forms of negative
emotional responding and aggression in males found in the current study imply that
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emotions may play a more salient role in the etiology of aggressive behaviors for males than
for females.

Finally, we found yet a different pattern for the relationship between internalizing negative
emotional responding and relational aggression. First, the positive correlation between
embarrassment/upset and aggression was markedly stronger for relational aggression (r =.
24-.30) than for the other three forms of aggression (r = —.04 to .14). Even after controlling
for anger and HAB in the regression analyses, higher levels of embarrassment/upset were
associated with higher levels of relational aggression, but only among males. This
discrepancy of results across different forms of aggression may be related to the hypothesis
that sadness triggers a unique social need, namely strengthening social bonds [Sullivan et
al., 2010; Witherington and Crichton, 2007]. As one of the social functions of relational
aggression is to strengthen social connections and to build social status, engaging in
relational aggression may satisfy, at least in the short term, the sadness-driven need to
connect with others, although it may ultimately undermine social relationships [Conway,
2005; Izard and Ackerman, 2000; Sullivan et al., 2010; Underwood, 2003].

The difference in results for associations between internalizing emotional responses and
relational aggression is also partially consistent with Sullivan et al.’s study [2010], which
found an inverse relationship between sadness regulation coping and relational aggression.
This implies that dysregulated expression of internalizing negative emotions may be a risk
factor for relational aggression. Furthermore, their finding that sadness regulation coping did
not predict the physical form of aggression suggests that the role of internalizing emotional
responding in the etiology of physical aggression may not be as salient as its role in
relational aggression. The gender differences further suggest that while feelings of
embarrassment/upset may not be a risk factor in the etiology of female aggression, this form
of negative emotional responding may increase males’ tendency to engage in relational
aggression, consistent with the hypothesis that aggressive behaviors in males are more
sensitive to emotional cues.

Given the complexity of the relationships between different forms of negative emotional
responding and aggression, as well as differences in the moderating effects of gender, it is
clear that the associations between negative emotional responding and aggression cannot be
summarized simply using one hypothesis. Moreover, as only a limited number of studies
have examined the effects of internalizing negative emotions, such as sadness, across
different forms of aggression [Peled and Moretti, 2007, 2010; Sullivan et al., 2010], we
cannot rule out the possibility that the differences between embarrassment/upset across the
various types of aggressive behaviors may be stochastic. Nevertheless, findings from the
current study highlight the importance of considering externalizing and internalizing
negative emotions as separate constructs that may have varying effects on aggression. Future
theoretical and empirical work needs to take into account variations in the moderating
effects of gender across different forms of negative emotions and aggression.

Hostile Attributional Bias and Aggression

The current study found significant independent main effects of HAB on aggression, even
after controlling for negative emotional responding. Our results are consistent with prior
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studies using younger samples that have shown that highly aggressive children and
adolescents are more likely to make more hostile attributions to other people’s intent than
their nonaggressive peers [Bailey and Ostrov, 2008; Crick, 1995; Crick et al., 2002; Dodge,
1980; Dodge and Somberg, 1987; Hubbard et al., 2001]. Moreover, in contrast to our results
with negative emaotional responding, the effects of HAB on aggression were consistent for
males and females, as well as across the different forms of aggression. Thus, our study
indicates that models of HAB that have been used to explain social behaviors in childhood
and adolescence are widely applicable to studies of adult aggression.

On the other hand, we also found a significant interaction between HAB and impulsivity for
general aggression, where the positive relationship between HAB and general aggression
was weaker at lower levels of impulsivity, and HAB was not significantly associated with
general aggression for individuals with below-average levels of impulsivity. Our findings
that HAB predicted general aggression only among individuals with average or higher levels
of impulsivity are consistent with Fontaine and Dodge’s [2006] conceptual model of
information processing and aggression. According to their model, the response evaluation
and decision step of information processing is a very complex process that requires at least
some degree of active cognitive processing. These cognitive processes may be bypassed
among individuals with higher levels of impulsivity, as impulsive processing is
characterized by immediate gratification and little executive control. Individuals who make
hostile attribution to other’s intent may therefore be more likely to react aggressively when
they have higher levels of impulsivity, as impulsive people are less likely to evaluate
alternative responses and think about the consequences of their behaviors. On the other
hand, HAB may not be as strongly associated with aggression for nonimpulsive individuals,
as these individuals are capable of engaging in the complicated response evaluation and
decision step, and their behaviors are therefore constrained by the cognitive process. Our
findings are also consistent with the only previous study of moderating effects of impulsivity
on relationships between information processing and aggressive behaviors [Fite et al., 2008],
despite the fact that the prior study focused on response evaluation, rather than attribution of
intent, as the cognitive measure of information processing. Findings of the present study
therefore suggest that the moderating effect of impulsivity on the relationship between
information processing and aggression may generalize across developmental periods, and
may further generalize across different components of information processing.

It should be noted that the interaction effect between hostile attribution biases and
impulsivity was only significant for general aggression and not for physical, relational, and
verbal aggression. As the current study is the very first to examine the moderating effects of
impulsivity on the associations between hostile attributional bias, negative emotional
responding, and different forms of aggression, it is possible that the significant interaction
with impulsivity might be stochastic. While findings of the current study clearly warrant
replication in other samples of adults, they do highlight the need to compare the moderating
effect of impulsivity on different components of information processing, and to examine this
effect across different forms of aggression.
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CONCLUSION AND LIMITATIONS

Results from the current study support the importance of HAB and negative emotional
responding in the development of individual differences in aggression among adults. In
addition, our study provides evidence that externalizing and internalizing negative emotional
responding are differentially related to aggression. Finally, the current study provides at
least partial support for the hypotheses that gender and impulsivity moderate the effects of
HAB and negative emotional responding on different forms of aggression. It is worth noting
that the current effort is an important initial step but not a definitive study of the research
questions addressed. Patterns observed in the present study need future replications before
any firm conclusions could be drawn.

In addition, a number of study limitations require mention. First, findings from the current
study were based on cross-sectional data; therefore causality cannot be inferred. For
example, it is possible that more aggressive adults are more likely to experience social
rejection, and are therefore more inclined to make hostile attributions to other’s intent.
Future work therefore needs to replicate findings from the present study using longitudinal
data that span adulthood. In addition, the present study only taps into one cognitive process
and one emotional component of the comprehensive information-processing models. Thus,
the importance of other cognitive (response evaluation) and emotional (e.g., emotion
regulation) processes involved in information processing in the etiology of adult aggression
and the potential moderating effects of gender and impulsivity on these processes are
unknown. Third, given the complexity of the aims of the present study, we did not consider
the potential moderating effects of contextual factors on the associations between hostile
attribution bias, negative emotional responding, and aggression. However, we acknowledge
the importance of the contextual effects, and therefore we are currently exploring how
environmental factors (e.g., childhood maltreatment) may interact with HAB and negative
emotional responding to predict aggression using the same sample. Finally, the present study
did not take the provocation contexts (i.e., instrumental vs. relational provocation contexts)
into account when examining the effects of HAB on different forms of aggression. Recent
work has found that physical aggression is more strongly associated with HAB in
instrumental provocation situations, whereas relational aggression is more strongly
associated with HAB in relational provocation scenarios [Bailey and Ostrov, 2008; Crick et
al., 2002]. Despite these limitations, findings from the current study suggest that in order to
thoroughly capture the complex relationships between HAB, negative emotional responding,
and aggression, research needs to consider the moderating effects of gender and impulsivity,
as well as distinctions across various forms of negative emotions and different types of
aggression.
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Fig. 1. Prototypical plot for moderating effects of gender on anger—aggression links
Note: Simple slopes were significant for both females and males.
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Fig. 2. Prototypical plot for moderating effects of gender on embarrassment/upset—aggression

links

Note: Simple slopes of general aggression and relational aggression were not significant for
females. All the other simple slopes were significant.
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Fig. 3. Prototypical plot for moderating effect of impulsivity on the hostile attributional bias—
general aggression link

Note: Simple slopes were significant for individuals with the mean and high levels of
impulsivity but not for individuals with the low level of impulsivity.
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