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Abstract

Most of daily life hums along peacefully but provocations tip the balance toward aggression. Negative feelings are often
invoked to explain why people lash out after an insult. Yet people might retaliate because provocation makes aggression
hedonically rewarding. To test this alternative hypothesis, 69 participants underwent functional neuroimaging while they
completed a behavioral aggression task that repeatedly manipulated whether aggression was preceded by an instance of
provocation or not. After provocation, greater activity in the nucleus accumbens (NAcc) (a brain region reliably associated
with reward) during aggressive decisions predicted louder noise blasts administered in retaliation. Greater NAcc activation
was also associated with participants’ history of real-world violence. Functional connectivity between the NAcc and a regu-
latory region in the lateral prefrontal cortex related to lower retaliatory aggression. These findings suggest that provocation
tips the neural balance towards hedonic reward, which fosters retaliatory aggression. Although such pleasure of inflicting
pain may promote retaliatory aggression, self-regulatory processes can keep such aggressive urges at bay. Implications for

theory and violence reduction are discussed.
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Introduction
Revenge is sweet and not fattening. —Alfred Hitchcock

Imagine your clenched fist cracking another person’s jaw.
How does it feel? The answer likely depends on several factors.
Important among these is whether or not the target of the hay-
maker had recently provoked you. Stolen parking spots, rude
emails and pugnacious parents often trigger such aggressive
outbursts in daily life. Conventionally, scientific explanations of
violence have focused on how negative feelings like anger pre-
cede aggressive responses to provocation (Berkowitz, 1989;
Anderson and Bushman, 2002). Yet everyday experience and a
budding literature suggest that revenge is sweet and retaliatory
aggression may be driven by hedonic reward (Bushman et al.,
2001; Krdmer et al., 2007). The current research provides an em-
pirical examination of this possibility.

We propose that provoked people respond aggressively be-
cause doing so is hedonically rewarding. Further, we predict
that self-regulatory processes can intervene on this link

between reward and aggression, reducing such behavior. We
tested these hypotheses using behavioral and functional mag-
netic resonance imaging (fMRI) methods in a relatively large
sample (N =69).

The catharsis mystery

The idea that aggression can be experienced as pleasant dates
back to psychology’s infancy. Sigmund Freud began this trend
by popularizing the notion of catharsis, which often took the
form of ‘releasing’ anger through aggressive acts. The concept
of cathartic aggression has thrived into modernity, as violent
outbursts are commonly perceived as a viable means to replace
negative affect with positive affect, which fuels aggressive be-
havior (see Bushman, 2002). Reflecting this trend, retaliatory ag-
gression is greatest among individuals who expect that
aggression will coincide with an improved mood (Bushman
et al., 1999, 2001). When provoked people believe that aggression
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will not improve their mood, they no longer behave as aggres-
sively (Bushman et al., 2001). Yet does aggression actually feel
good? Or is the notion of cathartic aggression based on a false
premise?

The pleasure of inflicting pain

Preliminary behavioral evidence offers hints that provoked ag-
gression is hedonically rewarding. In one study, participants
rated aggressive responses to provocation as more pleasurable
than unprovoked aggression (Ramirez et al., 2005). Extrinsic re-
wards for retaliation reduced the self-reported enjoyment of ag-
gressive tasks against provocateurs, which supports an
intrinsically rewarding model of this behavior (Carré et al., 2010).
Participants’ motivation to harm disliked outgroup members
was positively correlated with the extent to which they re-
cruited the muscles used for smiling (Cikara and Fiske, 2011).
Taken together, these findings suggest that aggression can be
rewarding, but that this experience is dependent upon a prior
instance of provocation.

Neuroimaging evidence has corroborated the behavioral
findings that retaliation is hedonically rewarding. After an in-
sult, participants showed both greater aggression and greater
left-hemispheric frontal asymmetry, an indicator of the activa-
tion of the behavioral approach system (BAS; Harmon-jones
and Sigelman, 2001). BAS activation is reliably linked to the he-
donic experience of positive affect (Gray, 1994). However, ap-
proach motivation and hedonic reward differ in that the former
represents a behavioral propensity and the latter refers to a sub-
jective, valenced experience. Electroencephalography tech-
niques have been crucial in understanding the role of the BAS
in aggressive tendencies, but other neuroimaging techniques
with the spatial resolution to explore subcortical functioning
have yielded other insights into the neural correlates of aggres-
sive behavior.

Research on the neural basis of punishment demonstrated
that monetary penalties delivered to unfair individuals were
associated with activity in two brain regions previously associ-
ated with reward processing: the caudate nucleus and ventro-
medial prefrontal cortex (VMPFC; de Quervain et al., 2004; Lotze
et al., 2007). These findings have been interpreted as indicating
that individuals experience pleasure in response to the punish-
ment of individuals who are perceived to deserve such retribu-
tion. The dorsal MPFC (DMPFC) is also active when individuals
selected the level of harm to inflict on a provocateur, suggesting
that social cognitive processes (e.g. mentalizing) are critical
components of aggression (Lotze et al., 2007). The DMPFC, along
with the dorsal anterior cingulate cortex, hippocampus and an-
terior insula, has robust associations with the experience of
anger, angry rumination and displaced aggression in response
to provocation (Denson et al., 2008). These findings from the
neuroscientific literature of punishment inform our basis for
understanding the neural correlates of retaliatory aggression as
such violent acts are themselves a form of punishment.

The seminal neuroimaging study to explore the neural cor-
relates of retaliatory aggression showed greater activity in the
caudate nucleus when participants exhibited greater retaliatory
aggression (Krdmer et al., 2007). This caudate activity was inter-
preted as an indicator of reward. However, the caudate’s role in
the hedonic experience of reward is not clearly supported. This
region, along with the rest of the dorsal striatum, functions
more in the domains of behavioral response selection in service
of motivational and goal states (Grahn et al., 2008) and the ha-
bituation of rewarding behaviors (Graybiel, 2008). Large-scale

meta-analyses of appetitive cue reactivity paradigms fail to reli-
ably show caudate activity, challenging this region’s putative
role in the experience of hedonic reward (Chase et al., 2011). If
the caudate is not a reliable marker of hedonic reward, what
brain region is?

The NAcc and VLPFC: their opposing relations
to retaliatory aggression

NAcc and reward

The ventral striatum, specifically the nucleus accumbens
(NAcc), is a brain region that is best described as ‘a servant to
many masters’ (Floresco, 2015, p. 27). The NAcc is a crucial node
in learning, motivation, and reward circuits that serves to pro-
mote goal attainment (Shohamy, 2011; Floresco, 2015). Of these
various psychological processes, the NAcc is most reliably asso-
ciated with the subjective experience of hedonic reward and
pleasure (Diekhof et al,, 2012; Kithn and Gallinat, 2012; Bartra
et al., 2013; Berridge and Kringelbach, 2013). Using Neurosynth
(neurosynth.org; Yarkoni et al., 2011), a publically accessible,
meta-analytic database of thousands of neuroimaging studies,
we observed that the keyword ‘reward’ produces two relatively
large reverse inference clusters of brain activity in the bilateral
NAcc (left peak Z=25.42, x=10, y=8, z=-7; right peak
Z=25.00,x=12,y=9, z=—8; 560 studies). Whereas the keyword
‘learning’ yielded relatively smaller and weaker clusters of NAcc
activity (left peak Z=6.83, x=-12, y=8, z=-10; right peak
Z=4.66,x=12, y=38, z=—10; 807 studies). Together, this wealth
of evidence demonstrates that the NAcc isn’t merely a ‘pleasure
center’, but still it is a crucial and robust neural correlate of the
experience of reward.

NAcc and aggression

If retaliatory aggression is truly a rewarding behavior, it should
be correlated with activity in the NAcc. In behavioral economics
tasks such as the Ultimatum Game, punishment of defectors
who had previously acted in an unfair manner was predicted by
NAcc activity (Strobel et al.,, 2011). However, this punishment
took the form of removing a monetary reward. This type of be-
havior falls short of the typical definition of aggression, which
is the act of intentionally harming others who are motivated to
avoid the harm (Anderson and Bushman, 2002). NAcc activity
has also been associated with passively viewing the suffering of
disliked others (e.g. defectors, envied classmates, outgroup
members; Singer et al., 2006; Takahashi et al., 2009; Cikara et al.,
2011). Suggesting a link to behavior, NAcc activity in response to
the misfortunes of others also correlates with the motivation to
harm them (Singer et al., 2006; Cikara et al., 2011). But to date, no
research has clearly implicated the NAcc as the substrate of ac-
tual retaliatory aggression.

VLPFC, NAcc and aggression

Despite sharing no direct, anatomical connection, the NAcc
exists in a regulatory equilibrium with lateral portions of the
prefrontal cortex (Heatherton and Wagner, 2011). The ventral
aspect of the lateral prefrontal cortex (VLPFC) shows functional
connectivity with the NAcc and serves to inhibit and regulate
the impulses it generates (Wagner et al, 2013; Chester and
DeWall, 2014). The right hemisphere of the VLPFC shows a par-
ticular regulatory function (Aron et al, 2004; Chester and
DeWall, 2014), though the VLPFC is also associated with other
processes such as language generation (Nagel et al., 2008). When
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this balance between the VLPFC and NAcc is tipped in favor of
the latter, self-regulatory failure occurs (Wagner et al.,, 2013).
The VLPFC has been specifically implicated in the inhibition of
aggression (Mehta and Beer, 2010). Aggression most often
expresses itself as a self-regulatory failure, when aggressive im-
pulses over-ride self-regulation (Denson et al., 2012). Thus, an
imbalance that favors the reward-based processing of the NAcc
and disadvantages the regulatory functions of the VLPFC might
foster aggression.

Current research

We predicted that after provocation, NAcc activity during ag-
gressive decision-making would be positively correlated with
aggression. We did not expect to observe this correlation after
no provocation. We also predicted that greater VLPFC-NAcc
functional connectivity, representing inhibition of the NAcc,
would be negatively correlated with retaliatory aggression. To
test these hypotheses, 68 participants underwent fMRI while
completing a modified, competitive task against an opponent
that allowed them to administer extremely loud noise blasts (as
used by Krdmer et al., 2007). We then assessed the relation be-
tween neural activity when participants were determining how
loud of a noise blast to administer and their level of aggression
(i.e. the volume of noise blasts) arising from that decision.
These analyses were performed separately for aggressive deci-
sions that followed provocation or not.

To assist in the reverse inference that NAcc activity would
represent the experience of hedonic reward, 21 participants also
completely a personality questionnaire (i.e. the Angry Mood
Improvement Inventory; Bushman et al., 2001) which measures
the extent to which an individual’s aggressive behavior is moti-
vated by the desire to experience positive affect. We hypothe-
sized that NAcc activity would positively correlate with this
measure, reflecting that the NAcc activity does indeed reflect a
positively valenced, rewarding experience during aggressive
acts. See the Supplementary Materials available online for a de-
scription of two, large behavioral experiments (combined
N =908) that tested this supporting hypothesis.

Methods

Participants

Sixty-nine undergraduates participated in the experiment (68%
female; age: M=18.70, SD=0.93). Previous neuroimaging re-
search using this aggression paradigm tested approximately 20
participants (Krdmer et al., 2007). However, we sought to recruit
far more participants in response to recent criticism of func-
tional neuroimaging research’s relatively small sample sizes
(Button et al., 2013). We attempted to enroll 80 participants, fol-
lowing the stop rule that participants had to complete the study
by the end of the academic year in which they began the study.
Participants received course credit and money as compensa-
tion. Potential participants were recruited from an introductory
psychology subject pool based on their ability to be comfortable
and safe in the MRI environment, as well as possessing no path-
ologies that might impact neural activity.

Materials

Angry mood improvement inventory (AMII). The AMII contains an
eight-item subscale of particular relevance to our reverse infer-
ence issues with the NAcc, the Anger Expression—Out subscale
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(Bushman et al., 2001). This subscale assesses the tendency to
express angry mood outwardly as aggressive behavior (e.g. I
strike out at whatever angers me). Three other eight item sub-
scales measure the tendency to express anger internally, con-
trol anger’s external expression and control anger’s internal
expression. Each item refers to a behavior that participants rate
along a five-point scale which indicates the degree to which
they would like to perform the given behavior to try and feel bet-
ter when they are angry or furious.

Procedure

Participants arrived at our laboratory where they provided in-
formed consent according to guidelines set by the University of
Kentucky's Office of Research Integrity and were again screened
for safety in the MRI environment. Then, participants com-
pleted a battery of questionnaires that included the Angry Mood
Improvement Inventory (Bushman et al., 2001) and the item
‘have you ever been in a physical fight?’ Only the final 21 par-
ticipants of the study completed the AMII due to a clerical error.
Although the AMII has shown excellent internal and test-retest
reliability (Bushman et al., 2001), its construct validity remains
to be established. More specifically, our subscale of interest, the
Anger Expression—Out subscale, has yet to be shown to predict
increases in mood (i.e. positive affect) after an aggressive act.
Towards this end, we conducted two behavioral experiments to
establish the construct validity of this measure (for Methods
and Results see Supplemental Materials available online).

Several days after the initial laboratory visit, participants
arrived at the University of Kentucky’s Magnetic Resonance
Imaging and Spectroscopy Center. Participants were told that
they would complete a task in the MRI scanner against a same-
sex University of Kentucky student who was also in an MRI
scanner connected over the internet. Participants then com-
pleted the aggression paradigm while undergoing fMRI.

To assess the neural correlates of both retaliatory and non-
retaliatory aggression, we employed a version of the classic
Taylor Aggression Paradigm that was adapted for the fMRI scan-
ner (Taylor, 1967; Krdamer et al., 2007; Dambacher et al., 2015). In
this task, participants repeatedly compete against a fictitious
opponent to see who can press a button faster, the loser of the
competition then receives an aversive noise blast, the volume
of which is determined by the opponent. The volume of the
noise blast setting is the dependent measure of aggression. The
aggression paradigm was implemented as a blocked design that
closely matched the parameters of previous fMRI studies that
have used this fMRI paradigm (Figure 1). The task was intro-
duced to participants as a competitive reaction-time task in
which participants would compete against a same-sex under-
graduate student who was connected to them over the internet.
Each of the task’s 12 blocks began with a fixation trial that mod-
eled baseline neural activity (20s), which was then followed by
the Aggression trial (7.5s) in which participants set the volume
of a noise blast to be delivered to their partner if their partner
lost the competition. Volume settings ranged from 1 (not aud-
ible) to 4 (aversively loud). Participants then viewed a blank
screen with a jittered duration (0.5/1.0/1.5s) that was replaced
by a Competition trial in which participants quickly pressed a
button when a red square appeared on the screen (3.5/4.0/4.5s).
Participants then viewed their opponents’ pre-programmed vol-
ume settings that were categorized as low (i.e. 1, 2) or high (i.e.
3, 4) in provocation (7.5s). Finally, participants saw whether
they won or lost the competition and received a noise blast if
they lost (7.5s). Retaliatory aggression trials were those that
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Fig. 1. Schematic of fMRI aggression task.

followed high levels of provocation and non-retaliatory aggres-
sion trials were those that followed low levels of provocation.
The 12 blocks were characterized by a 5 Retaliatory and 7 non-
retaliatory trials that were randomly ordered yet held constant
across participants (see Table 1 for order). Wins and losses were
also randomized yet held constant across participants.

fMRI data acquisition, preprocessing and analysis

All MRI data were obtained using a 3.0-tesla Siemens Magnetom
Trio scanner using a 32-channel head coil. Echo planar BOLD
images were acquired with a T2*-weighted gradient across the
entire brain with a 3D shim (matrix size=64 x 64, field of
view =224 mm, echo time =28ms, repetition time=2.5s, slice
thickness =3.5mm, 40 interleaved axial slices, flip angle =90°).
To allow for registration to native space, a coplanar T1-weighted
MP-RAGE was also acquired from each participant (1 mm? iso-
tropic voxel size, echo time =2.56ms, repetition time=1.69s,
flip angle = 12°).

The Oxford Center for Functional MRI of the Brain (FMRIB)’s
Software Library (FSL version 5.0) was used to conduct all pre-
processing and fMRI analyses (Smith et al., 2004; Woolrich et al.,
2009). The first functional volume was removed to facilitate
BOLD signal equilibration. Reconstructed functional volumes
underwent head motion correction to the middle functional vol-
ume. Non-brain tissue was then removed from all functional
and structural volumes. Functional volumes underwent slice-
timing correction, pre-whitening, spatial smoothing with a 5-
mm full width half maximum Gaussian kernel and high-pass
temporal filtering (100 s cutoff).

Preprocessed fMRI data from the aggression task were then
analyzed using a two-level general linear model approach. First,
each participant’s BOLD signal was modeled with a fixed effects
analysis which modeled aggression trials as events using a ca-
nonical double-gamma hemodynamic response function with a
temporal derivative. Aggression trials were separately modeled
depending on whether they were preceded by a high provoca-
tion block (retaliatory aggression) or a low provocation block or
no block (non-retaliatory aggression). Aggression trials were not
modeled differently if they were preceded or followed by a win
or loss because aggression reflects the attempt to harm another
against their will (Anderson and Bushman, 2002), and thus
occurs irrespective of whether the aggressive act (loud noise
blast) is realized (win) or not (loss). Competition trials, pre-

Table 1. Temporal order of aggression blocks

Block Aggression type

Non-retaliatory
Retaliatory
Retaliatory
Non-retaliatory
Non-retaliatory
Retaliatory
Non-retaliatory
Non-retaliatory
Retaliatory
Retaliatory
Non-retaliatory
Non-retaliatory

O 00 N O U1 & WN -

[
N P O

competition screens, opponent’s volume setting trials and out-
come trials, along with all six motion parameters were included
as nuisance regressors into the model. Fixation trials were not
modeled in this analysis. Linear contrasts then compared the
each aggression condition to the implicit baseline (i.e. retali-
atory aggression > baseline; non-retaliatory aggression > base-
line). Resulting contrast images from this analysis were first
linearly registered to native space structural volumes and then
spatially normalized to a Montreal Neurological Institute stereo-
taxic space template image.

Second, each participant’s contrast volumes were fed into a
group-level, mixed-effects analysis which created group aver-
age maps for both contrasts across the entire brain. Cluster-
based thresholding (Worsley, 2001; Heller et al., 2006) was
applied to each image (cluster threshold: Z>2.3, P<0.05).
Family-wise error correction based on Gaussian random field
theory was then applied across the entire brain, Parameter esti-
mates, in percent signal change units, were extracted separately
for the left and right NAcc and right VLPFC region-of-interest
(ROI) masks. The NAcc ROI masks were constructed from the
Wake Forest University Pickatlas (Maldjian et al., 2003) whereas
the right VLPFC mask was constructed from the Automated
Anatomical Labeling atlas, utilizing the orbital portion of the
right inferior frontal gyrus (Tzourio-Mazoyer et al., 2009).
Outliers were determined as any datapoints = 2.5 SDs from the
sample mean.
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Results

Noise blast settings from the aggression task spanned the four-
point scale and showed a normal distribution around the
midpoint of the scale (i.e. 2.5), M=2.27, SD=0.82. Noise blasts
following high provocation, M=2.51, SD=0.94, were louder
than those following low provocation, M=2.09, SD=0.80,
t(68) =6.46, P < 0.001, d =0.78. No aggression scores extended be-
yond the +2.5 SD outlier cutoff. Of the 69 participants, 20 indi-
cated they had been in a physical fight. Among the subset of the
21 participants who completed the AMII, all subscales of the
AMII showed sufficient reliability, Cronbach’s as 0.76-0.90, ex-
cept for the Anger Expression—In subscale, o =0.60, which was
excluded from all subsequent analyses.

ROI analyses: NAcc activity and retaliatory aggression

Percent signal change values were extracted from the left and
right NAcc separately across retaliatory and non-retaliatory tri-
als. One female participant was deemed an outlier as her left
NAcc activity was 4.10 SDs below the mean and was excluded
from analysis. All analyses controlled for the effect of gender,
which reliably influences aggression (Archer, 2004). After con-
trolling for gender, left NAcc activity during retaliatory trials
was associated with greater aggression, f=0.27, t(65)=2.24,
P=0.029 (Figure 2). This effect was not observed for the right
NAcc, f=0.12, t(65)=0.98, P=0.329, during non-retaliatory tri-
als, f=0.07, t(65)=0.54, P=0.594, or when the outlier was re-
tained in the analysis, f=0.20, t(66) =1.67, P=0.099. Retaliatory
aggression’s correlation with left NAcc activity during retali-
atory trials was significantly stronger than with left NAcc activ-
ity during non-retaliatory trials, Z=2.23, P=0.026 (Lee and
Preacher, 2013).

Left NAcc activity across all aggression trials was also associ-
ated with a substantially greater likelihood of having been in a
physical fight, odds ratio (OR)=38.86, Wald=5.11, P=0.024,
even when the outlier was retained in the analysis, OR =39.43,
Wald =5.22, P=0.022. This effect was not observed for the right
NAcc, OR=6.20, Wald =1.41, P=0.235.

Suggesting that the NAcc activity represented a positively
valenced experience of reward, individual differences in the
tendency to use aggression to experience positive affect (as
measured by the Anger Expression—Out subscale of the AMII)
were associated with greater bilateral NAcc activity across both
retaliatory and non-retaliatory trials, f=0.65, t(14)=2.69,

Retaliatory Aggression
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P =0.018, after controlling for the effects of gender and the other
two AMII subscales. This association was not observed when
the outlier was retained in the model, f=0.47, t(15)=1.66,
P=0.118. As detailed in our Supplemental Materials, the Anger
Expression—Out subscale of the AMII is associated with the ex-
perience of positive affect in relation to aggression. Thus, it ap-
pears that reward-related activity in the NAcc is related to
greater aggression both inside and outside the laboratory.

Functional connectivity analyses: NAcc-VLPFC coupling
and retaliatory aggression

To assess correlations between aggression and functional con-
nectivity between the right VLPFC and NAcc, we extracted the
time series of the aggression task for each participant from the
left NAcc and right VLPFC, using the ROI masks described previ-
ously. After isolating the timeseries of the Retaliatory and Non-
Retaliatory Aggression trials, we correlated the right VLPFC and
left NAcc time series yielding a Pearson’s r coefficient for each
participant and for each condition (as in Chester and DeWall,
2014; Denson et al., 2014). Two female participants were deemed
outliers as their functional connectivity estimates were over 2.5
SDs below the sample mean (i.e. —2.85,—2.54 SDs) and were
excluded from analysis. After controlling for gender, functional
connectivity between the right VLPFC and left NAcc during re-
taliatory trials was associated with lesser aggression, ff=—0.25,
t(64) =—2.09, P=0.041 (Figure 3). This effect did not hold for
non-retaliatory trials, §=0.13, t(64) = 1.08, P =0.284, or when the
two outliers were retained in the model, f=-0.16, t(66) = —1.34,
P =0.185. Retaliatory aggression’s correlation with left NAcc ac-
tivity during retaliatory trials was significantly stronger than
with left NAcc activity during non-retaliatory trials, Z=-2.53,
P=0.011 (Lee and Preacher, 2013). Because both retaliatory and
non-retaliatory aggression trials were preceded by a 20s fix-
ation screen, there is no concern that a previous trial’s BOLD re-
sponse contaminated the connectivity estimates we obtained.

Whole brain analyses

To assess other potential neural correlates of aggression and to
provide additional evidence for the association between the
NAcc and retaliatory aggression, we conducted two whole brain
analyses. In the first analysis, we contrasted neural activation
associated with retaliatory > non-retaliatory aggression.
However, because these trial types only represented the

T | T ]
-.20 .00 .20 .40

NAcc % Signal Change

Fig. 2. Region-of-interest masks in red for the left and right NAcc, with Montreal Neurological Institute anatomical coordinates for the y axis. The scatterplot depicts
positive association between the volume of noise blasts administered after provocation (i.e. retaliatory aggression) and percent signal change units in the left NAcc
during retaliatory aggression trials (controlling for gender). Curved lines represent 95% CI. around the partial regression line.
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Retaliatory Aggression

| | |
-.50 .00 .50 1.00

r'VLPFC-NAcc Connectivity

Fig. 3. Region-of-interest masks for the bilateral NAcc (red) and right VLPFC (green). The arrow represents functional connectivity between the left NAcc and right
VLPFC. The scatterplot depicts a negative association between the volume of noise blasts administered after provocation (i.e. retaliatory aggression) and functional
connectivity estimates between the left NAcc and right VLPFC (controlling for gender). Curved lines represent 95% C.I. around the partial regression line.

opportunity to aggress and did not capture associations with
aggression itself, we conducted a whole-brain regression ana-
lysis in which retaliatory aggression scores were modeled as
a regressor for neural activity during the retaliatory > non-
retaliatory aggression contrast. This regression analysis allowed
us to assess neural regions that were associated not only with
retaliatory aggression trials, but with the actual levels of aggres-
sion participants displayed.

Main effect analysis. Retaliatory aggression trials, after being
contrasted against non-retaliatory aggression trials, were asso-
ciated with several large clusters of neural activity (Table 2). We
replicated the findings of previous research in that retaliatory
aggression trials were associated with activity in the inferior
frontal gyrus, posterior cingulate, precentral gyrus, and superior
temporal gyrus (Krdmer et al., 2007). However, we also observed
greater, bilateral activity in the hippocampus that extended ros-
trally into the amygdala, as well as greater activity in the poster-
ior insula and postcentral gyrus. No activated voxels were
observed in the NAcc.

Regression analysis. When retaliatory aggression scores were
correlated with brain activity, we saw a very similar pattern of
results as to the main effect analyses (Figure 4; Table 3) with
large clusters spanning across the amygdala, hippocampus,
posterior insula, pre and postcentral gyri and superior temporal
gyrus. However, these regression results, when underlaid be-
neath the main effect contrast activations, revealed additional,
previously unobserved clusters in the left NAcc, dorsal striatum,
dorsal anterior cingulate cortex and DMPFC (Figure 5).

Discussion

The damage done by human aggression is well known, yet what
motivates this behavior is less understood. Perhaps the best-
known causes of aggression are provocation and the negative
feelings that result from it (Anderson and Bushman, 2002).
However, provocation appears to render retaliatory aggression
as a rewarding experience (Ramirez et al., 2005), though a direct
test of this hypothesis is lacking. In an effort to empirically sub-
stantiate this claim, we sought to implicate the function of the
brain’s reward circuitry as a substrate of retaliatory aggression.
Supporting this prediction, activity in the left NAcc during

Table 2. Whole-brain fMRI main effect results from the retaliatory
> non-retaliatory aggression contrast (10 329 voxels)

Brain region Peak Z Peak MNI
coordinates (x,y,z)
Hippocampus/parahippocampal 5.17 -56, —14,0
Gyrus
438 -18,-22,-16
406 36, -30, —14
4.03 36, 20, —16
3.94 30, ~12, —18
3.66 40, ~42, 16
Inferior frontal gyrus 4.36 -30, 32, -18
Middle temporal gyrus 4.40 —-62,-22, -18
Postcentral gyrus 4.83 —20, —38,72
3.88 ~10, —42, 74
Posterior cingulate cortex 3.88 -10, —22, 44
Precentral gyrus 4.00 —16, —18,74
3.86 14, -28, 74
Superior parietal lobule 4.04 —-12,-56,70
Superior temporal gyrus 5.17 —56, —14,0
445 -58,-4,6
3.98 60, 4, —10
3.60 56, —10, 2

Note: MNI = Montreal Neurological Institute.

aggressive decisions was associated with greater aggressive be-
havior after provocation. This association represents an initial
step towards placing hedonic reward as a key contributor to re-
taliatory aggression.

In addition to this contribution, our findings largely repli-
cated previous research on the neural correlates of retaliatory
aggression that included regions of the cingulate cortex, dorsal
striatum, insula, lateral and medial aspects of the prefrontal
cortex and superior temporal gyri (Krdmer et al., 2007; Lotze
et al., 2007; Dambacher et al., 2015). The absence of NAcc activity
during retaliatory aggression from these previous studies may
stem from their relatively smaller sample sizes and the associ-
ated ability to detect more subtle, subcortical neural activity.
The large clusters of activation that we observed in the hippo-
campi and DMPFC during retaliatory aggression fit nicely with
previous research that implicate these regions as critical neural
substrates of anger and angry rumination in response to
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Fig. 4. Whole-brain fMRI regression analyses in which neural activity from the retaliatory > non-retaliatory aggression contrast was regressed onto participants’ retali-

atory aggression scores.

provocation (Denson et al., 2008) and punishment (Lotze et al.,
2007). Future aggression research will benefit greatly from
exploring the specific role that each of these regions play in
motivating and regulating aggressive behavior. Modulation of
these various regions through brain stimulation and psycho-
active drugs presents itself as a promising avenue to disentan-
gle their various contributions.

If greater NAcc activity promotes aggression, then the inhib-
ition of this region should also predict inhibited aggression. We
demonstrated that the more that participants’ left NAcc showed
functional connectivity with the right VLPFC during aggressive
decisions, the less retaliatory aggression they perpetrated. This
finding supports the central tenets of balance theory that con-
strues self-regulatory failures (e.g. aggression) as arising from
an imbalance in the brain that favors subcortical structures in
relation to their regulatory counterparts in the prefrontal cortex
(Heatherton and Wagner, 2011). Although we made a bilateral
prediction regarding the NAcc, the effects we observed were
specific to the left hemisphere. The specificity of our associ-
ations with the left and not the right NAcc are possibly due to
the lateralization of positive valence to the dominant, left hemi-
sphere even among such subcortical structures as the NAcc
(Kithn and Gallinat, 2012; Berridge and Kringelbach, 2013).

This emphasis on hedonic reward as a potent contributor to
aggression stands in stark contrast with conventional
approaches to aggression research that emphasize the role of
negative affect and aversive states like heat (Anderson, 1989;
Berkowitz, 1989). However, our results are not meant to contend
with such models, rather we hope that they add nuance to
them. Consistent with previous research showing that aggres-
sion is often perceived and utilized as a means to alleviate nega-
tive affect (Bushman et al., 1999, 2001), we expect that negative
affect may motivate individuals to seek out sources of hedonic
reward to regain affective homeostasis. As our results suggest,
aggression may be such a perceived source of pleasure. These
findings have clear implications for treatments and interven-
tions that target reducing aggression. Indeed, if aggression is
motivated by reward then such treatments should adopt prac-
tices from addiction treatment models that often seek to miti-
gate the role of cravings and anticipated reward.

Table 3. Whole-brain fMRI regression results, in which neural activ-
ity from the retaliatory > non-retaliatory aggression contrast was re-
gressed onto retaliatory aggression scores (25 651 voxels)

Brain region Peak Z Peak MNI
coordinates (x, y, z)
Cerebellum 493 2, -58, -8
Inferior occipital lobe 4.54 —42,74,0
Middle frontal gyrus 3.35 —24,32,30
Nucleus accumbens 2.85 -12,4,-10
Postcentral gyrus 491 —22,-38,72
456 —36, -32, 64
Posterior insula 4.69 -36,-12, -8
Superior frontal gyrus/frontal 3.68 —22,22,38
pole
3.53 —4, 64, 30
3.46 ~22,38,28
3.32 ~6,64,16
3.21 -18, 62,20
Superior temporal gyrus 5.42 —56, -12,2

Note: MNI = Montreal Neurological Institute.

A lingering question is whether the NAcc activity, we
observed represents currently-felt reward, anticipated reward or
some other psychological process altogether. Issues with reverse
inference that are inherent in functional neuroimaging make this
a difficult inquiry to resolve (Poldrack, 2006). It deserves to be
noted that reverse inference is a problematic aspect of almost all
research (e.g. does a self-report of anger truly represent the ex-
perience of that process?). Indeed, NAcc activity is not a pure neu-
ral signature of reward, given the role of the NAcc in broader
learning and motivational circuitry (Floresco, 2015). Yet a wealth
of meta-analytic evidence from hundreds of functional neuroi-
maging studies suggests that the NAcc is most reliably associated
with reward (Diekhof et al., 2012; Kithn and Gallinat, 2012; Bartra
et al., 2013; Berridge and Kringelbach, 2013). To support this re-
verse inference within our own study, we found that, in the con-
text of our aggression task, NAcc activity represented positively
valenced reward in the form of the observed correlation between
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Fig. 5. Whole-brain fMRI analysis for the retaliatory > non-retaliatory aggression contrast in which red voxels represent neural activity regressed onto retaliatory ag-
gression scores and blue voxels represent overlap with the main effect of trial type. Clusters that are specific to the regression analysis are depicted in both a (A) sagittal
view demonstrating an MPFC cluster and a (B) coronal view depicting a cluster in the left NAcc.

NAcc activity and the tendency to use aggression to experience
positive affect. This correlation suggests that, NAcc activity repre-
sented the anticipation of positive affect. Indeed, research on the
NAcc appears to implicate it as being associated with the antici-
pation of a rewarding stimulus more than the current, hedonic
sensation (Berridge and Kringelbach, 2013). As such, the NAcc ac-
tivity we observed may represent the expected reward of aggres-
sion and less so the currently felt level of reward. This
anticipatory function of the NAcc and its relation to aggression
fits nicely with recent meta-theoretical evidence that anticipated
emotion is a potent motivator of social behaviors (Baumeister
etal.,, 2007; DeWall et al., in press).

We cannot disentangle the extent to which the NAcc activity
we observed during retaliatory aggression was due to the re-
ward of aggression itself, or the outcome of seeing the provoca-
teur punished for their incendiary acts. Previous research
linking the act of simply observing the punishment of provoca-
teurs has also shown NAcc reactivity (Singer et al., 2006; Krdmer
et al., 2007). Future research should seek to disentangle the re-
warding nature of aggression per se and the achievement of its
intended outcome. Additionally, we cannot be sure that activity
in the rVLPFC represented self-regulatory processes as this re-
gion has also been implicated in such psychological processes
as language generation (Nagel et al., 2008).

Yet why would these effects be observed only for retaliatory
aggression? The behavioral literature shows very clearly that
aggression is only rated as pleasant when it occurs after a
provocation (Carré et al., 2010). We speculate that this specificity
of reward’s association with retaliatory aggression is likely due
to evolutionary forces that selected for a motivational system
that spurred individuals towards inflicting reciprocal costs on
those who reduced their reproductive fitness (McCullough et al.,
2013). Implicating the motivation to maintain justice, the posi-
tive affect associated with ‘righting a wrong’ appears to motiv-
ate aggressive behavior (Gollwitzer and Bushman, 2012). Thus,
ancient retributive motivations and more modern desires for
equity may underpin the specificity of reward in motivation re-
taliatory aggression. However, the ability of self-regulation to
undermine the effect of reward on aggression offers hope for
reducing human violence.
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