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Abstract

Although models of emotion have focused on the relationship between anger and approach
motivation associated with aggression, anger is also related to withdrawal motivation. Anger-out and
anger-in styles are associated with psychopathology and may disrupt the control of attention within
the context of negatively valenced information. The present study used event-related brain potentials
(ERPs) to examine whether anger styles uniquely predict attentional bias to negative stimuli during
an emotion-word Stroop task. High anger-out predicted larger N200, P300, and N400 to negative
words, suggesting that aggressive individuals exert more effort to override attention to negative
information. In contrast, high anger-in predicted smaller N400 amplitude to negative words,
indicating that negative information may be readily available (primed) for anger suppressors,
requiring fewer resources. Individuals with an anger-out style might benefit from being directed away
from provocative stimuli that might otherwise consume their attention and foster overt aggression.
Findings indicating that anger-out and anger-in were associated with divergent patterns of brain
activity provide support for distinguishing approach- and withdrawal-related anger styles.
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Researchers have postulated approach- and withdrawal-related motivational systems that are
implemented in several brain regions and that play a crucial role in the experience and
expression of emotion. Anger, a feeling evoked when individuals believe that they or others
are treated badly or unfairly (Averill, 2001), involves approach and/or withdrawal behavior

© 2010 Elsevier B.V. All rights reserved.

Correspondence should be directed to Jennifer L. Stewart, Department of Psychology, University of Arizona, 1503 East University Blvd,
Tucson, AZ 85721, Phone: (520) 626-5401, Fax: (757) 257-6344, jIstewar@email.arizona.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Stewart et al.

Page 2

depending on context (e.g., Berkowitz, 1990; Watson, 2009; though see Carver & Harmon-
Jones, 2009). Spielberger (1988, 1999) developed the State-Trait Anger Expression Inventory
(STAXI), which conceptualizes anger expression styles that occur in connection with angry
feelings. The STAXI anger-out scale reflects aggression, defined as the expression of angry
verbal or motor behavior directed toward people or objects, whereas the STAXI anger-in scale
is conceptualized as measuring suppression or inhibition of outward signs of anger and/or
withdrawing from an anger-inducing situation.

Approach (anger-out) and withdrawal (anger-in) anger styles may disrupt the control of
attention in the context of negatively valenced information, interfering with successful emotion
regulation. Several behavioral studies have indicated that angry individuals display an
attentional bias toward negatively valenced stimuli (e.g., Cohenetal., 1998; Eckhardt & Cohen,
1997; Kirsch et al., 2005; Smith & Waterman, 2003, 2004; van Honk et al., 2001) that could
underlie the potential for angry individuals to perceive ambiguous situations as hostile and/or
threatening (e.g., Hazebrook, et al., 2001; Wenzel & Lystad, 2005). Furthermore, approach
and withdrawal anger styles may differ in the timing and activation of attentional bias to
negative stimuli.

Unlike behavioral measures such as reaction time (RT), event-related brain potentials (ERPS)
offer multiple, millisecond measurements of attentional processes. However, little research is
available on ERP effects associated with an anger-out style (Patrick & Verona, 2007), and none
has specifically examined ERPs associated with an anger-in style. ERP studies of aggression
have primarily used oddball tasks consisting of either auditory or visual stimuli and have
focused on the parietally distributed P300 component, typically in patient or inmate populations
(e.g., Barratt et al., 1997; Bernat et al., 2007; Harmon-Jones et al., 1997; Stanford et al.,
2003), although college and community populations have also been examined (e.g., Gerstle et
al., 1998; Mathias & Stanford, 1999; Surguy & Bond, 2006). P300, a positive deflection
typically occurring 300 to 600 ms post-stimulus-onset, is thought to reflect stimulus evaluation,
attention allocation, and context updating (e.g., Coles et al., 2000; Donchin & Coles, 1988).
Results of these P300 studies suggest a link between impulsive aggression and reductions in
parietal P300 amplitude (Barratt et al., 1997; Harmon-Jones et al., 1997).

Most ERP studies of aggression have employed non-emotional words or sounds as oddball
stimuli, so it is unclear whether the association between reduced P300 amplitude and aggression
generalizes to or differs from anger- or aggression-related stimuli. The single ERP study
incorporating negatively valenced stimuli found that male community members high in
aggression displayed reduced frontal P3a in response to non-target aggressive words in a visual
oddball task, but these P3a reductions were in the absence of parietal P300 decrements in
response to target-neutral food-related words (Surguy & Bond, 2006).

Whereas P300 is thought to reflect evaluation of stimulus significance, N100 (a negative
deflection occurring around or shortly after 100 ms) and P200 (a positive deflection occurring
about 200 ms) are components with frontocentral scalp distributions thought to reflect attention
to stimuli during relatively early, perceptual stages of processing (e.g., Hillyard et al., 1998;
Junghéfer et al., 2001; Nataanen et al., 1982). In contrast to earlier components like the N100
and P200, the visual N200 is a negative-going ERP component occurring 200-300 ms post-
stimulus, with a right-lateralized frontocentral scalp distribution localized to a right prefrontal
source (Strik et al., 1998), thought to reflect response inhibition and/or conflict monitoring
(e.g., van Veen & Carter, 2002). N400 indexes elaborative stimulus processing in that it is
modulated by semantic meaning. Larger N400 amplitude is associated with improbable words,
whereas smaller N400 amplitude is associated with facilitated processing (e.g., for words of
higher lexical frequency or words primed within a particular sentence context; Kutas &
Hillyard, 1980; van Petten & Kutas, 1990). Although N400 is reduced for emotional stimuli
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that are primed (Schirmer et al., 2002, 2005), it is also attenuated for emotional stimuli
compared to neutral stimuli in the absence of explicit priming (Kanske & Kotz, 2007). If
amplitudes of earlier components such as N100 or P200 are reduced in size, conclusions about
aggression and its relationship to attention cannot be limited to later, “top-down” processes
involving attentional control such as N200, P300, or N400. ERP studies of aggression have
not typically analyzed components other than P300, although one study using neutral stimuli
found no relationship between aggression and N100, P200, or N200 amplitude (Barratt et al.,
1997).

The present study examined whether approach and withdrawal anger expression styles were
differentially associated with attentional bias to negative words in an emotion-word Stroop
task above and beyond measures of negative affect that are highly comorbid with anger
expression such as depression, anxiety, and trait anger (e.g., Deffenbacher et al., 1996). Neural
mechanisms involved in attention to emotional stimuli were measured using N100, P200,
N200, P300, and N400 amplitude scores. The specificity of any such effects to negative stimuli
was evaluated by inclusion of positive and neutral stimuli.

Differential predictions were made regarding ERP amplitude to negative stimuli in anger styles,
despite lack of guidance from the literature. It was hypothesized that higher anger-in scores
would predict larger N200, P300, and N400 amplitude in response to negative words, as more
resources may be needed for high anger-in individuals to suppress outward angry responses.
In contrast, it was predicted that anger-out would be linked to reduced N200, P300, and N400
amplitudes to negative stimuli based on prior P300 research utilizing non-emotional stimuli
with aggressive individuals. It was predicted that the two anger styles would diverge only when
executive control was needed (reflected in N200, P300, and N400 amplitude) to override
attention to negative valence in order to select the correct color response.

Itwas likely that differences in brain activation as a function of anger style would occur without
behavioral differences in RT or error rates (e.g., longer RT and more errors for negative stimuli
than for positive or neutral stimuli), since in nonclinical samples, including samples indexing
traits such as anxiety, RT impairment from emotional content is attenuated in the emotion-
word Stroop task (e.g., Franken et al., 2009; Thomas et al., 2007). Thus, in the present study
the focus was on ERP indices of attentional bias to emotional stimuli.

Participants were 102 paid undergraduates (54 female, 81% Caucasian, mean age = 19.02,
SD =1.74) recruited via group questionnaire sessions in which measures of anger, anxiety, and
depression were administered. Participants completed the Anger Expression-In, Anger
Expression-Out, and Trait Anger scales from the State-Trait Anger Expression Inventory 2
(STAXI-2; Spielberger, 1999). STAXI-2 Anger Expression-In and Anger Expression-Out are
8-item scales on which participants rate how they generally react or behave when angry or
furious (1 = almost never, 2 = sometimes, 3 = often, 4 = almost always). Examples of Anger
Expression-In items are “I boil inside but don’t show it” and “I withdraw from people.”
Examples of Anger-Expression-Out items are “I strike out at whatever infuriates me” and “I
do things like slam doors.” STAXI-2 Trait Anger is a 10-item scale that measures individual
differences in the predisposition to express anger and react angrily to situations involving
frustration or negative evaluation. In addition to the Trait Anger scale, participants were
administered other measures of negative affect to assess depression and types of anxiety that
may co-occur with anger styles: the Penn State Worry Questionnaire (PSWQ; Meyer et al.,
1990) to assess anxious apprehension, or worry, and the Anxious Arousal (AA) and Anhedonic
Depression (AD) scales of the Mood and Anxiety Symptom Questionnaire (MASQ); Watson
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etal., 1995) to assess anxious arousal, or somatic anxiety, and anhedonic depression. A subscale
of 8 items from the MASQ-AD was used that identifies depressed mood and loss of interest
distinct from other items reflecting low positive affect (Nitschke et al., 2001). Means and
standard deviations for STAXI-2, PSWQ, MASQ-AA, and 8-item MASQ-AD scales are
provided in Table 1, and correlations between scales are presented in Table 2.1 Results indicate
that, although higher anger-in and anger-out scores were both associated with higher trait anger
scores, anger-in (but not anger-out) was positively linked to depression and types of anxiety,
with anger-in possessing a significantly higher correlation with anxious apprehension than
anger-out (p < .01). All participants provided informed consent, were right-handed with
average Edinburgh Handedness (Oldfield, 1971) laterality quotient M = 78.96 (SD = 17.52),
native speakers of English with self-reported normal color vision who were free of traumatic
brain injury and other medical conditions known to affect central nervous system function (e.g.,
epilepsy). This study was approved by the university IRB before participants were recruited,
and therefore this research has been performed in accordance with the ethical standards of the
1964 Declaration of Helsinki.

Stimuli and Experimental Design

Participants2 completed a color-word Stroop task and an emotion-word Stroop task. Both tasks
were administered during an EEG session and again during an fMRI session. The order of
presentation of the two Stroop tasks within a session was counterbalanced across participants,
as was the order of the EEG and fMRI sessions, with a diagnostic interview session in-between
(49 participants were assigned EEG sessions first, whereas the remaining 53 were assigned
fMRI sessions first). Data from the emotion-word Stroop task completed during the EEG
session are reported in the present study.3

Word presentation and response recording were controlled by STIM software (James Long
Company, Caroga Lake, NY). Several pilot studies for this project as well as published work
show that a blocked design is more effective in eliciting emotion-word Stroop interference than
isan intermixed design (e.g., Compton et al., 2003; Dalgleish, 1995). The emotion-word Stroop
task consisted of blocks of positive or negative emotion words alternating with blocks of neutral
words. Participants received 256 trials in 16 blocks (4 positive, 8 neutral, 4 negative) of 16
trials. A trial began with the presentation of a word for 1500 ms, followed by a fixation cross
for 275 to 725 ms (onset to onset ITI 2000 +/-225 ms). Each trial consisted of one word

a1 participants in this sample were recruited for a larger study on the basis of high (above the goth percentile) and low (below the
50th percentile) scores on PSWQ, MASQ-AA, and 8-item MASQ-AD scales gathered during group testing sessions (PSWQ: 72 low-
scoring subjects, 30 high; MASQ-AA: 74 low, 28 high; 8-item MASQ-AD: 72 low, 30 high). The STAXI-2, PSWQ, and MASQ
questionnaires were readministered to participants during an individual laboratory tour, and these scores were used in the present study.
Subjects selected with these criteria represent most of the range of the scales (all but about 1 SD), so this is not a traditional extreme-
groups strategy. Furthermore, some regression to the mean occurred from the time of the mass testing session to the lab tour session;
Table 1 indicates that 24—32% of the sample moved into the 50t to the goth percentile range on the PSWQ and MASQ scales,
demonstrating a relatively normal distribution of scores on these measures.

The present study includes ERP data from participants reported on in three published studies: 1) 42 anxious and control participants in
a fMRI study of the emotion-word Stroop task (Engels et al., 2007), 2) 14 control participants in a fMRI study of color-word and emotion-
word Stroop tasks (Mohanty et al., 2007), and 3) 38 anxious and control participants from an ERP study of the emotion-word Stroop task
(Sass et al., in press). The present study uses a much larger sample to examine how anger styles moderate ERP amplitude above and
beyond depression and anxiety. The three former studies did not address anger. Of the 102 participants in the present study, 39 were not
included in any of these studies, and 64 were not included in the ERP studies.

During the diagnostic interview session, each participant was administered the Structured Clinical Interview for DSM-1V (SCID, First,
Spitzer, Gibbon, & Williams, 1997) by a PhD student in clinical psychology who had completed a year-long SCID practicum. Interviewers
were supervised via group case-conference-review sessions with a senior clinical psychologist (GAM) who has supervised over 2600
SCIDs. Of the 102 participants, 32 met criteria for lifetime Axis | diagnoses (10 of whom met criteria for more than one diagnosis): major
depressive disorder (MDD) = 14 (1 of whom met criteria for current major depressive episode); dysthymia = 1; depressive disorder not
otherwise specified = 2; social phobia = 2; specific phobia = 4; generalized anxiety disorder = 8; obsessive compulsive disorder = 1;
posttraumatic stress disorder = 1; anxiety disorder not otherwise specified = 1; anorexia = 2; alcohol abuse = 5; alcohol dependence = 4;
substance abuse = 1. In several exploratory analyses (for emotion-word Stroop replication of the literature and for anger style) presence/
absence of a diagnosis did not alter the findings reported here.
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presented in 1 of 4 ink colors (red, yellow, green, blue) on a black background, with each color
occurring equally often with each word type (positive, neutral, negative). In the EEG and the
fMRI sessions, each participant was randomly assigned 1 of 8 possible orders designed
specifically to control stimulus order effects. In 4 of the 8 presentation orders, the first and
third blocks were neutral words, with positive and negative blocks second or fourth, with
valence order counterbalanced across participants. The remaining 4 presentation orders
complemented these, with the first and third blocks being either positive or negative emotion
words and the neutral words second and fourth. These 8 orders of presentation were designed
to ensure that the neutral and emotional words preceded each other equally often in order to
avoid order effects. Stimulus familiarity was controlled by presenting each word just once per
session. Within a block, each color appeared 4 times, and trials were pseudo-randomized such
that no more than 2 trials featuring the same color appeared in a row. After every fourth block,
there was a brief rest period. In addition to the 16 word blocks, there were 4 fixation blocks,
one at the beginning, one at the end, and two in the middle of the experiment: instead of a word,
abrighter fixation cross was presented for 1500 ms, followed by the fixation cross that followed
word stimuli.

The 256 word stimuli were selected from the Affective Norms for English Words set (ANEW:
Bradley & Lang, 1999). Sixty-four positive (e.g., birthday, ecstasy, laughter), 64 negative (e.g.,
suicide, war, victim), and two sets of 64 neutral (e.g., hydrant, moment, carpet) words were
carefully selected on the basis of established norms for valence, arousal, and frequency of usage
in the English language (Bradley & Lang, 1999; Toglia & Battig, 1978). Specifically, positive
and negative words were chosen to be particularly high in arousal. Words ranged from three
to eight letters in length. Words were presented in capital letters using Tahoma 72-point font
at a distance of 1.35 m from the participant's eyes, for a vertical span of 1.5 degrees and a
horizontal span between 2.5 and 9.3 degrees. Participants were instructed to press one of four
buttons (red, yellow, green, blue, mapped to the first two fingers of each hand) to indicate the
color of each word as quickly as possible. Instructions were read verbatim by experimenters
to assure that participants understood task requirements. The participant performed 32 practice
trials before the actual task began. No participants failed to understand the task instructions or
the mapping between colors and buttons after completing practice trials.

Electrophysiological Recording and Data Reduction

Participants were seated in a comfortable chair in a quiet room that was adjacent to a room
where the experimenter controlled stimulus presentation and EEG data collection. The
participant room was connected to the experimenter room by intercom. EEG was recorded with
a custom-designed Falk Minow 64-channel cap with Ag/AgCl electrodes spaced equidistantly,
extending inferiorly to the FO/F10 ring of the 10-10 System. The left mastoid served as the
online reference for all EEG and EOG sites. Electrodes placed above and below each eye and
near the outer canthus of each eye recorded vertical and horizontal EOG for off-line eye-blink
artifact correction of EEG. Electrode impedances were maintained below 20 kQ, in line with
the high input impedance of the amplifiers. Half-power amplifier bandpass was .1 to 100 Hz,
and data were digitized at 250 Hz. Electrode positions were recorded using a Zebris ELPOS
digitizer (Zebris Medizintechnik, Tubingen, Germany).

Via Brain Electrical Source Analysis (BESA 5.1.8) software, muscle, movement, blink, and
other artifacts were removed (Berg & Scherg, 1991, 1994). The electrode configuration was
then transformed to BESA’s standard 81-channel montage using spherical spline interpolation
(Perrinetal., 1989), reflecting the 10-10 system and facilitating comparison with other studies.
An average reference was computed for each time point as the mean voltage over the 81
standard virtual scalp electrodes. Data were exported from BESA and each channel baseline-
adjusted by subtracting the average amplitude for the 200 ms before stimulus onset in custom
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Matlab software. Waveform averages were smoothed using a 101-weight, .1-8 Hz digital filter
(Cook & Miller, 1992; Edgar et al., 2005; Nitschke et al., 1998).

Individual correct trials were averaged for each emotion condition of interest (positive, neutral,
and negative). Since N100, P200, N200, and N400 ERP components have predominantly
frontocentral distributions, peak latency and amplitude of these components were scored at
frontal (Fz, F1, F2, F3, F4), frontocentral (FCz, FC1, FC2, FC3, FC4), and central (Cz, C1,
C2, C3, C4) sites. P300 was scored at centroparietal (CPz, CP1, CP2, CP3, CP4), parietal (Pz,
P1, P2, P3, P4), and parietooccipital (POz, PO3, PO4, PO7, PO8) sites, reflecting its more
posterior distribution. Electrode sites and scoring windows for N100 (80-140 ms), P200 (160-
260 ms), N200 (240-360 ms), P300 (450-580 ms), and N400 (448-580 ms) were chosen by
examining grand-average waveforms and individual participant data and consulting recent
Stroop ERP literature measuring these components (e.g., Curtin & Fairchild, 2003; Sass et al.,
in press; Thomas et al., 2007). The amplitude score was created by averaging data surrounding
the scored peaks, in order to obtain a more reliable measure of ERP amplitude. For N100, P200,
and N200, 12 ms were averaged before and after peak latency (7 points spanning 24 ms). Since
P300 and N400 are much longer in duration, 48 ms were averaged before and after peak latency
(25 points spanning 96 ms). Two electrodes from each hemisphere were selected and their
amplitude scores averaged together for each region in order to examine hemisphere differences
in amplitude (for N100, P200, N200, and N400: F1 and F3 = left frontal, F2 and F4 = right
frontal, FC1 and FC3 = left frontocentral, FC2 and FC4 = right frontocentral, C1 and C3 = left
central, C2 and C4 = right central; for P300: CP1 and CP3 = left centroparietal, CP2 and CP4
=right centroparietal, P1 and P3 = left parietal, P2 and P4 = right parietal, PO3 and PO7 = left
parietooccipital, PO4 and PO8 = right parietooccipital).

Electrophysiological Data Analysis

Replication of emotion-word Stroop effects—In order to compare present ERP results
of the present study to prior ERP research using the emotion-word Stroop task, univariate
ANOVAs were computed separately for each ERP component, with condition (positive,
neutral, negative) and midline electrode (for N100, P200, N200, and N400: Fz, FCz, and Cz;
for P300, CPz, Pz, and POz) as within-subject variables and session counterbalancing order
(EEG-first, MRI-first) as the between-subject variable. P-values reflect the Huynh-Feldt
correction for sphericity where appropriate.

Anger style—Since prior work indicated that anger is associated with an attentional bias
toward negative stimuli, examining ERP amplitude differences as a function of anger style for
negative words was of primary interest. Thus, anger style score (STAXI-2 Anger Expression-
In for anger-in, or STAXI-2 Anger Expression-Out for anger-out) was first correlated with two
ERP amplitude difference scores for two comparisons: 1) negative minus neutral, and 2)
negative minus positive. Next, for correlations in which either anger-style scores contributed
significant variance to ERP amplitude (p < .05), the anger-style score of interest (either
STAXI-2 anger-in or anger-out) was entered as a predictor in regression analyses after variance
associated with other types of negative affect (PSWQ for anxious apprehension, MASQ-AA
for anxious arousal, 8-item MASQ-AD subscale for anhedonic depression, and STAXI-2 Trait
Anger) was removed. In other words, four measures of negative affect were entered together
in the first step of a hierarchical linear regression to predict ERP amplitude, and then anger
style was entered in the second step. All questionnaire scores were z-scored (pooling across
subjects within questionnaire) before they were entered as regression predictors. Results from
regressions involving anger style were considered (and reported) only if anger-in or anger-out
predicted at least marginally unique variance (p <.10) when entered after other measures of
negative affect. When anger-in and/or anger-out contributed significant variance to ERP
amplitude, the difference between anger-in and anger-out effects was compared by calculating
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the 95% confidence interval for each beta (Cohen et al., 2003) and examining whether these
confidence intervals overlapped.4

Behavioral Data Analysis

Results

Replication of emotion-word Stroop effects—In order to compare RT and error-rate
results of the present study to prior behavioral research using an emotion-word Stroop task,
univariate ANOVAs were computed separately for RT and error rate, with condition (positive,
neutral, negative) as the within-subject variable and session counterbalancing order (EEG-first,
MRI-first) as the between-subject variable. P-values reflect the Huynh-Feldt correction for
sphericity where appropriate.

Anger style—Identical regressions involving anger styles were executed with the dependent
variable being RT or error rate instead of ERP amplitude.

Grand-average ERP waveforms are shown in Figure 1 and Figure 2. Participants who had ERP
amplitude scores greater than 3 SD from the mean for at least one electrode site (two for N100,
one for P200, four for N200 and P300, and five for N400) were removed from analyses for
that particular component.

Replication of Emotion-Word Stroop Effects

Behavioral Data—A valence by session-order effect emerged for RT (F(1, 100) =5.75, p
=.018, partial n2 = .05), indicating that the EEG-first group took longer to respond to positive
(M =667.18, SE = 12.86) and negative words (M = 675.63, SE = 13.35) than neutral words
(M =659.23, SE = 12.86), whereas no differences emerged for the MRI-first group (positive:
M = 637.37, SE = 12.36, neutral: M = 640.87, SE = 12.36, negative: M = 638.77, SE = 12.84).
In addition, a valence effect emerged for error rate (F(1, 100) = 19.69, p < .001, partial n2 = .
17), indicating that the neutral condition was associated with a higher number of errors (M =
4.51, SE = .41) than positive and negative conditions (M = 2.95, SE = .21, and M = 3.32, SE
= .27, respectively).

N100—A session-order by electrode interaction emerged (F(2, 196) = 4.02, p = .042,
partial n2 = .04), indicating that N100 at Fz was larger for EEG-first (M = —2.40, SE = .14)
than MRI-first (M = —1.95, SE = .13) participants.

P200—A main effect of channel emerged (F(2, 198) = 47.56, p < .001, partial n2 = .32),
demonstrating that P200 was larger at Cz (M = 3.27, SE = .21) followed by FCz (M = 2.56,
SE =.20) and Fz (M = 2.03, SE =.18) (all channels differed from each other at p < .001).

N200—Main effects of condition (F(2, 192) = 7.92, p = .001, partial n2 = .08) and channel
(F(2,192) = 51.58, p < .001, partial n2 = .35) were qualified by a condition by channel
interaction (F(4, 384) = 3.52, p = .025, partial n2 = .04) indicating that N200 was larger for
the neutral condition than 1) the positive condition at Fz (p <.001) and FCz (p = .001), and 2)
the negative condition at Fz (p = .007), FCz (p = .003), and Cz (p = .022). In addition, for the
positive condition, N200 was larger at Fz and FCz than Cz (both p <.001), whereas, for the

4since some models of emotion have postulated hemisphere differences in frontal EEG asymmetry as a function of approach and
withdrawal motivation, hemisphere differences were tested, but no left/right differences were found to be associated with anger-in or
anger-out. Also, analyses were computed for ERP latency parallel to those for ERP amplitude. No effects of interest were hypothesized
or found. That neither anger-in nor anger-out predicted unique variance in ERP component latency scores indicates that anger styles are
not associated with processing speed deficits during stimulus updating. The analyses reported here thus focus on amplitude, with
implications for resource allocation.
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neutral and negative conditions, N200 was larger at Fz than FCz (p < .05), and Fz and FCz
were larger than Cz (both p < .001). Finally, a session-order by condition interaction emerged
(F(2, 192) = 3.75, p = .025, partial n2 = .04), demonstrating that the neutral condition elicited
larger N200 than the negative condition for the EEG-first group (p = .004), whereas the neutral
and negative conditions were associated with larger N200 than the positive condition for the
MRI-first group (p <.001 and p = .021, respectively).

P300—Muain effects of condition (F(2, 192) = 5.15, p = .007, partial n2 = .05) and channel
(F(2, 192) = 15.65, p < .001, partial n2 = .14) were qualified by a condition by channel
interaction, indicating that P300 was larger for the negative condition than 1) the neutral
condition at CPz (p <.001) and Pz (p = .002) and 2) the positive condition at CPz (p = .024).
Inaddition, P300 was larger at Pz than CPz or POz for positive, neutral, and negative conditions
(all p <.001).

N400—A main effect of condition emerged (F(2, 190) = 3.88, p = .022, partial n2 = .04),
demonstrating that N400 was larger for neutral than negative stimuli (p = .007). In addition, a
main effect of channel (F(2, 190) = 157.82, p <.001, partial n2 = .62) indicated that N400 was
largest at Fz, followed by FCz, then Cz (all p <.001).

Three participants endorsing STAXI-2 Anger Expression-Out scores greater than 3 SD from
the mean were excluded from all analyses involving anger-out as a predictor.

Behavioral Data—Neither anger-in nor anger-out contributed unique variance to RT or error
rate.

N100—Although higher anger-out scores predicted larger N100 amplitude for the negative
minus neutral comparison at FCz, this effect became marginal once other indices of negative
affect (anxious apprehension, anxious arousal, anhedonic depression, and trait anger) were
included in the model (Table 3 illustrates the zero-order relationship between anger-out and
N100 amplitude for FCz, and Table 4 demonstrates variance accounted for by anger-out when
measures of negative affect are included in the model). Anger-in did not contribute variance
to N100 amplitude.

P200—Neither anger-in nor anger-out contributed variance to P200 amplitude.

N200—Two participants displayed one negative minus neutral score greater than 3 SD (one
for the left frontal region and the other for the left frontocentral region) and were excluded
from regression analyses for that particular region. Higher anger-out scores predicted larger
N200 amplitude for the negative minus positive comparison (see Figure 3 at FCz, and zero-
order relationships between anger-out and N200 amplitude in Table 3). Overall, these effects
remained significant after measures of negative affect were included in the model (see Table
4).

P300—Table 3 and Table 4 illustrate that higher anger-out scores predicted larger P300
amplitude for the negative minus neutral comparison at central and right posterior sites and a
larger negative minus positive effect on P300 at Pz (see Figure 3 for examples of P300 effects
at Pz).

N400—Higher anger-out scores predicted larger N400 amplitude at frontal channels for the

negative minus neutral comparison (see Table 3). These effects remained significant when
measures of negative affect were included (see Table 4). In contrast, higher anger-in scores
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predicted smaller N400 amplitude for the negative minus neutral comparison (left
frontocentral: R2 = .05, p = .22, p = .034; right central: R2 = .06, p = .24, p = .019), but these
effects became marginal after measures of negative affect were added to the model (left
frontocentral: entire model R2 = .06 / p = .292, negative affect added first R2 = .04 / p = .505,
anger-in added second R? = .03 / p = .096; right central: entire model R2 = .14 / p = .019,
negative affect added first R = .11/ p = .031, anger-in added second R? = .03 / p = .090).
Figure 4 illustrates differential patterns of N400 amplitude associated with anger-in versus
anger-out recorded at frontal sites of the left hemisphere.

Discussion

With anger-out and anger-in expression styles believed to be associated with opposing
motivational directions (approach, withdrawal), the present study investigated whether they
were associated with distinct patterns of behavior and brain activation during a selective
attention task that involves an emotional challenge. Findings illustrated differences in
attentional bias to negative stimuli as a function of anger style that was not due to other types
of negative affect. Results have implications for the hypotheses of the present study as well as
for conceptualizing differences in anger style.

First, it was predicted that anger-in and anger-out would not differ in attention to negative
stimuli until later stimulus processing stages, and this was generally confirmed. Higher anger-
out predicted larger N100 to negative stimuli, interpretable as heightened perceptual processing
of negative words. However, this effect was present only at one electrode site and was reduced
to marginal significance once measures of negative affect were included in the model. In
addition, neither anger-in nor anger-out predicted P200 amplitude to negative words. Overall,
these findings suggest that biases toward negative stimuli were confined to during later
elaborative stimulus processing involving attentional control for both anger styles.

Second, it was hypothesized that an anger-in style would be associated with larger N200, P300,
and N400 responses to negative stimuli, due to heightened resources needed to override or
inhibit the impact of negative words. This hypothesis was not supported. Anger-in was
unrelated to N200 and P300 amplitude and predicted smaller N400 amplitude for negative than
neutral words, a relationship that became marginally significant when indices of negative affect
were included in the model. It could be the case that individuals with an anger-in style require
fewer resources to process negative words, because negative content is already primed (the
STAXI-2 Anger Expression-In scale includes items of a ruminative quality such as “I tend to
harbor grudges that | don’t tell anyone about” and “I boil inside, but I don’t show it”). Since
no ERP literature exists on the anger-in style, hypotheses for the present study were
preliminary, and additional research is needed to explore how anger suppression taxes
attentional resources in situations that elicit anger.

Contrary to the third hypothesis, anger-out style was associated with preferential bias for
negative stimuli as indexed by N200, P300, and N400 amplitude. These findings suggest that
individuals with high levels of aggression need to exert attentional effort to override their focus
on negative (likely anger-related) information. Distinct interpretations of N200, P300, and
N400 effects in the literature suggest several avenues for further research.

Since research on response inhibition using Go-Nogo and Stop-Signal tasks has indicated that
N200 is larger for a withheld response than for a non-withheld response, and flanker-task
studies have found N200 larger for high-conflict than low-conflict stimuli, present N200
amplitude results suggest that negative stimuli are a source of conflict and require extra
resources to suppress. Stimulus features in the emotion-word Stroop task occasion no direct
conflict (e.g., responding to the color of the word does not directly compete with processing
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the meaning of the word; Algom et al., 2004; but see Dalgleish, 2005, and Mohanty et al.,
2007), so additional research is needed to pursue this hypothesis.

Higher anger-out scores were associated with increased P300 amplitude, results that are
inconsistent with research demonstrating reduced P300 in aggressive individuals (e.g., Barratt
etal., 1997; Bernat et al., 2007; Harmon-Jones et al., 1997; Stanford et al., 2003). However,
most of those studies examined inmate or inpatient populations, used non-emotional stimuli,
and/or did not partial out variance related to psychopathology. The latter is often associated
with P300 effects. The present large sample and diverse measures allowed these to be
unconfounded. It is also possible that aggression in an undergraduate sample is qualitatively
or quantitatively different from aggression linked with violent offending and psychopathology
requiring hospitalization and that aggression can motivate approach behavior (as indexed by
increased attentional resources) to override distraction by negative information in higher-
functioning individuals. It would be informative to examine anger-out styles in non-
incarcerated individuals who have high levels of trait anger to see whether frequent anger
experience (or higher severity) reduces P300 amplitude in response to negatively valenced, or
more specifically anger-relevant, stimuli.

The fact that anger-out was linked to enhanced N400 to negative stimuli suggests a specific
cognitive deficit in such individuals. Perhaps negative information is not primed or readily
available for access as may be the case for an anger-in style, thus requiring more resources to
process.

Replication of Emotion-Word Stroop ERP Results

Midline ERP results were generally in line with relevant literature. Consistent with traditional
work on attentional load (e.g., Hillyard et al., 1973) and studies using the emotion-word Stroop
task (e.g., Thomas et al., 2007), early ERP components (N100 and P200 at midline electrode
sites) in the present paradigm with low perceptual load showed no sensitivity to stimulus
valence. With respect to elaborative stimulus processing in the entire sample, N200 amplitude
was larger for neutral words than for positive or negative words, results somewhat consistent
with Perez-Edgar and Fox (2003), who found smaller N200 amplitude for negative but not
positive words. Thomas et al. (2007) found no N200 difference between neutral and threat
words, but their N200 window was much wider than that used in the present study (260-500
ms versus 240-360 ms), potentially encompassing multiple components, and their sample was
much smaller (22 versus 102 participants), perhaps limiting the power to detect such effects.
The present study also found that P300 enhancement for negative than neutral stimuli,
indicating enhanced salience of threat, replicates research examining attentional processing of
emotional stimuli (e.g., Franken et al., 2009; Thomas et al., 2007). Furthermore, N400
amplitude was larger for neutral than negative words, consistent with work indicating
facilitated processing of emotional words (e.g., Kanske & Kotz, 2007; Schirmer et al., 2002).

It is worth noting that what has been called an N450 component peaking at approximately 400—
500 ms with a frontocentral distribution has been reported in color-word Stroop studies, with
greater negativity in incongruent than in neutral and/or congruent trials (e.g., Curtin &
Fairchild, 2003; Liotti et al., 2000; Rebai et al., 1997; West & Alain, 1999). This component
is presumably associated with conflict detection or selection of competing responses, with
N450 amplitude perhaps reflecting the amount of cognitive resources devoted to cognitive
control. Given the pattern of effects in the present study, it seems likely that emotional words
were easier to process than neutral words, consistent with other studies involving emotional
word stimuli (Kanske & Kotz, 2007). Future research could readily address the issue of whether
negativity occurring around 400-500 ms is associated with greater control of attention or
facilitated processing of emotion by manipulating task demands that require different levels
of attentional control in the context of emotional words.
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Relationship Between Anger Styles and Indices of Negative Affect

Types of negative affect that have previously been associated with anger styles such as trait
anger, anxiety, and depression (e.g., Deffenbacher et al., 1996; Spielberger, 1999) were
included in the present study to examine whether variance shared between these constructs
accounted for relationships between anger styles and ERP amplitude. Correlations between
anger styles and negative affect indicated that anger-in and anger-out were positively correlated
with trait anger, replicating previous work (e.g., Spielberger et al., 1999). In addition, the
present study replicated recent findings demonstrating that anger-in, not anger-out, is
associated with specific types of anxiety and depression, namely anxious apprehension and
anhedonic depression (Stewart et al., 2008), results that in conjunction with the present ERP
findings support the conceptual distinction between anger-in and anger-out.

Limitations of the Present Study

Summary

The paid undergraduate sample in the present study was carefully selected on the basis of
depression and anxiety and may not be representative of the greater population. Research
employing community samples (either unselected samples, or individuals selected to be high
or low on measures of anger-in and anger-out) would assist in addressing electrophysiological
differences between anger styles. In addition, examining attentional bias in anger-in and anger-
out styles would benefit from a task that elicits angry emotion, which might be more applicable
to real-world situations wherein anger regulation (aggression or anger suppression) is
warranted.

The present study demonstrated that individuals with an anger-out style display an attentional
bias toward negative stimuli, particularly during later elaborative processing, which can be
overcome with the recruitment of additional resources. These results imply that, within a
therapy context, relatively high-functioning individuals with an anger-out style might be
successfully directed away from anger-inducing stimuli that might otherwise consume their
attention and lead to overt aggressive behavior. Subsequently, these clients may be able to
pause and examine the benefits and drawbacks of overtly expressing their anger in an
aggressive way and then focus on alternative strategies to control aggressive impulses. It would
be of interest for future research to examine whether psychophysiological measures such as
N200, P300, and N400 amplitude predict therapy outcome in aggressive individuals with and
without additional psychopathology.
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Scatterplots of STAXI-2 Anger Expression-Out scores predicting N200 difference score at
FCz for the negative minus positive comparison (upper panel), P300 at Pz for the negative
minus neutral comparison (middle panel), and P300 at Pz for the negative minus positive

comparison (lower panel).
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Expression-In scores (right panel) predicting N40O0 for the negative minus neutral comparison.

LF = left frontal region. LFC = left frontocentral region.
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STAXI-2 Anger-Out Entered in the First Step Predicting ERP Amplitude

Dependent Variable | Rzl B | p

N100 Amplitude, Negative Minus Neutral

FCz

| 05 | —21 | 036

N200 Amplitude, Negative Minus Positive

FCz

13 | —.36 | <.001

Left Frontocentral

.08 | —.28 .006

Left Central

041 -21 041

Right Frontocentral

07 | =27 .008

Right Central

.05 | —.22 .034

P300 Amplitude, Negative Minus Neutral

CPz

05| .21 .039

Pz

.08 27 .007

Right Centroparietal

.05 | .22 .032

Right Parietal

.06 | .25 015

P300 Amplitude, Negative Minus Positive

Pz

|.o4| 21 | 043

N400 Amplitude, Negative Minus Neutral

Fz

.06 | —.25 .017

Left Frontal

.06 | —.25 .015

Right Frontal

.09 | —.29 .004

Note. STAXI-2 = State Trait Anger Expression Inventory 2.
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