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Physical aggression, defined as behavior directed 
toward another person that results in physical harm or 
has the potential to cause physical harm, represents a 
transdiagnostic marker of social dysfunction. Engaging 
in physical aggression is associated with an elevated 
likelihood of mood, anxiety, personality, and substance 
use disorders (Okuda et al., 2015). Moreover, physical 
aggression is a hallmark symptom of several psychiatric 
diagnoses (e.g., antisocial personality disorder, border-
line personality disorder, intermittent explosive disorder; 
American Psychiatric Association, 2013) and represents 
a primary feature of the externalizing spectrum of psy-
chopathology (Krueger, Markon, Patrick, Benning, & 
Kramer, 2007). Elevated engagement in physical aggres-
sion has devastating intrapersonal and interpersonal 
consequences, including increasing the risk for criminal 
justice system involvement, damaging relationships, and 
promoting social rejection and isolation (Bierman & 
Wargo, 1995; Huesmann, Dubow, & Boxer, 2009; Poulin 
& Boivin, 1999).

Decades of research findings suggest that physical 
aggression is rooted in pervasive aberrations in social 
decision-making (Crick & Dodge, 1994). Social decision-
making can be conceptualized as proceeding through 
different stages. First, at the formation stage, evidence 
is accumulated to inform an initial decision about a 
stimulus (e.g., whether someone poses a potential 
threat; Ratcliff & McKoon, 2008). Next, at the mainte-
nance stage, which begins after an initial decision has 
been made, evidence about the stimulus continues to 
be accumulated. Depending on the incoming evidence, 
the initial decision may gain or lose strength, or it may 
be revised (Pleskac & Busemeyer, 2010). There is strong 
evidence that physical aggression is associated with 
aberrations in social decision-making that span these 
two stages.
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Abstract
Physically aggressive individuals are more likely to decide that others are threatening. Yet no research has examined 
how physically aggressive individuals’ social decisions unfold in real time. Seventy-five incarcerated men completed a 
task in which they identified the emotions in faces displaying anger (i.e., threat) and happiness (i.e., nonthreat) at low, 
moderate, or high ambiguity. Participants then rated their confidence in their decisions either immediately or after a 
delay, and changes in confidence provided an index of postdecisional processing. Physical aggression was associated 
with stronger differentiation of threatening and nonthreatening faces under moderate ambiguity. Moreover, physical 
aggression was associated with steeper decreases in confidence over time following decisions that threatening faces 
were nonthreatening, indicating more extensive postdecisional processing. This pattern of postdecisional processing 
mediated the association between physical aggression and angry rumination. Findings suggest a role for postdecisional 
processing in the maintenance of threat-based social decisions in physical aggression.
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At the formation stage, physically aggressive individu-
als are more likely to interpret social stimuli as threaten-
ing. They are more likely to identify ambiguous faces as 
angry (Brennan & Baskin-Sommers, 2020; Mellentin, 
Dervisevic, Stenager, Pilegaard, & Kirk, 2015; Schönenberg 
& Jusyte, 2014; Wilkowski & Robinson, 2012). In addi-
tion, they are more likely to interpret others’ ambiguous 
actions as being carried out with hostile intent (De 
Castro, Veerman, Koops, Bosch, & Monshouwer, 2002; 
Dodge, 1980). Moreover, a careful examination of the 
research on the formation of social decisions in physical 
aggression highlights the role of ambiguity. The ten-
dency among physically aggressive individuals to decide 
that others are threatening is amplified under more ambig-
uous conditions (Brennan & Baskin-Sommers, 2020; 
Dodge, 1980; Schönenberg & Jusyte, 2014; Wilkowski & 
Robinson, 2012; Zimmer-Gembeck & Nesdale, 2013). 
Taken together, the formation stage of social decision-
making in physical aggression is characterized by a 
greater likelihood of deciding that others are threaten-
ing, particularly under greater ambiguity.

In contrast with the sizable body of research on the 
formation stage of social decision-making in physical 
aggression, very few studies have focused on the main-
tenance of social decisions in physical aggression. 
According to the existing evidence, it appears that once 
physically aggressive individuals form decisions that 
others are threatening, these decisions are more likely 
to persist over time. When deciding about others’ traits, 
more physically aggressive individuals are more certain 
about their decisions that others are hostile, which sug-
gests that these decisions are less flexible and are more 
likely to endure (Brennan & Baskin-Sommers, 2019). 
Moreover, physical aggression is robustly linked to 
angry rumination, a pattern of repetitive and uninten-
tional thinking that persists after an anger-provoking 
experience (Anestis, Anestis, Selby, & Joiner, 2009; 
Bushman, 2002; Denson, 2013; Peled & Moretti, 2007; 
Sukhodolsky, Golub, & Cromwell, 2001; Wilkowski & 
Robinson, 2008). The content of angry rumination typi-
cally involves replaying the transgression, thinking 
about why it happened, and imagining revenge against 
the supposedly hostile transgressor (Sukhodolsky et al., 
2001). Overall, physical aggression appears to be char-
acterized by a lower likelihood of disengaging from 
decisions that others are threatening at the maintenance 
stage of social decision-making.

Although research suggests that physically aggressive 
individuals show aberrations at the maintenance stage 
of social decision-making, previous research has relied 
on self-report measures assessing the extent to which 
people engage in angry rumination in general. No 
research has examined directly how aggressive individu-
als’ social decisions unfold in real time. The absence of 

research on this topic represents a major knowledge 
gap that may be hindering the improvement of clinical 
interventions. Interventions that focus on social decision-
making in aggressive individuals generally aim to alter 
social decisions at the formation stage while neglecting 
the maintenance stage (e.g., AlMoghrabi, Huijding, & 
Franken, 2018; Penton-Voak et al., 2013). The focus of 
interventions on the formation stage of social decision-
making may constrain their effectiveness given that aber-
rations at both stages increase risk for aggression (Dodge, 
2006; McLaughlin, Aldao, Wisco, & Hilt, 2014). Important 
questions remain regarding the mechanisms through 
which physically aggressive individuals maintain social 
decisions over time.

Recent advances in the cognitive and decision sci-
ences provide appealing possibilities for addressing 
these questions. One influential theory of decision-
making (Pleskac & Busemeyer, 2010) suggests that 
when individuals make decisions, they engage in a 
process of evidence accumulation both before (i.e., 
predecisional processing) and after (i.e., postdecisional 
processing) the decision is made. This evidence accu-
mulation process informs both their initial decision as 
well as confidence in that decision (Pleskac & Busemeyer, 
2010). Crucially, the existence of this evidence accumu-
lation process implies that confidence levels continue 
to shift even after decisions are made, and these shifts 
in confidence may bring about reversals of the initial 
decision (Murphy, Robertson, Harty, & O’Connell, 2015; 
van den Berg et  al., 2016; Van Zandt & Maldonado-
Molina, 2004).

In a key demonstration of this theory, Yu, Pleskac, 
and Zeigenfuse (2015) developed a double interroga-
tion paradigm in which participants made perceptual 
decisions (e.g., whether the majority of dots in a cloud 
of moving dots were moving left or right). After the 
decision, participants rated their confidence in their 
decision either immediately (i.e., after a short interjudg-
ment time [IJT]) or following a delay (i.e., after a long 
IJT). Across three studies, participants showed decreases 
in confidence from the short IJT to the long IJT. These 
decreases in confidence were driven by decreases in 
confidence for incongruent decisions, or decisions that 
were at odds with the evidence in the stimuli (e.g., 
responding left when the majority of dots were moving 
right). When participants made congruent decisions, in 
contrast, confidence levels remained relatively stable 
over time. Thus, declines in confidence from one time 
point to another reflected ongoing evidence accumula-
tion that continued after the decision was made—that 
is, declines in confidence reflected postdecisional 
processing.

Postdecisional processing represents a mechanism 
that might help account for the aberrant maintenance 
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of social decisions in physical aggression. For example, 
more physically aggressive individuals might show 
more stable levels of confidence over time in decisions 
that others are threatening (e.g., identifying ambiguous 
faces as angry). Alternatively, they might show sharper 
decreases in confidence over time in social decisions 
that others are not threatening (e.g., identifying ambig-
uous faces as happy). Adopting an experimental 
approach to identifying whether physically aggressive 
individuals show aberrant patterns of postdecisional 
processing of threatening compared with nonthreaten-
ing social information could provide novel insights into 
how physically aggressive individuals maintain their 
beliefs that others are threatening.

Present Study and Hypotheses

To examine processes related to the formation and 
maintenance of social decisions in physical aggression, 
we developed a novel adaptation of the double inter-
rogation paradigm. Our adaptation replaced the non-
social stimuli from Yu and colleagues’ (2015) paradigm 
(e.g., dots, lines) with social stimuli. The social stimuli 
were ambiguous emotional faces that displayed varying 
degrees of anger and happiness corresponding to low, 
moderate, or high ambiguity. Within each face, one 
emotion, either anger or happiness, was the dominant 
emotion. We used a sample of incarcerated adult male 
offenders with varying levels of physical aggressive-
ness. Because physical aggression is more pronounced 
in men than in women and more than half of state 
inmates in the United States are currently serving sen-
tences for violent crimes (Bronson & Carson, 2019), 
incarcerated men represent an ideal population for 
studying physical aggression. Moreover, because the 
cognitive mechanisms influencing social-threat process-
ing in physically aggressive individuals are shaped 
through repeated adverse experiences (e.g., violent 
victimization) over the course of development, these 
mechanisms are likely to be more strongly present in 
a sample of adults than in younger samples. The pri-
mary dependent variables derived from the experimen-
tal task were (a) emotion decisions, operationalized as 
the proportion of trials within each condition on which 
participants identified faces as angry (our measure 
related to social-decision formation), and (b) confi-
dence in emotion decisions, operationalized as the 
average of all confidence ratings across trials within 
each condition. Changes in confidence over time (i.e., 
after the long IJT vs. the short IJT) served as an index 
of postdecisional processing of social information (our 
measure related to social-decision maintenance).

First, with regard to emotion decisions, we examined 
the association between physical aggression and anger 

identification and how this association varied as a func-
tion of facial characteristics (i.e., dominant emotion, 
ambiguity). We sought to provide a conceptual replica-
tion of previous work indicating that physical aggres-
sion was associated with greater sensitivity to subtle 
cues of social threat and more efficient processing of 
anger under heightened ambiguity (Brennan & Baskin-
Sommers, 2020; Teige-Mocigemba, Hölzenbein, & 
Klauer, 2016; Wilkowski & Robinson, 2012). To this end, 
we hypothesized that physical aggression would be 
associated with a higher rate of anger identification, 
but only under greater ambiguity (Hypothesis 1).

Second, with regard to confidence in emotion deci-
sions, we examined the association between physical 
aggression and confidence not only as a function of 
facial characteristics (i.e., dominant emotion, ambigu-
ity) and time (i.e., IJT) but also as a function of which 
emotion decision (i.e., angry or happy) participants 
made. We were particularly interested in examining 
change in confidence over time as an index of postde-
cisional processing because this construct is most 
directly relevant to social-decision maintenance in phys-
ical aggression. For confidence as a function of facial 
characteristics, we hypothesized that physical aggres-
sion would be associated with less modulation of con-
fidence as a function of ambiguity (Hypothesis 2) on 
the basis of previous research that suggested a failure 
of physically aggressive individuals to appropriately 
calibrate their confidence to match the level of ambigu-
ity in the decision-making context (Brennan & Baskin-
Sommers, 2019). For confidence as a function of emotion 
decisions, we hypothesized that physical aggression 
would be associated with heightened confidence in 
angry decisions (i.e., decisions that faces were angry; 
Hypothesis 3) on the basis of previous research that 
indicated heightened confidence in threat-based deci-
sions among more physically aggressive individuals 
(Brennan & Baskin-Sommers, 2019).

For confidence as a function of time, we envisioned 
two main possibilities given the absence of previous 
research on this topic in physical aggression. On the 
one hand, physical aggression could be associated with 
smaller decreases in confidence over time for angry 
decisions even if the decisions are incongruent with 
the evidence displayed in the face (i.e., dominant emo-
tion; Hypothesis 4a). This hypothesis is consistent with 
an inflexible style of postdecisional processing (i.e., 
confidence ratings change less over time, denoting 
reduced postdecisional evidence accumulation). On the 
other hand, physical aggression could be associated 
with larger decreases in confidence over time for happy 
decisions (Hypothesis 4b). This hypothesis is consistent 
with a pattern of more extensive postdecisional pro-
cessing (i.e., confidence ratings change more over time, 
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denoting heightened postdecisional evidence accumula-
tion). Essentially, both hypotheses represent different 
ways in which decisions that others are threatening (i.e., 
threat-based decisions) might be maintained over time.

Finally, we were interested in examining postdeci-
sional processing as a potential mechanism involved in 
the maintenance of threat-based social decisions. That 
is, because angry rumination is an example of aberrant 
maintenance of threat-based social decisions in physical 
aggression, we wanted to know whether postdecisional 
processing helps to account for the link between physi-
cal aggression and angry rumination. We hypothesized 
that postdecisional processing on the task would medi-
ate the association between physical aggression and 
angry rumination (Hypothesis 5).

Method

Participants

Participants were 78 men from a high-security correc-
tional institution in Connecticut who ranged in age from 
20 to 59 years (M = 33.58, SD = 8.76).1 In terms of race, 
65.4% of participants identified as Black, 32.1% identi-
fied as White, 1.3% identified as Asian, and 1.3% identi-
fied as multiracial. In terms of ethnicity, 16.7% of 
participants identified as Hispanic. In terms of educa-
tional attainment, 10.3% of the sample completed mid-
dle school or below, 47.4% completed some high 
school, 38.5% completed high school, and 3.8% com-
pleted some college. Almost all participants (97.4%) 
had been charged with a violent crime in their lifetime, 
and almost half (47.4%) had been charged with a vio-
lent institutional infraction while incarcerated (i.e., vio-
lations against persons, including fighting and assault 
on correctional staff). We used a prescreen of institu-
tional files to exclude individuals who had documenta-
tion of a history of psychosis or bipolar disorder, 
current psychotropic medication, a family history of 
psychosis, certain medical problems that could impede 
comprehension of or performance on the task (e.g., 
uncorrectable auditory or visual deficits, three or more 
serious head injuries), IQ below 70, or reading level 
below fourth grade. These exclusion criteria were used 
primarily to reduce the influence of extraneous factors 
on task performance.

An a priori power analysis based on published stud-
ies on related topics (i.e., individual differences in 
facial-emotion identification and confidence in these 
decisions; Thome et al., 2016; Wilkowski & Robinson, 
2012) indicated that a sample size of approximately 75 
participants would be sufficient to detect small to 
medium effects with 80% power. To ensure sufficient 
power to account for the normative loss of data because 

of invalid task performance, we collected data from 78 
participants.

Measures

Buss-Perry Aggression Questionnaire. The Buss-Perry  
Aggression Questionnaire (AQ; Buss & Perry, 1992) is a 
29-item self-report measure of aggression. Participants 
rate each item on a 5-point Likert scale (1 = extremely 
uncharacteristic of me, 5 = extremely characteristic of 
me). The four widely used subscales of the question-
naire, established through factor analysis, are Physical 
Aggression (nine items), Verbal Aggression (five items), 
Anger (seven items), and Hostility (eight items). The AQ 
is a reliable, valid, and widely used measure of aggres-
sion (Harris, 1997; Tremblay & Ewart, 2005), with evi-
dence for adequate reliability and validity in incarcerated 
samples (Archer & Haigh, 1997; Ireland & Archer, 2004). 
On the basis of previous research that demonstrated 
specificity of effects to physical aggression (e.g., Brennan 
& Baskin-Sommers, 2019, 2020; Wilkowski & Robinson, 
2012), the hypotheses in the present study centered on 
physical aggression. Scores for the Physical Aggression 
subscale can range from 5 to 45; higher scores indicated 
individuals’ greater endorsement that certain physically 
aggressive behaviors were characteristic of themselves. 
Unlike other aggression measures, which directly mea-
sure the frequency of aggressive behavior by prompting 
the individual to provide a count of aggressive behaviors 
within a specified time frame, the Physical Aggression sub-
scale reflects an individual’s self-characterization. The 
mean Physical Aggression score in the present sample 
(M = 25.19; see Table 1) was only slightly higher than 
that reported for male college students in Buss and 
Perry’s (1992) original AQ validation study (M = 24.3). 
However, the mean Physical Aggression score in the 
present sample was comparable with mean scores 
reported in other studies that used samples of incarcer-
ated male offenders (e.g., M = 25.73, Archer & Haigh, 
1997; Sample 1: M = 24.1, Sample 2: M = 24.4, Ireland & 
Archer, 2004), and we observed a wider range of scores 
than studies that used college/community samples (e.g., 
Burt, Mikolajewski, & Larson, 2009). Internal consistency 
for the Physical Aggression subscale in the present sam-
ple (Cronbach’s α = .82) was good.

Anger Rumination Scale. The Anger Rumination Scale 
(ARS; Sukhodolsky et al., 2001) is a 19-item self-report 
measure of angry rumination. Participants rate each item 
on a 4-point Likert scale (1 = almost never, 4 = almost 
always). Total scores can range from 19 to 76; higher 
scores reflect higher levels of angry rumination. Internal 
consistency for the ARS in the present sample (Cron-
bach’s α = .92) was excellent.
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Facial-emotion postdecisional-processing task. Par-
ticipants completed a novel adaptation of the double 
interrogation paradigm developed by Yu and colleagues 
(2015). The task was a two-alternative, forced-choice task 
in which participants decided which of two emotions 
was displayed in a series of ambiguous emotional faces 
and then rated their confidence in their emotion deci-
sions after one of two IJTs.

Stimuli. Stimuli consisted of emotional face images  
generated using the software package FaceGen Modeller 
Core (Version 3.18; Singular Inversions, Vancouver, Canada). 
This software uses a large database of scanned face 
images to generate avatars that appear realistic. Numerous 
studies on a range of topics, including physical aggres-
sion, have used these faces as stimuli and established 
that they are perceived similarly to images of posed facial 
expressions (Freeman & Ambady, 2009; Schulte-Rüther, 
Markowitsch, Fink, & Piefke, 2007; Todorov, Baron, & 
Oosterhof, 2008; Wilkowski & Robinson, 2012). Images 
of 40 unique male avatars of two racial backgrounds 
(Black and White) were used as stimuli. The racial com-
position of the face stimuli (i.e., 60% Black, 40% White) 
roughly mirrored that found in our sample. All partici-
pants viewed the same set of stimuli.

The intensity of various emotional expressions can 
be manipulated using the FaceGen Modeller software, 
allowing for the creation of faces displaying emotions 
from 0% intensity (i.e., fully ambiguous) to 100% inten-
sity (i.e., nonambiguous). We manipulated the intensity 
of both anger and happiness simultaneously to generate 
faces displaying varying degrees of these two emotions. 
We chose anger and happiness because we wanted to 
examine the processing of social threat (i.e., anger) and 
nonthreat (i.e., happiness) in a manner most consistent 
with previous studies that investigated individual dif-
ferences in social-threat perception (Maoz et al., 2016; 
Penton-Voak et al., 2013; Schönenberg & Jusyte, 2014; 
Thome et  al., 2016; Wilkowski & Robinson, 2012). 
Through this process, stimuli representing three differ-
ent ambiguity levels were created: 75% one emo-
tion/25% other emotion (low ambiguity), 65% one 
emotion/35% other emotion (moderate ambiguity), and 
55% one emotion/45% other emotion (high ambiguity). 
Within each ambiguity level, either anger or happiness 
served as the dominant emotion. Thus, within mostly 
angry faces, higher ambiguity corresponded to lower 
levels of anger and higher levels of happiness, and 
within mostly happy faces, higher ambiguity corre-
sponded to lower levels of happiness and higher levels 
of anger. In total, six image types per avatar were cre-
ated (three ambiguity levels for each of two dominant 
emotion types; see Fig. 1a). The process of generating 
six different image types for each avatar resulted in 240 
unique images.

Task procedure. Participants were seated in front of 
a 27-in. high-performance LED gaming monitor (BenQ 
America, Costa Mesa, CA). Participants were told they 
would be playing a game that would involve making deci-
sions about faces. Before starting, participants completed 
a three-part practice in which they practiced identifying 
the emotion displayed in a series of faces (10 trials), prac-
ticed using a rating bar (10 trials), and practiced playing 
the actual task (10 trials, with the possibility of an addi-
tional 10 trials of practice depending on performance; 
more details below). In the first and second parts of the 
practice, participants received accuracy feedback. In the 
third part of the practice, participants received timing 
feedback (i.e., about whether they made their response 
within the 1,500-ms limit). If participants did not respond 
quickly enough on at least 80% of responses in the third 
part of the practice, they completed an additional set of 
10 practice trials to reinforce quick responding because 
timing is crucial for one of the key manipulations of the 
task (i.e., varying IJTs).

During the task, participants made two responses for 
each face they saw: First, they identified the emotion 
displayed in each face as quickly and accurately as 
possible (emotion-decision phase); second, they rated 
how confident they were about their emotion decision—
for example, if participants identified a face as angry 
on a given trial, they would then rate how confident 
they were that the face was angry (confidence-rating 
phase). Participants identified the emotion displayed in 
the faces by moving the mouse left and right and then 
clicking to lock in their response. When participants 
moved the mouse to the left, the left response option 
(e.g., angry) was outlined in green. Conversely, when 
participants moved the mouse to the right, the right 
response option (e.g., happy) was outlined in green. 
When the response option of their choice was outlined 
in green, participants clicked to lock in that option as 
their response (see Fig. 1b). The emotion options (i.e., 
angry and happy) appeared on a predetermined, pseu-
dorandomly ordered side of the screen on each trial; 
on half of the trials, “angry” appeared on the left side, 
and on half of the trials, “happy” appeared on the left 
side. After making their emotion decision, participants 
saw a blank screen for the duration of the IJT (either 
50 or 1,500 ms; the selection of these IJTs followed the 
methodology of Yu et al., 2015). Finally, participants 
rated their confidence in their emotion decision using 
a rating bar, which ranged from 0% (not at all confi-
dent) to 100% (extremely confident), marked at intervals 
of 10%. Participants moved the mouse left and right to 
move a marker along the rating bar, then clicked to 
lock in their confidence rating at the location of the 
marker.

If participants took more than 1,500 ms to respond 
during either the emotion-decision phase or the 
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Fig. 1. (continued on next page)
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confidence-rating phase, the words “too slow” appeared 
on the screen. Participants also were instructed that 
they would earn points for responding accurately and 
with sufficient speed. This procedure was designed to 
motivate participants to respond quickly given the 
importance of timing in this paradigm.

Stimulus presentation and response collection were 
controlled using the Psychtoolbox–3 extension (Brainard, 
1997; Kleiner et al., 2007; Pelli, 1997) in MATLAB 2017b 
(The MathWorks, Natick, MA). Ordering of trials was 
pseudorandomized such that stimuli appeared in a ran-
dom order, but the same avatar did not appear two 
trials in a row. First, each trial began with a fixation 
cross (500 ms), after which a face was displayed on the 
screen. After the face was on the screen for 800 ms, a 
tone sounded, and the response options appeared on 
the screen, prompting the participant to select one of 
the response options using the mouse. After partici-
pants identified the emotion in the face, there was an 
IJT of either 50 ms or 1,500 ms, after which a second 
tone sounded and the confidence-rating bar appeared 
on the screen, prompting participants to rate their con-
fidence in their emotion decision (see Fig. 1b). The 
intertrial interval varied randomly between 1,000 ms 
and 2,000 ms (average 1,500 ms). The task consisted of 
480 trials total, broken up into four separate blocks 
consisting of 120 trials each, allowing for short breaks 
in between each block. During the interblock breaks, 
participants were able to view the number of points 
they earned during the previous block (points were not 
visible to participants at any other time during the task).

General procedure

Before recruitment, study personnel received an insti-
tutional roster of inmates. Study personnel used this 
roster to review medical files for exclusion criteria (see 
Participants subsection above). This prescreening pro-
cess was sanctioned by a Health Insurance Portability 
and Accountability Act (HIPAA) waiver and was 
designed to minimize the burden on individuals and 
the facility (i.e., to avoid moving people to the research 
room who would ultimately be excluded). Then, indi-
viduals were selected randomly from the list of eligible 
inmates and invited to participate. Invited individuals 
were provided with information about study procedures 
and informed that any information collected during the 

study would remain confidential and would not affect 
their legal status in any way. They were informed that 
they could withdraw from the study at any time. All 
participants provided written informed consent. In 
keeping with the Connecticut Department of Correction 
regulations, participants did not receive financial com-
pensation. After providing consent, participants com-
pleted an initial session that involved a brief clinical 
overview, interview-based measures of personality traits 
and disorders particularly relevant to antisocial behav-
ior (e.g., psychopathy, substance use disorders), and a 
series of neuropsychological assessments. Participants 
who did not meet eligibility thresholds on any of these 
assessments (see Participants subsection above) were 
excluded from further participation. Participants who 
screened positive for a current mood or anxiety disor-
der during the brief clinical overview were also 
excluded because of the potential for severe mood and 
anxiety symptoms to interfere with task performance. 
Eligible participants returned for a second session in 
which they completed the task and then completed the 
AQ and ARS. Both in-person sessions took place in a 
private testing space within the prison. The study pro-
tocol was approved by the Yale University Human 
Investigation Committee and was carried out per the 
provisions of the World Medical Association Declaration 
of Helsinki.

Data processing and analysis

Data quality control. Participants were excluded from 
analyses if their task data were invalid. Data were consid-
ered invalid if at least one of the following a priori crite-
ria was met: (a) untimely responses (i.e., reaction times > 
1,500 ms) on more than 20% of emotion decisions or 
confidence ratings, (b) emotion-decision accuracy at or 
below chance (i.e., ≤ 50%), (c) insensitivity to experi-
mental manipulation of ambiguity (i.e., no differences in 
emotion decisions across levels of ambiguity), (d) no dif-
ference in observed IJT for the short IJT compared with 
the long IJT conditions, or (e) insufficient variability in 
confidence ratings across the entire task (i.e., limited to a 
range of 10% or less across all trials). Three participants 
were excluded from analyses because of these criteria 
(two for too many untimely responses and one for insuf-
ficient variability in confidence ratings). The final sample 
consisted of 75 participants (for sample characteristics 

Fig. 1. Sample task stimuli (a) and schematic representation of trial layout and timing in the facial-emotion postdecisional processing task (b). 
Stimuli displayed three different ambiguity levels (represented by the three columns). Within each ambiguity level, either anger (top row) or 
happiness (bottom row) was the dominant emotion. Each trial began with a fixation cross for 500 ms (b). Then a face image appeared, and 
after 800 ms, a tone sounded, cuing participants to provide an emotion decision for the face by using the mouse to select one of two response 
options (i.e., angry or happy). Then participants encountered an interjudgment time (IJT) of either 50 ms or 1,500 ms, during which a blank 
screen was displayed. Finally, after the IJT, a second tone sounded, cuing participants to rate their confidence in their emotion decision by 
moving the mouse to slide the green marker along the rating bar and clicking to lock in their rating.



Postdecisional Processing in Physical Aggression 9

and correlations among task variables, see Table 1). 
Excluded participants did not differ from included par-
ticipants in terms of physical aggression (p = .729).

Data analytic plan. Repeated measures general linear 
model (GLM) analysis was conducted to examine pat-
terns of emotion decisions and confidence, separately, as 
a function of task manipulations and physical aggression. 
First, to examine patterns of emotion decisions and to 
provide a test of Hypothesis 1, we conducted a 2 (domi-
nant emotion: anger, happiness) × 3 (ambiguity: low, 
moderate, high) repeated measures GLM, with AQ Phys-
ical Aggression (z-scored) as a continuous between-
subjects independent variable, age as a covariate,2 and 
the proportion of trials on which participants identified 
faces as angry (i.e., angry decisions) as a dependent vari-
able. Follow-up repeated interaction contrasts were used 
to yield the following comparisons: low ambiguity com-
pared with moderate ambiguity and moderate ambiguity 
compared with high ambiguity.

Second, to examine confidence as a function of facial 
characteristics and timing and to provide a test of Hypoth-
esis 2, we conducted a 2 (dominant emotion: anger, hap-
piness) × 3 (ambiguity: low, moderate, high) × 2 (IJT: 
short, long) repeated measures GLM, with AQ Physical 
Aggression (z-scored) as a continuous between-subjects 
independent variable and confidence as a dependent 
variable. Follow-up repeated interaction contrasts were 
used to yield the following comparisons: low ambiguity 
compared with moderate ambiguity and moderate 
ambiguity compared with high ambiguity.

Third, to examine confidence as a function of the 
variables listed in the preceding paragraph plus emo-
tion decisions (i.e., whether faces were identified as 
angry or happy) and to provide a test of Hypotheses 
3, 4a, and 4b, we initially planned to conduct a 2 (domi-
nant emotion: anger, happiness) × 3 (ambiguity: low, 
moderate, high) × 2 (emotion decision: angry, happy) × 
2 (IJT: short, long) repeated measures GLM, with AQ 
Physical Aggression (z-scored) as a continuous 
between-subjects independent variable and confidence 
as a dependent variable. However, we did not anticipate 
that a considerable number of participants would not 
exhibit variability in terms of emotion decisions within 
certain task conditions. More specifically, 25 out of 75 
participants (33.3%) showed no emotion-decision vari-
ability (e.g., identified faces as happy on all trials) 
within at least one condition. For example, the condi-
tion under which the greatest number of participants 
exhibited no response variability was the mostly happy, 
low ambiguity, short IJT condition, in which 14 partici-
pants made congruent decisions (i.e., identified the 
faces as happy) on all trials. Participants with no 
response variability within at least one condition had 

no confidence values for one type of emotion decision 
(i.e., either angry or happy) within those conditions, 
creating a problem of empty cells that prevented par-
ticipants with missing confidence values from being 
included in an analysis involving both emotion decision 
and all of the other independent variables.

Conducting the analysis without the participants who 
had empty cells was undesirable for two reasons: First, 
we would be excluding participants in a nonrandom 
fashion because participants with empty cells had supe-
rior task performance in at least one task condition; 
second, excluding such a large number of participants 
would significantly reduce our power to detect hypoth-
esized effects. Therefore, to examine confidence as a 
function of emotion decision, the alternative was to 
collapse across one of the other task conditions. We 
considered collapsing across IJT, dominant emotion, or 
ambiguity. Following the approach of avoiding empty 
cells so that we could analyze all participants’ data, we 
could not collapse across IJT because doing so would 
still result in participants with empty cells. Collapsing 
across dominant emotion would avoid empty cells; 
however, from a logical standpoint, it made little sense 
to collapse across dominant emotion because then we 
would lose all context for knowing whether emotion 
decisions (i.e., angry/happy) were congruent or incon-
gruent. A primary reason for examining confidence in 
angry decisions compared with happy decisions was 
to have the ability to characterize confidence in congru-
ent emotion decisions compared with incongruent emo-
tion decisions. On the basis of these considerations, we 
chose to collapse across ambiguity, which allowed us 
to analyze all participants’ data and examine confidence 
as a function of emotion decisions that were either 
congruent or incongruent with the dominant emotion 
displayed in the faces. Therefore, our revised model 
was a 2 (dominant emotion: anger, happiness) × 2 (IJT: 
short, long) × 2 (emotion decision: angry, happy) 
repeated measures GLM.

Finally, to examine potential mechanisms supporting 
the link between physical aggression and angry rumina-
tion and to provide a test of Hypothesis 5, a mediation 
analysis was conducted, with AQ Physical Aggression 
as the independent variable, ARS total score as the 
dependent variable, and postdecisional processing as 
the mediator. The analysis was performed using the 
PROCESS macro Model 4 (Hayes, 2018) for IBM SPSS 
(Version 22). We used a nonparametric resampling pro-
cedure (bootstrapping) with 10,000 samples to estimate 
the indirect effect.

Task validation. We relied in part on previous research 
to inform our manipulation checks, particularly the task 
effects demonstrated using the original double-interrogation 
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paradigm (Yu et al., 2015). With regard to emotion deci-
sions, we expected that angry decisions (i.e., the propor-
tion of trials on which participants identified faces as 
angry) would be higher for mostly angry faces compared 
with mostly happy faces (i.e., a main effect of dominant 
emotion on emotion decisions; Manipulation Check 1). 
Furthermore, we expected that angry decisions would 
decrease as ambiguity increased for mostly angry faces, 
tracking the decreasing level of anger in these faces; con-
versely, we expected that angry decisions would increase 
as ambiguity increased for mostly happy faces, tracking 
the increasing level of anger in these faces (i.e., a Domi-
nant Emotion × Ambiguity interaction in the analysis of 
emotion decisions; Manipulation Check 2).

With regard to confidence, we expected that confi-
dence would decrease as ambiguity increased (i.e., a 
main effect of ambiguity on confidence; Manipulation 
Check 3). Furthermore, we expected that confidence 
would be lower after the long IJT compared with the 
short IJT (i.e., a main effect of IJT on confidence; Manipu-
lation Check 4). We also expected that confidence would 
be lower for incongruent decisions compared with con-
gruent decisions (i.e., a Dominant Emotion × Emotion 
Decision interaction; Manipulation Check 5). Finally, we 
expected that confidence would be lower after the long 
IJT compared with the short IJT but that this effect would 
depend on dominant emotion as well as emotion deci-
sion. More specifically, we expected that confidence 
would be lower after the long IJT, but only when par-
ticipants made incongruent decisions—that is, identified 
mostly happy faces as angry or identified mostly angry 
faces as happy (i.e., a Dominant Emotion × IJT × Emotion 
Decision interaction; Manipulation Check 6).

Results

Emotion decisions

The repeated measures GLM involving emotion deci-
sions revealed both task effects and effects related to 
physical aggression. In terms of task effects, we detected 
a main effect of dominant emotion on emotion deci-
sions, F(1, 73) = 1,657.01, p < .001, ηp

2 = .96, 90% CI = 
[.94, .97],3 such that mostly angry faces were more likely 
to be identified as angry (M = 64.3%, 95% CI = [61.0%, 
67.6%]) compared with mostly happy faces (M = 16.0%, 
95% CI = [13.8%, 18.1%]). This main effect provides a 
key demonstration of task validity by indicating that 
participants were able to differentiate between the two 
types of faces and identify the dominant emotion (i.e., 
Manipulation Check 1 was successful).

We also detected a main effect of ambiguity on emo-
tion decisions, F(2, 146) = 79.20, p < .001, ηp

2 = .52, 90% 
CI = [.42, .59]. Examination of the repeated contrasts 

indicated that both the contrast between low ambiguity 
and moderate ambiguity, F(1, 73) = 82.11, p < .001, ηp

2 =  
.53, 90% CI = [.39, .62], and the contrast between 
 moderate ambiguity and high ambiguity, F(1, 73) = 47.14, 
p < .001, ηp

2 = .39, 90% CI = [.25, .50], were significant. 
Examination of the means indicated that as ambiguity 
increased, faces were less likely to be identified as angry 
(low ambiguity: M = 44.9%, 95% CI = [43.0%, 46.8%]; 
moderate ambiguity: M = 39.9%, 95% CI = [37.2%, 42.5%]; 
high ambiguity: M = 35.6%, 95% CI = [32.4%, 38.9%]). 
This finding that more ambiguous faces were more likely 
to be identified as happy may reflect the fact that hap-
piness is the most easily recognized facial emotion 
 (Sauter, 2010), and therefore happiness cues may have 
had a greater impact on participants’ emotion decisions 
when relative levels of anger and happiness were more 
equivalent (i.e., at higher levels of ambiguity).

Finally, we detected a Dominant Emotion × Ambigu-
ity interaction, F(2, 146) = 1,453.74, p < .001, ηp

2 = .95, 
90% CI = [.94, .96], qualifying the main effect of ambi-
guity reported above. More specifically, within mostly 
angry faces, faces were less likely to be identified as 
angry as ambiguity increased (low ambiguity: M = 
81.9%, 95% CI = [78.9%, 84.8%]; moderate ambiguity: 
M = 66.5%, 95% CI = [62.7%, 70.2%]; high ambiguity:  
M = 44.6%, 95% CI = [41.0%, 48.3%]). Within mostly 
happy faces, however, faces were more likely to be 
identified as angry as ambiguity increased (low ambigu-
ity: M = 8.0%, 95% CI = [6.4%, 9.6%]; moderate ambigu-
ity: M = 13.3%, 95% CI = [11.2%, 15.4%]; high 
ambiguity: M = 26.6%, 95% CI = [23.5%, 29.7%]). This 
interaction provides further evidence of task validity by 
indicating that participants’ ability to differentiate 
between mostly angry faces and mostly happy faces 
decreased as ambiguity increased (i.e., Manipulation 
Check 2 was successful).

In terms of effects related to physical aggression-, 
we detected a Dominant Emotion × Ambiguity × Physi-
cal Aggression interaction, F(2, 146) = 5.42, p = .007, 
ηp

2 = .07, 90% CI = [.01, .14]. Examination of the inter-
action contrasts indicated that the difference in the 
proportion of angry decisions for mostly angry faces 
compared with mostly happy faces varied as a function 
of ambiguity level and physical aggression. More spe-
cifically, the contrast between low ambiguity and mod-
erate ambiguity for the difference between mostly 
angry faces and mostly happy faces as a function of 
physical aggression was significant, F(1, 73) = 4.13, p =  
.046, ηp

2 = .05, 90% CI = [.001, .15]. The contrast 
between moderate ambiguity and high ambiguity for 
the difference between mostly angry faces and mostly 
happy faces as a function of physical aggression was 
significant as well, F(1, 73) = 9.39, p = .003, ηp

2 = .11, 
90% CI = [.02, .23].
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To represent and interpret this interaction, we cal-
culated a difference score by subtracting the proportion 
of angry decisions for mostly happy faces from the 
proportion of angry decisions for mostly angry faces. 
Thus, higher scores represent better differentiation 
between mostly angry faces and mostly happy faces. 
We detected a significant effect of physical aggression 
on the difference score for moderate ambiguity, b = 
0.04, SE = 0.02, p = .009, ηp

2 = .09, 90% CI = [.01, .20], 
but not for low ambiguity, b = 0.02, SE = 0.02, p = 
.137, ηp

2 = .03, 90% CI = [.00, .12], or high ambiguity, 
b = 0.01, SE = 0.01, p = .551, ηp

2 = .01, 90% CI = [.00, 
.06] (see Fig. 2). Thus, largely consistent with Hypoth-
esis 1, higher levels of physical aggression were asso-
ciated with better differentiation between mostly 
angry faces and mostly happy faces under moderate 
ambiguity.

Confidence

Confidence as a function of facial characteristics 
and IJT. The analysis revealed both task effects and 
effects related to physical aggression. In terms of task 
effects, we detected a main effect of dominant emotion 
on confidence, F(1, 73) = 39.84, p < .001, ηp

2 = .35, 90% 
CI = [.21, .47], such that participants were more confident 
in their decisions about mostly happy faces (M = 79.7, 
95% CI = [76.9, 82.4]) compared with mostly angry faces 
(M = 75.9, 95% CI = [73.1, 78.7]). Furthermore, we 
detected a main effect of ambiguity on confidence, F(2, 

146) = 103.79, p < .001, ηp
2 = .59, 90% CI = [.50, .65]. 

Examination of the repeated contrasts indicated that both 
the contrast between low ambiguity and moderate ambi-
guity, F(1, 73) = 124.00, p < .001, ηp

2 = .63, 90% CI = [.51, 
.70], and the contrast between moderate ambiguity and 
high ambiguity, F(1, 73) = 43.65, p < .001, ηp

2 = .37, 90% 
CI = [.23, .49], were significant. Examination of the  
means indicated that as ambiguity increased, confidence 
decreased (low ambiguity: M = 80.7, 95% CI = [78.2, 83.2]; 
moderate ambiguity: M = 77.3, 95% CI = [74.5, 80.1]; high 
ambiguity: M = 75.3, 95% CI = [72.4, 78.2]). This main 
effect provides a key demonstration of task validity in 
general and the success of the ambiguity manipulation in 
particular because it indicates that participants showed 
the expected pattern of lower confidence under greater 
ambiguity (i.e., Manipulation Check 3 was successful). We 
also detected a main effect of IJT on confidence, F(1, 73) =  
54.71, p < .001, ηp

2 = .43, 90% CI = [.28, .54], such that 
participants were less confident in their decisions after the 
long IJT (M = 77.1, 95% CI = [74.4, 79.8]) compared with 
the short IJT (M = 78.5, 95% CI = [75.7, 81.2]). This finding 
is consistent with previous research that indicated that 
confidence tends to decrease over time (Yu et al., 2015) 
and provided evidence for task validity (i.e., Manipulation 
Check 4 was successful).

In addition, we detected several interactions. First, 
we detected a Dominant Emotion × Ambiguity interac-
tion, F(2, 146) = 20.79, p < .001, ηp

2 = .22, 90% CI = [.12, 
.31]. Second, we detected an Ambiguity × IJT interac-
tion, F(2, 146) = 5.86, p = .004, ηp

2 = .07, 90% CI = [.02, 

0.7

0.8

0.5

0.3

0.4

0.6

0.9

Di
ffe

re
nc

e 
Sc

or
e 

fo
r A

ng
ry

 D
ec

is
io

ns

0.2

−2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0 1.5 2.0 2.5

Physical Aggression

Low Ambiguity
Moderate Ambiguity
High Ambiguity

Fig. 2. The relationship between physical aggression (z-scored) and difference score for the proportion 
of angry decisions at low, moderate, and high ambiguity. Difference scores were calculated by subtract-
ing the proportion of angry decisions for mostly happy faces from the proportion of angry decisions for 
mostly angry faces and thus represent how well participants were able to differentiate mostly angry faces 
from mostly happy faces (higher difference scores represent better differentiation). Participants with higher 
levels of physical aggression were better at differentiating mostly angry faces from mostly happy faces, 
but only at moderate ambiguity. Error bands represent ±1 SE.
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.14]. Finally, we detected a Dominant Emotion × Ambi-
guity × IJT interaction, F(2, 146) = 3.61, p = .032, ηp

2 = 
.05, 90% CI = [.003, .11], which qualified the two-way 
interactions reported above. Examination of the repeated 
interaction contrasts indicated that the moderate-ambiguity 
difference in confidence compared with the high-
ambiguity difference in confidence from the short IJT 
to the long IJT varied as a function of dominant emo-
tion, F(1, 73) = 8.55, p = .005, ηp

2 = .11, 90% CI = [.02, 
.22], whereas the low-ambiguity difference in confi-
dence compared with the moderate-ambiguity differ-
ence in confidence from short IJT to long IJT did not, 
F(1, 73) = 0.23, p = .636, ηp

2 = .003, 90% CI = [.00, .05]. 
Examination of the means indicated that the decrease 
in confidence over time (i.e., from short IJT to long IJT) 
for high-ambiguity faces compared with moderate-
ambiguity faces was greater for mostly happy faces 
(moderate ambiguity, short IJT: M = 80.3, 95% CI = 
[77.4, 83.2]; moderate ambiguity, long IJT: M = 79.4, 
95% CI = [76.5, 82.3]; high ambiguity, short IJT: M = 
77.3, 95% CI = [74.5, 80.2]; high ambiguity, long IJT:  
M = 74.8, 95% CI = [71.8, 77.8]) compared with mostly 
angry faces (moderate ambiguity, short IJT: M = 75.8, 
95% CI = [72.8, 78.7]; moderate ambiguity, long IJT:  
M = 73.8, 95% CI = [70.9, 76.7]; high ambiguity, short 
IJT: M = 75.3, 95% CI = [72.3, 78.3]; high ambiguity, long 
IJT: M = 73.7, 95% CI = [70.7, 76.6]).

In terms of effects related to physical aggression, we 
detected a Dominant Emotion × IJT × Physical Aggres-
sion interaction, F(1, 73) = 8.68, p = .004, ηp

2 = .11, 90% 
CI = [.02, .22]. To decompose this interaction, we exam-
ined the IJT × Physical Aggression interaction within 
each of the two dominant emotions (mostly angry and 
mostly happy). Whereas the IJT × Physical Aggression 
interaction was significant for mostly angry faces, F(1, 
73) = 10.67, p = .002, ηp

2 = .13, 90% CI = [.03, .25], it 
was not significant for mostly happy faces, F(1, 73) = 
0.17, p = .680, ηp

2 = .002, 90% CI = [.00, .05] (see Fig. 
3). Thus, higher levels of physical aggression were asso-
ciated with steeper decreases in confidence over time 
for mostly angry faces but not mostly happy faces. This 
three-way interaction remained significant after control-
ling for overall task accuracy. Because we did not detect 
an Ambiguity × Physical Aggression interaction, we did 
not find support for Hypothesis 2.

Confidence as a function of facial characteristics, 
IJT, and emotion decisions. The analysis revealed 
both task effects and effects related to physical aggres-
sion. Task effects already reported above will not be 
repeated. The only additional effects were those involv-
ing emotion decisions.

In terms of task effects involving emotion decisions, 
we detected a main effect of emotion decision on 

confidence, F(1, 73) = 29.93, p < .001, ηp
2 = .29, 90%  

CI = [.15, .41], such that participants were more confident 
when they identified faces as happy (M = 76.6, 95%  
CI = [73.7, 79.5]) compared with when they identified 
faces as angry (M = 71.6, 95% CI = [68.7, 74.6]). This 
finding mirrors the main effect of dominant emotion on 
confidence reported above (i.e., that participants were 
more confident in their decisions about mostly happy 
faces compared with mostly angry faces). Furthermore, 
this finding is consistent with previous research indicating 
that people are more confident when they make benign 
compared with hostile judgments of others (Brennan & 
Baskin-Sommers, 2019; Rand, Ohtsuki, & Nowak, 2009; 
Siegel, Mathys, Rutledge, & Crockett, 2018).

We also detected a Dominant Emotion × Emotion 
Decision interaction, F(1, 73) = 228.02, p < .001, ηp

2 = 
.76, 90% CI = [.67, .81]. Examination of the means indi-
cated that participants were more confident when they 
identified mostly angry faces as angry (M = 77.2, 95% 
CI = [74.4, 80.0]) compared with happy (M = 71.6, 95% 
CI = [68.4, 74.8]); conversely, participants were more 
confident when they identified mostly happy faces as 
happy (M = 81.7, 95% CI = [79.0, 84.4]) compared with 
angry (M = 66.0, 95% CI = [62.6, 69.4]). This finding 
indicates that participants adjusted their confidence 
appropriately to the congruence, or lack thereof, 
between their decision and the dominant emotion dis-
played in the face (and thus provided valid confidence 
ratings; i.e., Manipulation Check 5 was successful).

Finally, we detected a Dominant Emotion × IJT × 
Emotion Decision interaction, F(1, 73) = 5.53, p = .021, 
ηp

2 = .07, 90% CI = [.01, .18]. Examination of the means 
indicated that the Dominant Emotion × Emotion Deci-
sion interaction reported in the preceding paragraph 
was qualified by IJT in the following way: Participants 
were more confident when they made decisions con-
gruent with the dominant emotion displayed in the face, 
particularly after the long IJT (compared with the short 
IJT). More specifically, the difference in confidence 
between the congruent decision (i.e., angry) and incon-
gruent decision (i.e., happy) for mostly angry faces was 
larger after the long IJT (angry decision: M = 76.5, 95% 
CI = [73.6, 79.3]; happy decision: M = 70.5, 95% CI = 
[67.3, 73.6]) compared with the short IJT (angry deci-
sion: M = 77.9, 95% CI = [75.2, 80.7]; happy decision: 
M = 72.7, 95% CI = [69.3, 76.0]), and the same pattern 
was seen for mostly happy faces (happy decision, long 
IJT: M = 81.3, 95% CI = [78.5, 84.0]; angry decision, long 
IJT: M = 64.6, 95% CI = [61.2, 68.1]; happy decision, 
short IJT: M = 82.1, 95% CI = [79.4, 84.8]; angry deci-
sion, short IJT: M = 67.4, 95% CI = [63.8, 71.0]). This 
finding shows that resolution (i.e., the difference in 
confidence for the congruent decision vs. the incongru-
ent decision) increased from the short IJT to the long 
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IJT and provides a key demonstration that the IJT 
manipulation was successful. In other words, consis-
tent with previous research (Yu et  al., 2015), when 
participants had more time to process their emotion 
decision and continue to accumulate evidence, they 
were better able to adjust their confidence according 
to whether the decision was congruent with the domi-
nant emotion in the face (i.e., Manipulation Check 6 
was successful).

In terms of effects related to physical aggression, we 
detected an IJT × Physical Aggression interaction, F(1, 
73) = 4.90, p = .030, ηp

2 = .06, 90% CI = [.003, .17]. This 
interaction was qualified by a Dominant Emotion × IJT × 
Emotion Decision × Physical Aggression interaction, 
F(1, 73) = 4.99, p = .029, ηp

2 = .06, 90% CI = [.004, .17]. 
We examined the IJT × Physical Aggression interaction 
within each of the conditions (dominant emotion angry, 
decision angry; dominant emotion angry, decision 

happy; dominant emotion happy, decision angry; domi-
nant emotion happy, decision happy). The IJT × Physi-
cal Aggression interaction was not significant for mostly 
angry faces, angry decision, F(1, 73) = 0.08, p = .779, 
ηp

2 = .001, 90% CI = [.00, .04]; mostly happy faces, angry 
decision, F(1, 73) = 1.16, p = .284, ηp

2 = .02, 90% CI = 
[.00, .09]; or mostly happy faces, happy decision, F(1, 
73) = 0.01, p = .906, ηp

2 = .00, 90% CI = [.00, .01]. However, 
the IJT × Physical Aggression interaction was significant 
for mostly angry faces, happy decision, F(1, 73) = 10.71, 
p = .002, ηp

2 = .13, 90% CI = [.03, .25], which suggests 
that this two-way interaction was driving the four-way 
interaction (see Fig. 4). This finding suggests that more 
physically aggressive individuals showed steeper 
decreases in confidence from the short IJT to the long 
IJT when they made incongruent decisions about 
mostly angry faces (i.e., when they misidentified mostly 
angry faces as happy).
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This pattern of findings is consistent with Hypothesis 
4b (i.e., that more physically aggressive individuals 
would show larger decreases in confidence over time 
for happy decisions), but we failed to find support for 
Hypothesis 4a (i.e., that more physically aggressive 
individuals would show smaller decreases in confi-
dence over time for angry decisions). This finding also 
lends nuance to the Dominant Emotion × IJT × Physical 
Aggression interaction detected in the previous model, 
which suggested that more physically aggressive indi-
viduals showed steeper decreases in confidence over 
time for mostly angry faces. The four-way interaction 
suggests that physical aggression was not related to 
steeper decreases in confidence over time for angry 
faces in general; rather, the effect was moderated by 
emotion decision such that steeper decreases in confi-
dence were found only when angry faces were mis-
identified as happy. Because we did not detect an 
Emotion Decision × Physical Aggression interaction, we 
did not find support for Hypothesis 3. All effects related 
to physical aggression reported within this subsection 
remained significant after controlling for overall task 
accuracy.

Supplemental analysis related to slow 
responding

Given that differences in rates of slow responding could 
lead to differences in emotion decisions or confidence 
ratings, we wanted to rule out slow responding as a 
potential confounding variable in the relationship 
between physical aggression and dependent variables 
derived from the task. Therefore, we needed to estab-
lish that physical aggression was not associated with 
rates of slow responding. Correlation analyses indicated 
that physical aggression was not significantly associated 
with slow responding (i.e., the number of trials with 
reaction times > 1,500 ms) for emotion decisions, r(73) =  
−.06, p = .604, or confidence ratings, r(73) = −.10, p = 
.405. For additional analyses examining the robustness 
of results, see Supplemental Results and Table S1 in the 
Supplemental Material available online.

Linking physical aggression to angry 
rumination via postdecisional processing

For the mediation analysis, we adopted a data-driven 
approach to derive the postdecisional-processing vari-
able. In the above analysis of confidence, we found 
that more physically aggressive individuals showed 
steeper decreases in confidence over time when they 
misidentified mostly angry faces as happy. We com-
puted a difference score to represent this significant 
two-way interaction by subtracting confidence in happy 

decisions for mostly angry faces after the long IJT from 
confidence in happy decisions for mostly angry faces 
after the short IJT. This difference score thus reflected 
the extent of postdecisional processing after incongru-
ent decisions about mostly angry faces.

In the mediation model,4 the association between 
physical aggression and the postdecisional-processing 
difference score (i.e., the a path) was significant, b = 
0.25, SE = 0.08, p = .002, 95% CI = [0.10, 0.41]. The 
association between the postdecisional-processing dif-
ference score and angry rumination (i.e., the b path) 
was also significant, b = 0.53, SE = 0.24, p = .028, 95% 
CI = [0.06, 1.01]. In addition, the association between 
physical aggression and angry rumination (i.e., the c 
path, or total effect) was significant, b = 0.80, SE = 0.16, 
p < .001, 95% CI = [0.48, 1.11]. Furthermore, after con-
trolling for the mediator (postdecisional-processing dif-
ference score), the association between physical 
aggression and angry rumination (i.e., the c′ path, or 
direct effect) remained significant, b = 0.66, SE = 0.17, 
p < .001, 95% CI = [0.33, 0.99]. Finally, the analysis 
indicated a significant indirect effect of physical aggres-
sion on angry rumination through postdecisional pro-
cessing of angry faces, b = 0.13, SE = 0.07, 95% CI = 
[0.03, 0.30]. Thus, consistent with Hypothesis 5, post-
decisional processing mediated the association between 
physical aggression and angry rumination.

To examine the specificity of the indirect effect via 
postdecisional processing in the context of incongruent 
decisions about mostly angry faces (the element of 
postdecisional processing we found was associated 
with aggression in earlier analyses; see Fig. 4), we used 
PROCESS Model 6 to test indirect effects via multiple 
mediators. In addition to postdecisional processing in 
the context of incongruent decisions about mostly 
angry faces, we entered difference scores representing 
the three other interaction contrasts (see Fig. 4) as 
potential mediators as well. None of the indirect 
effects for the other difference scores were significant, 
which suggests that postdecisional processing in the 
context of incongruent decisions about angry faces is 
not only uniquely associated with physical aggression 
but also the only element of postdecisional processing 
through which physical aggression is linked to angry 
rumination.

Discussion

Previous research suggests that physical aggression is 
associated with aberrations in both the formation and 
maintenance of threat-based social decisions. The 
results of the present study indicate that these aberra-
tions may stem, in part, from distinctive patterns of 
postdecisional processing. Because we used a novel 
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experimental task designed to assess postdecisional 
processing after facial emotion decisions, this study is 
the first empirical examination of how social decisions 
unfold in real time among physically aggressive indi-
viduals. It is worth highlighting that the validity of the 
task was established by a series of successful manipula-
tion checks. Results indicated that at the emotion- 
decision-formation stage, physical aggression was 
associated with better differentiation of mostly angry 
(i.e., threatening) and mostly happy (i.e., nonthreaten-
ing) faces, but only at moderate levels of ambiguity. 
Moreover, we found that physical aggression was asso-
ciated with steeper decreases in confidence over time 
when mostly angry (i.e., threatening) faces were identi-
fied as happy (i.e., nonthreatening). Finally, this pattern 
of postdecisional processing mediated the association 
between physical aggression and angry rumination.

The finding that physical aggression was associated 
with superior differentiation between threatening and 
nonthreatening faces under moderate ambiguity was 
consistent with our hypothesis about the formation of 
facial emotion decisions. However, two caveats should 
be noted.

First, we expected that more physically aggressive 
individuals would show a greater likelihood of identify-
ing faces as angry. However, we did not necessarily 
expect that they would show a combination of tenden-
cies toward both heightened anger identification and 
heightened happiness identification when these deci-
sions were warranted (i.e., heightened differentiation 
between mostly angry and mostly happy faces). Yet this 
finding is consistent with previous research that sug-
gested that aggressive individuals are more sensitive to 
subtle changes in the amount of anger displayed in 
faces and adjust their responses accordingly (Wilkowski 
& Robinson, 2012). Moreover, this finding adds to evi-
dence that physical aggression is associated with more 
adept, and not biased, anger processing (Brennan & 
Baskin-Sommers, 2020).

Second, although we expected to detect an associa-
tion between physical aggression and angry decisions 
under greater ambiguity, our effect was within the 
moderate-ambiguity condition but not the high-
ambiguity condition. Performance in the high-ambiguity 
condition (55%/45% blends of each emotion) was quite 
poor (see Table 1). Performance near chance levels 
under high ambiguity likely created substantial noise 
that made it difficult to detect an effect of physical 
aggression (Siegelman, Bogaerts, & Frost, 2017). Fur-
thermore, this pattern of results suggests that there may 
be boundary conditions to the association between 
physical aggression and the tendency to identify faces 
as angry as ambiguity increases. Although this associa-
tion may emerge after ambiguity levels exceed a certain 

threshold, this association may be evident only up to 
a point, after which stimuli become too ambiguous 
and the evidence for decision-making becomes too 
degraded.

Turning to our next set of hypotheses regarding the 
extent to which confidence was affected by ambiguity 
and the emotion decision made, we did not find evi-
dence that physical aggression was associated with less 
modulation of confidence as a function of ambiguity 
or heightened confidence in angry decisions. Both of 
these hypotheses were based on an earlier study by 
Brennan and Baskin-Sommers (2019), in which partici-
pants completed a social-decision-making task. In the 
task, participants gathered information about the nega-
tive and positive behaviors of a hypothetical person 
and then decided whether the person was “nasty” or 
“nice.” This task differed from the present task in sev-
eral important ways.

First, unlike the present study, the Brennan and 
Baskin-Sommers (2019) study did not directly manipu-
late ambiguity. Rather, it was inferred that more physi-
cally aggressive individuals made decisions under 
greater ambiguity because they gathered less informa-
tion to support their hostile decisions, suggesting a 
weaker evidence base. Despite this, however, physically 
aggressive individuals reported greater confidence in 
their hostile decisions compared with less physically 
aggressive individuals. Thus, the true impact of ambigu-
ity could not be quantified directly in the Brennan and 
Baskin-Sommers study.

Second, whereas the present study examined facial-
emotion identification, the Brennan and Baskin-
Sommers (2019) study examined trait judgments. 
Physically aggressive individuals may calibrate confi-
dence differently for these distinct types of social deci-
sions rather than display overconfidence across all 
decisions and situations. Finally, the stimuli in the 
 Brennan and Baskin-Sommers (2019) task consisted of 
negative and positive behaviors, in contrast with emo-
tional faces in the present task. The negative behaviors 
(e.g., “offended a man”) could be conceptualized as 
indirect provocations; however, facial cues of anger do 
not, on their own, constitute provocations (da Cunha-
Bang et  al., 2017; Lemerise, Gregory, & Fredstrom, 
2005; Lickley & Sebastian, 2018). Thus, the presence of 
provocation, even indirect, might contribute to height-
ened confidence in threat-based decisions among physi-
cally aggressive individuals (Bertsch, Böhnke, Kruk, & 
Naumann, 2009). Altogether, differences between stud-
ies in task design and stimuli may account for the 
inconsistencies observed.

In terms of postdecisional processing (i.e., change 
in confidence over time), physically aggressive indi-
viduals exhibited steeper decreases in confidence for 
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mostly angry faces. This finding indicated a pattern of 
more extensive postdecisional processing of threaten-
ing faces. Specifically, more physically aggressive indi-
viduals continued to accumulate evidence about 
threatening faces after they decided on the emotion 
displayed in these faces. The specificity of this interac-
tion to mostly angry faces suggests that the predomi-
nantly threatening information conveyed in mostly 
angry faces was more readily processed and stored in 
memory than the predominantly nonthreatening infor-
mation conveyed in mostly happy faces. This finding 
is consistent with previous studies suggesting that more 
physically aggressive individuals show preferential pro-
cessing of threat-related information in general (e.g., 
Smith & Waterman, 2003) and stronger memory for 
angry faces in particular (d’Acremont & Van der Linden, 
2007).

Furthermore, the finding that postdecisional process-
ing of mostly angry faces depended on emotion deci-
sion provides insight into the effectiveness of 
postdecisional processing in physical aggression. Post-
decisional processing can be considered effective to 
the extent that it steers decision-makers away from 
incongruent decisions and toward congruent decisions. 
In other words, more effective postdecisional process-
ing brings decisions more in line with the preponder-
ance of evidence available for decision-making, which, 
in the present study, was the dominant emotion dis-
played in the faces. Therefore, the fact that physically 
aggressive individuals only showed steeper decreases 
in confidence for incongruent, but not congruent, deci-
sions about mostly angry faces is consistent with more 
effective postdecisional processing of threatening faces. 
This finding aligns with and extends previous research 
that linked physical aggression to more efficient evi-
dence accumulation for anger during the formation of 
social decisions (Brennan & Baskin-Sommers, 2020). 
Across these studies, and consistent with predictions of 
decision-making theory (Pleskac & Busemeyer, 2010), 
physically aggressive individuals exhibit heightened 
evidence accumulation, which may support more effec-
tive processing of threatening social information at 
both the formation and maintenance stages of social 
decision-making.

Despite being more effective, the pattern of postde-
cisional processing observed in more physically aggres-
sive individuals could nevertheless make threat-based 
decisions more likely to emerge over time when real 
threats exist. Threat-based decisions could become 
more likely because as the decision-maker loses faith 
in the initial non-threat-based decision, the alternative 
threat-based decision becomes more plausible. As a 
result, the decision might be reversed from non-threat-
based to threat-based, and in turn, the decision-maker 

may become more likely to aggress to neutralize the 
newly recognized threat. This finding is consistent 
with observations that betrayal by someone consid-
ered to be a friend is a powerful trigger for aggression 
(Lawrence, 2006) and that violent retaliation is often 
delayed rather than immediate (Bushman & Anderson, 
2001). An enhanced ability to recognize threats that 
were not initially detected may be acquired through 
chronic exposure to threatening environments (Guerra, 
Huesmann, & Spindler, 2003; Weiss, Dodge, Bates, & 
Pettit, 1992) and is likely adaptive in environments that 
contain real threats.

Recognizing real social threats that were not initially 
detected may also relate to angry rumination. The ten-
dency to ruminate on social threats is robustly linked 
to physical aggression. The present results suggest that 
more effective postdecisional processing of social threat 
may play a role in the relationship between physical 
aggression and angry rumination. Specifically, more 
dramatic decreases in confidence over time for incon-
gruent decisions about threatening stimuli might 
increase the plausibility of threat-based decisions, in 
turn leading angry ruminative content (e.g., thinking 
about how someone wronged you) to feature more 
prominently in awareness. The idea that physically 
aggressive individuals’ threat-based decisions gain plau-
sibility over time under these circumstances suggests 
that physically aggressive individuals might have to 
deploy even more cognitive control than less aggressive 
individuals to disengage from these decisions. This 
interpretation is consistent with work suggesting that 
angry rumination in physically aggressive individuals 
is related to a failure of cognitive control to interrupt 
perseverative thinking (Denson, 2013; Wilkowski & 
Robinson, 2010). These insights into the mechanisms 
of angry rumination in physical aggression lend them-
selves to clinical implications.

Distraction is a clinical tool that effectively reduces 
aggressive behavior (Gallagher & Parrott, 2011; 
Giancola & Corman, 2007; Subramani, Parrott, Latzman, 
& Washburn, 2019). One possibility is that distraction 
may interrupt the postdecisional accumulation of evi-
dence that decreases confidence in decisions that oth-
ers are nonthreatening. However, the present findings 
suggest that distraction might be needed even when 
others are initially seen as nonthreatening, presenting 
an obstacle to effectively identifying when to use dis-
traction. Moreover, because physically aggressive indi-
viduals’ postdecisional processing may be adaptive in 
threatening environments, mindfulness-based interven-
tions targeted toward strengthening nonjudgmental 
awareness of (vs. eliminating) decisions that others are 
threatening could be beneficial (Wright, Day, & Howells, 
2009). Identifying individuals who would benefit most 
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from intervention is crucial as well. Because the mecha-
nisms identified in the present study are likely to be 
relatively entrenched by the time an individual reaches 
adulthood, intervening earlier in development (e.g., 
during adolescence; see Dickerson, Skeem, Montoya, 
& Quas, 2020) may be advantageous. Furthermore, 
negative emotionality appears important for contextual-
izing the association between physical aggression and 
postdecisional processing of social threat (see Table S1 
in the Supplemental Material), which suggests that 
interventions targeting negative emotionality might be 
useful.

Before concluding, limitations of the present study 
should be noted. First, because our sample was limited 
to male offenders, it is unclear whether the results 
would generalize to other populations, such as female 
offenders or nonincarcerated individuals. However, 
because male offenders perpetrate physical violence at 
high rates, understanding aggression in this population 
is particularly important. Future research should seek 
to replicate findings in other samples.

Second, we used emotional face stimuli that displayed 
only anger and happiness. As a result, we do not know 
whether the steeper decrease in confidence for incongru-
ent decisions about angry faces is specific to happy 
decisions or would apply more broadly to any incongru-
ent decisions about angry faces (e.g., if mostly angry 
faces were identified as sad, afraid, surprised). Our deci-
sion to use only anger and happiness was based on 
several important considerations, including the desire to 
compare processing of social threat (i.e., anger) with 
nonthreat (i.e., happiness) and maintain consistency with 
previous research. However, future research should test 
the generalizability of findings by using face stimuli dis-
playing a wider range of emotions.

Third, because we did not formally assess certain 
forms of psychopathology that have been linked to 
aberrant emotional processing (e.g., anxiety disorders, 
depression), we could not evaluate the impact of these 
factors on task performance.

Fourth, although confidence can be considered an 
indicator of metacognition (i.e., one’s awareness of 
one’s own cognitive processing), our analyses did not 
separate different components of metacognition (e.g., 
metacognitive sensitivity vs. bias). As a result, important 
questions remain regarding physically aggressive indi-
viduals’ metacognition in the context of social decision-
making, and applying a metacognitive framework in 
future research would likely be fruitful.

Finally, the presence of empty cells because of lack 
of response variability within some task conditions 
prevented us from testing our full statistical model. 
Future studies using this paradigm can avoid this limi-
tation by increasing trial numbers within conditions 
or removing the low-ambiguity condition to ensure 
response variability.

The present study shows how social decision-making 
unfolds in real time in physical aggression and contrib-
utes to mounting evidence that physically aggressive 
individuals exhibit more effective anger processing 
capabilities. Because the maintenance stage of social 
decision-making represents an important but neglected 
topic as it relates to physical aggression, this work 
contributes to building a framework for understanding 
how and why physically aggressive individuals persist 
in seeing others as threatening. Finally, the develop-
ment of a novel paradigm to examine postdecisional 
processing with social stimuli presents exciting possi-
bilities for future research into whether other behaviors 
and disorders marked by rumination and aberrant pro-
cessing of social threat (e.g., social anxiety disorder) 
are associated with distinct patterns of postdecisional 
processing as well.
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Notes
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study participated in the Brennan and Baskin-Sommers (2019) 
study. However, participants completed these separate stud-
ies at least several months apart, and participants in the pres-
ent study had not been exposed to the experimental stimuli 
previously.
2. Age was included as a covariate in this analysis (and all 
analyses to follow) because it was associated with task depen-
dent variables.
3. To protect against violations of the assumption of sphericity, 
we report Huynh-Feldt corrected p values for all GLM analyses.
4. One participant was not included in the mediation analysis 
because the experimental session was cut short before he could 
complete the ARS measure.
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