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How Does Cognitive Control Reduce Anger and Aggression?
The Role of Conflict Monitoring and Forgiveness Processes
Benjamin M. Wilkowski

Michael D. Robinson and Wendy Troop-Gordon

University of Wyoming

North Dakota State University
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It is well-established that superior cognitive control abilities are associated with lower levels of anger and
aggression. However, the precise emotion regulation operations underlying this relationship have been
underspecified and underexplored in previous research. Drawing on neuropsychological models of
cognitive control, the authors propose that limited capacity resources can be recruited within a hostile
situation to promote a process of forgiveness. The results of 2 studies supported this proposal. Across
studies, individual differences in hostility-primed cognitive control were assessed implicitly. In Study 1,
hostility-primed cognitive control predicted less aggressive behavior in response to a laboratory provocation. Moreover, forgiveness mediated these effects. In Study 2, hostility-primed cognitive control
predicted forgiveness of provocations in participants’ daily lives and subsequent reductions in anger. In
sum, the results contribute to a systematic understanding of how cognitive control leads to lower levels
of anger and aggression.
Keywords: anger, aggression, cognitive control, forgiveness, emotion regulation
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proven to be systematically related to lower dispositional levels of
anger and aggression (see Wilkowski & Robinson, 2008a, in press,
for recent reviews).
Despite such insights, it remains unclear how cognitive control
reduces anger and aggression. Recent theories (e.g., Gross &
Thompson, 2007) point to a wide variety of potentially relevant
operations, including distraction from hostile thoughts (Bushman,
2002), the reappraisal of provocations (Zillmann & Cantor, 1976),
forgiveness of provocations (McCullough, Fincham, & Tsang,
2003; Yovetich & Rusbult, 1994), and suppression of aggressive
impulses (DeWall, Baumeister, Stillman, & Gailliot, 2007). Drawing on conflict monitoring theory (Botvinick, Braver, Barch,
Carter, & Cohen, 2001), we propose that forgiveness plays a
critical role in the cognitive control of anger and aggression.

Psychologists have long been interested in how human beings
control their darker impulses. Freud (1920/1955) proposed the ego
and the superego as entities that regulate the aggressive death wish
of the id. Similarly, Lorenz (1966) contended that an inhibitory
mechanism lies within the human nervous system, containing our
natural instinct for aggression.
In modern times, psychologists have posited that a cognitive
control system (i.e., effortful control system; executive function
system) is involved in regulating anger and aggression (Eisenberg,
Smith, Sadovsky, & Spinrad, 2004; Posner & Rothbart, 2000).
This system is neurologically situated within the prefrontal cortex
and is conceptualized as a limited capacity resource used to override inappropriate thoughts, urges, and behaviors (Baumeister,
Heatherton, & Tice, 1994; Rueda, Posner, & Rothbart, 2004).
Some individuals demonstrate more efficient functioning of this
system than others, and a variety of self-report, informant-report,
and implicit cognitive measures have been developed to measure
these differences (e.g., Morgan & Lilienfeld, 2000; Rueda et al.,
2004). Across developmental (Kochanska, Murray, & Harlan,
2000), clinical/forensic (Morgan & Lilienfeld, 2000), and social/
personality investigations (Tangney, Baumeister, & Boone, 2004;
Wilkowski & Robinson, 2008b), superior cognitive control has

Conflict Monitoring Theory
Recall a time when you felt provoked by a close friend or loved
one. If you are like most people, you will probably report conflicting desires in this situation. Although the desire for revenge is
pervasive following such betrayals (McCullough et al., 2003;
Troop-Gordon & Asher, 2005), a single negative encounter seldom
eliminates our desire to continue a valued social relationship
entirely (de Waal, 2000; Fischer & Roseman, 2007). According to
conflict monitoring theory (Botvinick et al., 2001), this is precisely
the type of situation in which cognitive control is needed. Proponents of this theory argue that cognitive control resources are
recruited to resolve conflict between two simultaneously activated
but incompatible responses.
This theory has typically been investigated with simplified
interference tasks, such as the Stroop (1935) or flanker (Eriksen &
Eriksen, 1974) tasks. When response conflict is first introduced in
such tasks, participants’ responses are slowed considerably (Eriksen & Eriksen, 1974; Gratton, Coles, & Donchin, 1992). However,
response conflict is quickly registered within the anterior cingulate

Benjamin M. Wilkowski, Department of Psychology, University of
Wyoming; Michael D. Robinson and Wendy Troop-Gordon, Department
of Psychology, North Dakota State University.
This work was part of Benjamin M. Wilkowski’s doctoral dissertation,
funded by a predoctoral fellowship from the National Science Foundation’s
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program.
Correspondence concerning this article should be addressed to Benjamin
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cortex (Botvinick, Nystrom, Fissell, Carter, & Cohen, 1999), leading to the recruitment of cognitive control resources within the
dorsolateral prefrontal cortex (Botvinick et al., 2001). Once these
resources are recruited, participants are more capable of resolving
response conflict, as evidenced by reduced interference effects on
immediately subsequent trials (Botvinick et al., 1999; Gratton et
al., 1992).

one’s internal motivational orientation (McCullough et al., 2003;
Yovetich & Rusbult, 1994). Thus, it is quite successful in reducing
angry feelings (Witvliet et al., 2001), though it does require adequate time to achieve this goal (Fincham et al., 2006; Finkel,
Rusbult, Kumashiro, & Hannon, 2002). In the current investigation, we predicted that forgiveness, but not expressive suppression,
would be a critical mechanism linking cognitive control to lower
levels of anger and aggression.

Cognitive Control and Forgiveness
The Current Investigation

FS

We conducted two studies to test the potential roles of forgiveness and expressive suppression in the cognitive control of anger
and aggression. Across both studies, hostility-primed cognitive
control was assessed implicitly, with a paradigm developed in
prior research (Wilkowski & Robinson, 2008b). On each trial of
this task, a hostile or nonhostile thought was first primed. According to the proposed model, certain individuals should be more
likely to recruit cognitive control resources following the activation of a hostile thought, and the next component of the task was
designed to assess this. One trial of Eriksen and Eriksen’s (1974)
flanker task was administered following each prime word. Participants were presented with a series of five letters and asked to
indicate the identity of the central letter. On congruent trials, all of
the letters were identical (e.g., qqqqq). On incongruent trials,
however, the central letter differed from the surrounding flanker
letters (e.g., qqpqq). Because of the conflicting responses primed
on these trials, reaction times tend to be quite a bit slower on
incongruent trials, compared with congruent trials (Eriksen &
Eriksen, 1974).
If an individual does recruit cognitive control resources following hostile primes, they should become more efficient at overcoming response conflict. Such a phenomenon is specifically reflected
in a reduced flanker cost following hostile primes. This measure of
hostility-primed cognitive control is correlated with lower levels of
trait anger (Wilkowski & Robinson, 2008b), though the mechanisms for this relationship have yet to be established.
To investigate these mechanisms, we used hostility-primed cognitive control to predict participants’ responses to provocations as
they occurred in real time. In Study 1, we sought to investigate the
earliest phases of the forgiveness process under tightly controlled
laboratory conditions. A standardized provocation was administered, and participants’ response was measured. In Study 2, we
sought to examine the more extended aspects of the forgiveness
process as they occurred in participants’ daily lives. Participants
completed a daily diary protocol, reporting on provocations they
encountered and their ensuing response. We predicted that with
sufficient time, hostility-primed cognitive control would lead to
lower levels of aggression and anger. Furthermore, we predicted
that forgiveness, but not expressive suppression, would be the
critical emotion regulation operation leading to these effects.
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We propose that conflict monitoring theory (Botvinick et al.,
2001) suggests a means by which cognitive control resources can
be used to regulate anger and aggression. First, proponents of this
theory argue that cognitive control should be conceptualized not as
a static ability but instead as a resource that can be recruited on a
situation-specific basis. Accordingly, it may be more important to
focus on whether an individual recruits and uses these resources in
hostile situations than to focus on whether individuals exhibit such
abilities under baseline conditions.
Furthermore, this theory suggests that some individuals should
recruit cognitive control in hostile circumstances. Because of the
conflicting goals that arise from provocations (de Waal, 2000;
Troop-Gordon & Asher, 2005), some individuals should be more
likely to recruit cognitive control resources under these conditions.
Indeed, a recent investigation indicates that individuals low in
self-reported trait anger exhibit superior abilities to resolve response conflict following the activation of hostile thoughts
(Wilkowski & Robinson, 2008b).
Once a person has recruited cognitive control, they should be
more capable of inhibiting socially inappropriate goals toward
revenge (Botvinick et al., 2001; Wilkowski & Robinson, in press).
This suggestion is highly consonant with recent theorizing in the
forgiveness literature. Forgiveness has been conceptualized as a
process of motivational change (Fincham, Hall, & Beach, 2006;
McCullough et al., 2003; Yovetich & Rusbult, 1994). This change
is displayed in several fashions, including a decrease in avoidance
motivation and an increase in benevolent motivation. Most critical
to current concerns, however, is the idea that the motivation for
revenge and retaliatory aggression is actively decreased through
the forgiveness process. In this article, we specifically focus on the
revenge-reduction aspects of forgiveness.
Forgiveness is best conceptualized as a continuous process. It
begins with a decision to forgive one’s provocateur (Fincham et
al., 2006) and continues as one inhibits the desire for revenge
(Karremans & van Lange, 2004; McCullough et al., 2003). Cognitive control resources are seen as essential in this regard, allowing one to exert top-down control over goal activation (Finkel &
Campbell, 2001; Yovetich & Rusbult, 1994). Only when one has
set aside feelings of anger toward the offending party is the process
of forgiveness complete (Fincham et al., 2006; Witvliet, Ludwig,
& Laan, 2001).
In making the case that hostility-primed cognitive control facilitates forgiveness, we seek to differentiate forgiveness from the
seemingly similar process of expressive suppression (Gross &
Thompson, 2007). Expressive suppression involves containing the
external expression of anger but not ridding one’s self of the
internal desire for revenge. Research has shown that suppression
has only limited success in altering emotional experiences (Gross
& Thompson, 2007). Forgiveness, by contrast, involves altering

Study 1
In Study 1, individual differences in hostility-primed cognitive
control were assessed during an initial laboratory session, with the
primed flanker task described above. Approximately 1 week later,
participants returned to complete a well-validated laboratory aggression paradigm, namely Taylor’s (1967) competitive reaction
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mappings counterbalanced across participants (i.e., for some, 1 ⫽
aggressive; for others, 1 ⫽ housecleaning). Following the response, there was typically a 1,000 ms blank delay. Following
errors, however, participants were given a 1,500 ms error message
and were asked to recategorize the word correctly. Such procedures ensured that the relevant thought (hostile or nonhostile) had
been successfully activated prior to the assessment of cognitive
control.
Following each prime, participants completed one trial of the
flanker task (Eriksen & Eriksen, 1974). One of two congruent
strings (qqqqq, ppppp) or two incongruent letter strings (qqpqq,
ppqpp) was randomly selected and presented. This letter string was
vertically centered, but its horizontal position varied from trial to
trial, to avoid location-related habituation effects (Tipper, Borque,
Anderson, & Brehaut, 1989). Participants were asked to use the
button box to identify the central letter (1 ⫽ q; 5 ⫽ p). Following
the participants’ response, there was typically a 700 ms pause until
the next trial. However, a 1,500 ms error message followed all
errors. There were 120 trials in all. Participants were exposed to
each prime word exactly six times and each flanker letter string
exactly 30 times. Furthermore, each prime was followed by an
incongruent letter string exactly three times and by a congruent
letter string exactly three times.
Quantifying individual differences in hostility-primed cognitive control. Reaction time (RT) data were handled in accordance with established recommendations (Robinson, 2007). Trials
involving an incorrect response for the flanker stimulus were first
discarded (4.01% of all trials).1 RTs were next log-transformed to
correct for a skewed distribution. Finally, outlying RTs 2.5 standard deviations below or above the mean (1.91% of all trials) were
windsorized.
We next calculated flanker costs (i.e., incongruent RT minus
congruent RT) following both hostile and nonhostile primes. In
Study 1, the flanker cost tended to be reduced following hostile
primes (difference M ⫽ 158 ms) relative to nonhostile primes
(difference M ⫽ 167 ms), although this normative effect did not
reach significance ( p ⫽ .10). Regardless, individuals differed in
this respect, and such individual differences were the central focus
of this investigation.
We next examined the relationship between flanker costs across
the two prime contexts in a regression analysis. As anticipated,
they were positively related but not so highly related as to suggest
equivalence (␤ ⫽ .44, p ⫽ .0002). To quantify reductions in the
flanker cost specific to hostile primes, we used the obtained
regression equation to calculate residual scores (Cohen, Cohen,
West, & Aiken, 2003). Such residual scores were necessarily
uncorrelated with flanker costs following nonhostile primes but
were highly related to the raw flanker costs following hostile
primes (␤ ⫽ .85, p ⬍ .0001). Finally, residual scores were multiplied by ⫺1, such that higher scores reflected greater tendencies
toward hostility-primed cognitive control. It is worth mentioning
that flanker costs following nonhostile primes did not predict
any of the critical dependent measures in either study of this
investigation ( ps ⬎ .30). Also, there were no significant gender
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time task (see Bushman & Anderson, 1998, for a review of
validation-related research). In this task, participants are provoked
through the administration of loud white noise blasts supposedly
chosen by an opponent. They are then given the opportunity to
retaliate aggressively by administering loud noise blasts to their
opponent. State anger was assessed before and after this task, and
participants also reported on their use of expressive suppression
and forgiveness after the task.
At a global level, we predicted that hostility-primed cognitive
control would predict lower aggression (Hypothesis 1). Beyond
this, we sought to provide converging sources of evidence that
forgiveness was an essential mechanism leading to these effects.
We predicted that individuals high in hostility-primed cognitive
control would be especially likely to exhibit lower levels of aggression under conditions that encourage forgiveness. We thus
predicted that a delay following provocation (McCullough et al.,
2003) and the obtainment of recompense from the offending party
(see Witvliet et al., 2001) would strengthen the relationship between hostility-primed cognitive control and lower aggression
(Hypothesis 2).
Furthermore, we theorized that hostility-primed cognitive control would affect participants’ self-reported revenge motivation.
Because the inhibition of revenge motivation is a core aspect of the
forgiveness process (e.g., McCullough et al., 2003), participants
high in hostility-primed cognitive control should report lower
levels of revenge motivation (Hypothesis 3). We expected that this
pattern would be specific to forgiveness and that it would not
extend to expressive suppression. Finally, we expected that lower
levels of revenge motivation would mediate the relationship between hostility-primed cognitive control and aggressive behavior
(Hypothesis 4). If all such hypotheses were found, it would provide converging support for the idea that forgiveness is a key
process in cognitive control of aggression.
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Participants. Seventy undergraduate psychology students
from North Dakota State University participated in exchange for
course credit (40 female, 30 male; age M ⫽ 20 years; 60 Caucasians; 8 Asian/Pacific Islanders, 1 Hispanic; 1 Native American/
American Indian).
Apparatus. All participants completed laboratory sessions on
one of six computers equipped with headphones and a button box.
E-Prime software (Version 1.2) was used to collect all data.
Measuring individual differences in hostility-primed cognitive control.
Prime stimuli. Ten aggressive action words (stimuli ⫽ argue,
assault, demean, harm, harass, hurt, kick, punch, shove, torment)
were drawn from a thesaurus for use in this task. Nonhostile
control words came from an equally coherent and concrete semantic category related to housecleaning actions (stimuli ⫽ bathe,
brush, mop, neaten, polish, rinse, scrub, shower, sweep, vacuum).
These control stimuli were nonhostile in nature but were matched
in terms of part of speech (i.e., verbs), word length, and word
frequency ( ps ⬎ .70).
Task procedures. On individual trials of the task, one of the
20 prime stimuli was randomly selected and presented at center
screen. Participants were asked to categorize this word by pressing
either the 1 button or the 5 button of a button box, with response

1
Prime type never significantly influenced error rates on the flanker task
in either study in any fashion.
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(items ⫽ angry, hostile, irritated, disgusted, loathing, scornful).
Participants rated the intensity of each of these feelings with a 1
(not at all) to 5 (extremely) response format. The scale was reliable
both before (␣ ⫽ .81) and after (␣ ⫽ .75) the competitive RT task.
There was a normative increase in state anger from pretask (M ⫽
1.44) to posttask (M ⫽ 1.61), t() ⫽ 2.40, p ⫽ .02.
Anger regulation measures. Finally, participants’ use of expressive suppression and forgiveness were measured. As indicated
in the introduction, a core aspect of forgiveness involves reducing
revenge motivation over time (McCullough et al., 2003). As such,
we measured forgiveness through the tendency to continue to
desire revenge following the task. Specifically, participants were
asked, “If you had the opportunity to face your opponent in the
competitive RT task again, would you want to ‘get even’ with
them?” Expressive suppression was assessed with the question,
“Did you try to restrain yourself from choosing loud noise levels
to ‘get even’ with your opponent?” Responses were recorded along
a 1 (no, not at all) to 7 (definitely) scale.

Results
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differences2 in hostility-primed cognitive control in either study
( ps ⬎ .25).
Competitive RT task. Following the initial laboratory session, participants returned approximately 1 week later to complete
the competitive RT task (Taylor, 1967). In this task, participants
were told that they were competing against an opponent to respond
as quickly as possible to an auditory tone. As a way to motivate
them to respond more quickly, the winner of each trial was allowed
to choose the intensity of a white noise blast for the loser to
receive. In reality, there was no opponent. Instead, the computer
randomly determined the winner of each trial and the intensity of
the noise blast received following lost trials. The critical measure
of aggression was the average noise intensity that participants
selected for their opponent.
On each trial, participants first choose the level of noise that
their opponent would receive in the event they won. There were
nine levels of white noise, ranging at 5 dB intervals from 60 dB to
100 dB. There was also a nonaggressive, no noise option. Participant responses were coded in terms of a 0 (no noise) to 9 (100 dB)
scale. Ensuring the appearance of an actual human opponent, there
was 0 – 4 randomized waiting period, during which the participant
was told to wait for his or her opponent’s selection. To ensure the
appearance of a difficult RT task, participants were next told to
“Get ready to press the button” for a randomized period between
1 s and 2 s, in directions given prior to the presentation of the
auditory tone. In no way did these randomized waiting periods
constitute a substantive manipulation within the study. Participants
were instructed to press the space bar as quickly as possible upon
hearing the tone.
In support of the cover story, participants automatically lost if
they did not respond within 750 ms (5.6% of all trials). Otherwise,
the computer randomly awarded victory to the participant on 12
trials and to the opponent on the remaining 13 trials. This outcome,
as well as the intensity of the upcoming noise blast, was conveyed
to the participant via a 2.5 s message. In the case of a participant
victory, a 1 s message followed indicating that the opponent was
receiving the previously selected noise blast. In the case of a
participant defeat, the participant received the previously indicated
noise blast for 1 s. Participants received each of the following
noise blasts during the task: 65 dB, 65 dB, 70 dB, 75 dB, 75 dB,
80 dB, 85 dB, 85 dB, 90 dB, 95 dB, 95 dB, 100 dB, and 100 dB,
with the order of blasts randomly generated by the computer for
each participant. There were 25 trials in all.
Following the laboratory aggression task, participants completed a full funnel probe for suspicion (Bargh & Chartrand, 2000),
in which their beliefs concerning the existence of their opponent
were subtly probed without overtly revealing the deception. Prior
research with this task in multiple laboratories (e.g., Bartholow,
Anderson, Carnagey, & Benjamin, 2005; Meier, Robinson, &
Wilkowski, 2006) has typically yielded a suspicion rate of approximately 5%–10%. The current study yielded a comparable rate,
with 5 of 70 participants (7%) expressing some suspicion concerning whether their opponent was real. Data from these 5 participants
were deleted in the analyses reported below. It is, however, worth
noting that results remained essentially unchanged if suspicious
participants were left in the analysis.
State anger measures. Immediately before and after the task,
participants reported their current level of anger with the hostilityrelated markers from Watson and Clark’s (1994) PANAS-X

Average noise intensity selections. It was hypothesized that
individuals higher in hostility-primed cognitive control would be
less aggressive in their selection of loud noise blasts (Hypothesis
1). This proved to be the case, as hostility-primed cognitive control
was negatively correlated with participants’ average noise intensity selections (r ⫽ ⫺.25, p ⫽ .04).
Effect of forgiveness opportunity. To provide an initial
source of evidence that forgiveness is a key process responsible for
the above effects, we next tested the hypothesis that hostilityprimed cognitive control would most strongly predict aggression
under conditions that encourage forgiveness. It has been demonstrated that forgiveness increases as the time since provocation
increases (e.g., McCullough et al., 2003) and when some measure
of recompense has been obtained from the offending party (e.g.,
Witvliet et al., 2001). Within the current task, trials immediately
following a loss and the delivery of loud noise would satisfy
neither of these conditions. As such, these trials were coded as
low-forgiveness opportunity trials. However, a participant win
following a prior loss would satisfy both of the above conditions.
That is, they provide time following the initial provocation to
encourage forgiveness (McCullough et al., 2003), and they also
provide participants with the impression that some degree of
recompense (i.e., the participant victory & prior opportunity to
punish the opponent) had been obtained. Accordingly, these trials
were coded as high-forgiveness opportunity trials.
We performed an analysis with the general linear model, in
which forgiveness opportunity (high vs. low) was entered as a
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We also tested whether gender moderated all effects of theoretical
interest. In only one case did such an effect reach significance (other ps ⬎
.33). In Study 1, gender interacted with hostility-primed cognitive control
in predicting average noise blast intensity (␤ ⫽ ⫺.32, p ⬍ .05). Hostilityprimed cognitive control was related to lower noise selections for women
(b ⫽ ⫺.83, p ⬍ .05) but not for men ( p ⫽ .33). In the context of
interpersonal competition, it is possible that men consider moderate aggression to be acceptable and compatible with relationship-oriented goals.
However, because this pattern failed to replicate in any other analysis,
caution should be used in its interpretation.
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hostility-primed cognitive control and aggression (Hypothesis 4).
To test this, we simultaneously entered hostility-primed cognitive
control and revenge motivation as predictors of aggressive behavior (Baron & Kenny, 1986). Consistent with hypotheses, revenge
motivation continued to significantly predict aggressive behavior
(␤ ⫽ .30, p ⫽ .015), whereas hostility-primed cognitive control
did not (␤ ⫽ ⫺.17, p ⫽ .16).
To more directly demonstrate mediation, we used the bootstrapping technique recommended by Preacher and Hayes (2004). This
technique is more statistically appropriate than alternative measures of the indirect effect (e.g., the Sobel test), in that it does not
assume a normal distribution of indirect effect sizes (MacKinnon,
Lockwood, & Williams, 2004). According to this test, the indirect
effect was significant, as the 95% confidence interval estimates
excluded zero (range: b ⫽ ⫺.002 to ⫺.37).
State anger. Prior theory and data (Fincham et al., 2006;
Finkel et al., 2002) suggest that reductions in anger are an end
result of the forgiveness process and are not apparent at earlier
stages. Thus, we did not necessarily expect hostility-primed cognitive control to predict anger within the short time span of Study
1. Indeed, hostility-primed cognitive control was not related to
state anger before (r ⫽ .11, p ⫽ .36) or after (r ⫽ ⫺.02, p ⫽ .85)
the task. We return to this issue in Study 2.

Discussion

Drawing on conflict monitoring theory (Botvinick et al., 2001),
we predicted that forgiveness would be a critical mechanism in the
cognitive control of aggressive behavior. As a test of this prediction, participants completed an implicit measure of hostilityprimed cognitive control and then returned to complete a wellvalidated laboratory aggression paradigm. Consistent with
predictions, participants high in hostility-primed cognitive control
were less aggressive in their behavior. Moreover, there were
several converging sources of evidence that this was due to a
forgiveness process. Although participants high in hostility-primed
cognitive control were somewhat aggressive immediately following a provocation, they significantly reduced their aggressive tendencies as the opportunity for forgiveness increased. Furthermore,
these individuals reported lower levels of revenge motivation (a
core component of the forgiveness process; e.g., McCullough et
al., 2003). Indeed, revenge motivation mediated the effects of
hostility-primed cognitive control on aggressive behavior.
Could the results of Study 1 be due to confounding cognitive
processes? For example, one might speculate that certain individuals have highly developed semantic networks involving aggressive concepts (e.g., Berkowitz, 1993). These individuals may be
distracted by their ongoing hostile thoughts following hostile
primes, making it difficult to move on to the flanker task. Given
the relatively long delay between primes and flanker stimuli in this
task (i.e., 1000 ms), this explanation becomes less plausible. Automatic priming effects subside well before this time period (see
Neely, 1991). As such, the distraction by one’s semantic networks
would have subsided well before the flanker stimulus appears.
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within-subject predictor and hostility-primed cognitive control
(continuous) was entered as a between-subjects predictor of noise
intensity selections. Replicating the correlational analysis, this
analysis yielded a main effect of hostility-primed cognitive control, F(1, 63) ⫽ 4.66, p ⫽ .03. There was also some indication that
noise intensity selections were lower when the opportunity for
forgiveness was high (M ⫽ 4.8) rather than low (M ⫽ 5.0),
although this trend was not significant, F(1, 63) ⫽ 2.84, p ⫽ .09.
It is more important that the critical hostility-primed Cognitive
Control ⫻ Forgiveness Opportunity interaction was significant,
F(1, 63) ⫽ 5.47, p ⫽ .02, 2p ⫽ .08, with a medium effect size
(Cohen, 1987). To further probe the nature of this interaction,
average noise intensity selections for each forgiveness opportunity
condition were calculated for participants high (M ⫹ 1 SD) or low
(M – 1 SD) in hostility-primed cognitive control (Aiken & West,
1991). Simple slope analyses were conducted to determine
whether the effect of forgiveness opportunity was significant at the
different levels of hostility-primed cognitive control (Aiken &
West, 1991).
As can be seen in Figure 1, participants high in hostility-primed
cognitive control exhibited signs of actively reducing their aggressive behavior, given the opportunity for forgiveness, F(1, 63) ⫽
8.10, p ⫽ .006. By contrast, participants low in hostility-primed
cognitive control displayed no reduction in aggression due to an
increasing forgiveness opportunity (F ⬍ 1). Such results suggest
that although individuals high in hostility-primed cognitive control
initially become motivated toward aggression following a provocation, they can reduce these inclinations as opportunities for
forgiveness increase.
Anger regulation measures. To provide an additional source
of evidence that forgiveness is a key component in the cognitive
control of aggression, we next examined participants’ self-reported
revenge motivation. Because the reduction of revenge motivation
is one core component of forgiveness (e.g., McCullough et al.,
2003), we expected hostility-primed cognitive control to be inversely correlated with this variable (Hypothesis 3). This proved to
be the case (r ⫽ ⫺.26, p ⫽ .03). Moreover, this relationship was
specific to revenge motivation, as there was no relationship between hostility-primed cognitive control and expressive suppression (r ⫽ ⫺.02, p ⫽ .83).
Mediational analysis. Finally, it was hypothesized that revenge motivation would mediate the relationship between

5

Study 2
Figure 1. Selected noise blast intensity as a function of hostility-primed
cognitive control and forgiveness opportunity in Study 1.

Fincham et al. (2006) have conceptualized forgiveness as a
process that begins with the decision to forgive one’s provocateur
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and concludes when one has left behind feelings of anger. In Study
2, we predicted that hostility-primed cognitive control would facilitate both the commencement and the completion of this process. To complement the laboratory methodology used in the prior
study, we used a more ecologically valid procedure to assess later
aspects of the forgiveness process in Study 2. In this study,
participants were asked to complete a 3-week daily diary protocol
in which they reported on provocations, forgiveness, expressive
suppression, and daily anger. We hypothesized that individuals
high in hostility-primed cognitive control would be more likely to
forgive on high provocation days (Hypothesis 5). Moreover, we
expected that these individuals would be more effective in reducing anger on the days following forgiveness (Hypothesis 6). As in
Study 1, we predicted that these effects would be specific to
forgiveness and would not be apparent for expressive suppression.

Method

Statistic

Provocations

Forgiveness

Expressive
suppression

Daily
anger

M
SD
Minimum
Maximum
Response scale

0.44
0.47
0.00
2.00
0 to 2

0.49
0.70
0.00
3.00
0 to 3

3.73
1.54
1.00
7.00
1 to 7

1.48
0.61
1.00
5.00
1 to 5

OO

Subsequently, participants reported on the decision to forgive.
In this connection, we used a direct, face-valid measure. Participants were asked to report on the frequency (0 ⫽ not a single time;
3 ⫽ more than twice) with which they forgave someone on the day
in question (␣ ⫽ .88 across days). Previous research indicated that
when such assessments are used in close proximity to a provocation, they are valid and converge with other measures of forgiveness (McCullough et al., 2003, Study 2). Expressive suppression
was assessed with two items (“I kept my anger and irritation to
myself today”; “I tried not to express my anger or irritation today”;
r ⫽ .87 across items; ␣ ⫽ .92 across days) adapted from prior
studies (Gross & John, 2003).
Finally, participants reported the intensity of anger experienced
on the day in question. Items were drawn from the hostility scale
of Watson and Clark’s (1994) PANAS-X (items ⫽ angry, hostile,
irritated, disgusted, loathing, scornful). Participants rated how intensely they felt each of these feelings on the day in question, on
a 1 (not at all) to 5 (extremely) response format (␣ ⫽ .91 across
items; ␣ ⫽ .96 across days).
To ensure high quality data, the daily reports were closely
screened. Occasions on which the participant completed multiple
reports within the same day were discarded. After such deletions,
we found that compliance with the protocol was adequate (response rate ⫽ 72.9%). Participant responses were averaged within
day for all measures. To correct for skewed distributions, all
measures were log-transformed. Although analyses were conducted with transformed scores, means are displayed in terms of
the original unit for ease of interpretation.
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Participants. Study 2’s sample consisted of 51 undergraduate
psychology students from North Dakota State University (33 female, 18 male, age M ⫽ 19.5; 44 Caucasians; 2 African Americans; 5 Asian/Pacific Islanders). Participants were compensated
with four extra credit points for the laboratory session and up to
$25 for the daily protocol (contingent on response rates).
Apparatus. The equipment used in this study was identical to
that used in Study 1, with the addition that SONA Internet software
was used to collect data for the daily survey.
Measuring hostility-primed cognitive control. Hostilityprimed cognitive control was assessed with the same primed
flanker task as in Study 1. RTs from this task were handled as
before (errors discarded ⫽ 6.5% of trials; outliers windsorized ⫽
2.0% of trials). In Study 2, the magnitude of the flanker cost
(incongruent RT minus congruent RT) was significantly reduced
following hostile primes (difference M ⫽ 133 ms) relative to
nonhostile primes (difference M ⫽ 159 ms), F(1, 50) ⫽ 4.75, p ⫽
.03. This result supports the idea that hostile thoughts can trigger
the recruitment of cognitive control. To quantify individual differences in this pattern, residual scores were calculated as in Study 1.
These scores were highly correlated with raw flanker costs following hostile primes (␤ ⫽ .85, p ⬍ .0001) and were necessarily
uncorrelated with flanker costs following nonhostile primes. Finally, scores were multiplied by ⫺1, such that higher scores would
more intuitively reflect greater tendencies toward hostility-primed
cognitive control.
Daily diary protocol. Following the initial assessment session, participants completed a 3-week daily diary protocol. On
each day, participants were instructed to access a website between
the hours of 8 p.m. and midnight to answer several questions
concerning the day in question. Four measures were of particular
relevance to present concerns. Descriptive statistics for all measures can be found in Table 1. First, participants reported the
frequency with which they encountered five types of provocations
(i.e., whether someone had criticized, ignored, embarrassed, been
unfair to, or argued with the participant) on a 0 (not a single time)
to 2 (more than once) scale. These items were adapted from a prior
investigation of provocation in daily life (Moskowitz, 1994). Reliability for this measure was high (␣ ⫽ .94 across items; ␣ ⫽ .83
across days).

Table 1
Descriptive Statistics for Daily Measures in Study 2
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Results
Analysis strategy. Hypotheses were examined with multilevel random coefficient modeling (MRCM). This analysis is ideal
for daily diary studies for several reasons. First, MRCM is adept at
handling randomly missing data and appropriately weights each
participant according to the amount and reliability of data they
provided (Nezlek, 2008). Third, MRCM also allows investigators
to examine nested data structures and interactions across levels of
analysis (Raudenbush & Bryk, 2002).
Analyses were conducted with HLM software (Version 6.02).
Within-subject predictors were modeled at Level 1, and betweensubjects predictors were modeled at Level 2. For each analysis, we
first sought to determine whether there was significant betweensubjects variance in the dependent measure. To do so, we estimated the unconditional model in which error terms for the dependent measure were estimated at both Level 1 and Level 2
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primed cognitive control encountering differing levels of provocation. In contrast to such an explanation, hostility-primed cognitive control was unrelated to levels of provocation encountered
( ⫽ .0007, p ⫽ .56). We also examined whether the above results
could reflect the increased use of a wide variety of anger regulation
strategies by individuals high in hostility-primed cognitive control.
In contrast to such an explanation, hostility-primed cognitive control exhibited no relationship with expressive suppression in the
form of either a main effect ( ⫽ .11, p ⫽ .33) or an interaction
with provocation ( ⫽ ⫺.27, p ⫽ .73). Finally, we tested whether
the tendency of individuals high in hostility-primed cognitive
control to forgive provocations was associated with an immediate
decrease in anger We found neither a main effect of hostilityprimed cognitive control ( ⫽ ⫺.001, p ⫽ .85) nor an interaction
with provocation ( ⫽ .02, p ⫽ .74) in predicting same-day anger.
We now turn to the later phases of the forgiveness process, in
which we would expect hostility-primed cognitive control to predict reductions in anger.
Completing the forgiveness process.
Analysis overview. Our last analysis was designed to test
Hypothesis 6, which is that individuals high in hostility-primed
cognitive control would more effectively reduce anger on days
following the decision to forgive (see Table 3 for a summary of all
stages of this analysis). Forgiveness (day j ⫺ 1), hostility-primed
cognitive control, and their interaction term were entered as predictors of daily anger (day j). Daily anger (day j ⫺ 1) was also
entered as a control variable, so that residual variance represented
change in anger across subsequent days.
Preliminary considerations. The unconditional model indicated that there was significant between-subjects variation in daily
anger levels, 2(, N ⫽) ⫽ 409.84, p ⬍ .0001. In the second stage
of the analysis, it was found that anger (day j ⫺ 1) was a
significant predictor of anger (day j;  ⫽ .18, p ⫽ .001), but there
was no indication that this pattern varied randomly across participants ( p ⬎ .50). Forgiveness (day j ⫺ 1) tended to result in lower
anger levels (day j), but this relationship was not significant at the
normative level ( ⫽ ⫺.02, p ⫽ .41). However, there was evidence
of robust individual differences in the forgiveness-anger relationship, 2(, N ⫽) ⫽ 65.76, p ⫽ .003. Thus, it is possible that some
individuals exhibit a significant relationship between forgiveness
and subsequent reductions in anger.
Test of the hypothesis. In the final stage of this analysis, the
main effect of hostility-primed cognitive control was not significant ( p ⬎ .9). Of greater importance, however, was the hypothesized hostility-primed Cognitive Control ⫻ Prior-Forgiveness interaction, which was significant ( ⫽ ⫺.08, p ⫽ .002, standardized
r ⫽ ⫺.44, with a medium effect size; Cohen, 1987). The inverse
nature of this relationship indicates that higher levels of hostilityprimed cognitive control were associated with stronger decreases
in anger following the decision to forgive.
Probing the hypothesized interaction. Estimated means for
the hypothesized interaction are depicted in Figure 2B. Participants
high in hostility-primed cognitive control showed a highly signif-
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(Nezlek, 2008; Raudenbush & Bryk, 2002). Next, within-subject
predictors were added. To appropriately separate within- and
between-subjects variance and maximize reliability in the calculation of within-subject slopes, we centered predictors of substantive theoretical interest on each participant’s mean (Enders &
Tofighi, 2007; Raudenbush & Bryk, 2002). To successfully serve
as covariates, however, it was necessary to instead center withinsubject control variables on the sample’s grand mean (Enders &
Tofighi, 2007; Raudenbush & Bryk, 2002). All within-subject
slopes were initially allowed to vary randomly across participants.
These slopes were subsequently fixed only when there was no
evidence of random variation at even a liberal criterion for significance ( p ⬎ .10; Nezlek, 2008).
The third and final stage of each analysis was designed to test
the central, hypothesized interaction. Both the main effect of
hostility-primed cognitive control and its interaction with the relevant within-subject predictor were estimated. To interpret the
hypothesized interactions, means were estimated for participants
high (M ⫹ 1 SD) and low (M – 1 SD) in hostility-primed cognitive
control over the available scores for the relevant within-subject
predictor, and simple slope analyses were conducted (Aiken &
West, 1991; Preacher, Curran, & Bauer, 2006).
The forgiveness of provocations.
Analysis overview. Our first analysis was designed to test
Hypothesis 5, which is that higher levels of hostility-primed cognitive control would promote the decision to forgive provocations
(see Table 2 for a summary of all stages of this analysis). In this
analysis, provocation, hostility-primed cognitive control, and their
interaction term were entered as predictors of forgiveness.
Preliminary considerations. The unconditional model provided
clear evidence of random between-subjects variation in forgiveness,
2(, N ⫽) ⫽ 518.06, p ⬍ .0001. In the second stage of the analysis,
it was found that provocation was a robust, positive predictor of
forgiveness on the same day ( ⫽ .29, p ⬍ .0001). Moreover, there
was adequate evidence of random between-subjects variation in
these provocation-forgiveness slopes, 2(, N ⫽) ⫽ 65.08, p ⫽ .07.
Test of the hypothesis. In the third and final stage of the
analysis, the main effect of hostility-primed cognitive control was
nonsignificant ( p ⫽ .86). More important, though, the predicted
provocation by hostility-primed cognitive control interaction was
significant ( ⫽ .18, p ⫽ .003, standardized r ⫽ .41,3 with a
medium effect size; Cohen, 1987). The positive nature of this
relationship indicates that higher levels of hostility-primed cognitive control were associated with stronger increases in forgiveness
on high provocation days.
Probing the hypothesized interaction. Estimated means are
depicted in Figure 2A. Participants low in hostility-primed cognitive control exhibited only a modest, nonsignificant increase in
forgiveness due to provocation ( ⫽ .11, p ⫽ .17). However,
participants high in hostility-primed cognitive control exhibited a
highly significant increase in forgiveness on high provocation days
( ⫽ .47, p ⬍ .0001). Thus, the first analysis confirms that
hostility-primed cognitive control does promote the decision to
forgive provocations.
Additional considerations. We next addressed several questions arising from the first analysis. First, we investigated whether
the above results could be due to individuals high in hostility-

7

3
The standardized effect size r was calculated with the formula provided
by Hunter and Schmidt (1990): r ⫽ t/(t2 ⫹ n ⫺ 2)1/2. This formula has been
used to provide effect size estimates in several prior MRCM investigations
(e.g., McCullough et al., 2003).

T3
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Table 2
Summary of Multilevel Model Predicting Daily Forgiveness in Study 2

Measure

Intercept, 00
HPCC, 01
Provocation, 10
Provocation ⫻ HPCC, 11

Level 1 predictors entered

Variance
component

Coefficient

SE

.135ⴱⴱⴱ
—
—
—

.016
—
—
—

Coefficient

Fixed effects
.135ⴱⴱⴱ
—
.285ⴱⴱⴱ
—
Random effects
.012ⴱⴱⴱ
—
.019

Forgiveness (intercept), r0
Provocation–forgiveness slopes, r1
Residual, e
Note. HPCC ⫽ hostility-primed cognitive control.
ⴱ
p ⬍ .10. ⴱⴱ p ⬍ .01. ⴱⴱⴱ p ⬍ .0001.

Variance
component

.016
—
.063
—

Hostility-primed
cognitive control:

Low (-1 SD)
High (+1 SD)

0

1

2

Provocations

B
Daily-Anger (day j)

2
1.75

Hostility-primed
cognitive control:

1.5

Low (-1 SD)
High (+1 SD)

1.25
1
0.75
0.5
0

1

2

3

Forgiveness (day j-1)

Figure 2. A: Forgiveness as a function of hostility-primed cognitive
control and provocation in Study 2. B: Daily anger as a function of
hostility-primed cognitive control and prior forgiveness in Study 2.

SE

.135ⴱⴱⴱ
⫺.003
.291ⴱⴱⴱ
.181ⴱⴱ

.016
.016
.057
.057

Variance
component

.012ⴱⴱⴱ
.021
.018

General Discussion

Summary of Hypotheses and Results

It is quite clear that cognitive control is involved in the regulation of anger and aggression (see Wilkowski & Robinson, 2008a,
in press, for recent reviews). Nonetheless, the emotion regulation
operations underlying this relationship have remained relatively
unexplored. Drawing on conflict monitoring theory (Botvinick et
al., 2001; Botvinick, Cohen, & Carter, 2004), we put forward three
critical proposals. First, we suggested that it is essential to explore
whether a person recruits and uses cognitive control resources
within hostile situations and not simply look at whether a person
exhibit cognitive control abilities under emotionally neutral, baseline conditions. Second, we suggested that because of the conflicting goals that arise in hostile situations (i.e., toward revenge and
relationship maintenance), some individuals are more likely to
recruit cognitive control resources in this context (Wilkowski &
Robinson, 2008b). Third, we suggested that this should allow these
individuals to more effectively forgive their provocateurs, ultimately resulting in decreased aggression and anger.
Two studies were conducted to test these predictions. Across
all studies, hostility-primed cognitive control was assessed implicitly with a primed flanker task. In Study 1, we investigated
how hostility-primed cognitive control impacted the earliest
aspects of the forgiveness process. To do so, a laboratory
provocation was administered and participants’ ensuing response was recorded. Consistent with predictions, participants
high in hostility-primed cognitive control were less likely to
retaliate aggressively, and this was particularly true when the
opportunity for forgiveness was greater. It is perhaps more
important that lower levels of revenge motivation mediated this
effect. In sum, Study 1 supported the position that forgiveness
is a critical emotion regulation operation underlying the cognitive control of aggression.
We next predicted that individuals high in hostility-primed
cognitive control would exhibit decreases in anger at later stages of
the forgiveness process. As a test of this prediction, participants in
Study 2 completed a daily diary survey in which they reported on

PR

2
1.75
1.5
1.25
1
0.75
0.5
0.25
0

AP
A

Forgiveness

A

Coefficient

.012ⴱⴱⴱ
.049ⴱ
.018

OO

icant decrease in anger due to prior forgiveness ( ⫽ ⫺.09, p ⫽
.005). By contrast, individuals low in hostility-primed cognitive
control showed no such pattern, ( ⫽ .05, p ⫽ .09). In sum, it
appears that hostility-primed cognitive control not only promotes
the decision to forgive but also leads people to be subsequently
more effective at leaving behind anger.

SE

Level 2 predictors entered

FS

Unconditional model
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Table 3
Summary of Multilevel Model Predicting State Anger in Study 2
Unconditional model
Measure

Coefficient

SE

.083ⴱⴱⴱ
—
—
—
—

.008
—
—
—
—

Level 1 predictors entered

Variance
component

Coefficient

SE

.077ⴱⴱⴱ
—
⫺.022
—
.180ⴱⴱⴱ

.006
—
.026
—
.049

Variance
component

Level 2 predictors entered
Coefficient

SE

.077ⴱⴱⴱ
⫺.0003
⫺.020
⫺.076ⴱⴱ
.194ⴱⴱⴱ

.006
.006
.022
.022
.049

Variance
component

Random effects
.003ⴱⴱⴱ
—
—
.005

Anger (intercept), r0
Forgiveness–anger slopes, r1
Anger (day j ⫺ 1) ⫺ Anger (day j) slopes, r1
Residual, e
Note. HPCC ⫽ hostility-primed cognitive control.
p ⬍ .10. ⴱⴱ p ⬍ .01. ⴱⴱⴱ p ⬍ .0001.

.001ⴱⴱⴱ
.008ⴱⴱ
.028
.005

.001ⴱⴱⴱ
.003ⴱ
—
.005

OO

ⴱ

FS

Fixed effects
Intercept, 00
HPCC, 01
Forgive (day j ⫺ 1), 10
Forgiveness ⫻ HPCC, 11
State anger (day j ⫺ 1), 20

We would like to propose that these findings reflect a broader
matching principle, whereby cognitive control processes encourage a corresponding anger regulation process. According to this
principle, tasks assessing top-down control over selective attention
(e.g., the antisaccade task; Everling & Fischer, 1998) would predict tendencies to distract one’s self from hostile information.
Likewise, tasks assessing top-down control over cognitive representations (e.g., memory suppression; Anderson & Green, 2001) or
response execution (e.g., stop-signal; Logan, Schachar, & Tannock, 1997) would predict tendencies toward reappraisal and expressive suppression, respectively. We believe that this matching
principle represents a critical insight in explaining how cognitive
control reduces anger and aggression.

PR

provocations occurring in daily life as well as their ensuing response. Consistent with predictions, participants high in hostilityprimed cognitive control were more likely to decide to forgive
provocations. Moreover, they were more likely to exhibit decreases in anger following the decision to forgive. In sum, the
results of two studies demonstrate that forgiveness is critical in
linking hostility-primed cognitive control to lower levels of aggression and anger.

A Broader View of Cognitive Control and Anger
Regulation

AP
A

Both cognitive control and anger regulation are multifaceted
constructs. Cognitive neuropsychologists (e.g., Botvinick et al.,
2004; Nee, Wager, & Jonides, 2004) have argued that top-down
control can be exerted at a number of stages of information
processing, including selective attention, cognitive representation,
response selection, and response execution. In a strikingly similar
vein, emotions researchers (Gross & Thompson, 2007) have suggested that anger can be altered at a number of stages of processing. One can withdraw attention from hostile events (Bushman,
2002), reappraise a prior provocation (Zillmann & Cantor, 1976),
inhibit revenge motivation (McCullough et al., 2003), or suppress
the external expression of anger (DeWall et al., 2007).
In the current investigation, we concentrated on one of the most
frequently used measures of cognitive control, the resolution of
flanker interference (Botvinick et al., 2001; Rueda et al., 2004). On
the basis of research suggesting that flanker interference is due to
conflict at the response selection phase (Botvinick et al., 2001;
Coles, Gratton, Bashore, Eriksen, & Donchin, 1985), we predicted
that the superior resolution of flanker interference in hostile contexts would allow individuals to better execute a forgiveness
process involving the inhibition of revenge motivation. The evidence supported this position and provided discriminant validity
showing that this measure did not predict the alternative emotion
regulation technique of expressive suppression.

Broader Implications for Self-Regulatory Success and
Failure
Mischel and colleagues (e.g., Mischel & Shoda, 2005) have long
argued for a social cognitive and contextual view of personality,
suggesting that individual differences are best conceptualized as
if–then contingencies. The present results can be viewed as consistent with such an approach. Hostility-primed cognitive control
was defined in terms of a tendency to recruit cognitive control
resources in hostile contexts, and it proved to be quite productive
in explaining individual differences in anger, aggression, and
forgiveness.
Within the self-control literature, the dominant view has been
that self-control success has a direct relationship with domaingeneral self-control abilities (Baumeister et al., 1994). There are
now enough caveats to this theory that it no longer appears to be
generally applicable (Robinson, Schmeichel, & Inzlicht, in press),
at least not in the manner originally envisioned (Baumeister et al.,
1994). In the present context, it was not the case that anger,
aggression, and forgiveness were a function of cognitive control
abilities per se. They were a function of the individual’s tendencies
to recruit cognitive control resources in hostile contexts specifically.
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Such findings point to the broader applicability of a cognitive
control recruitment framework to other self-regulatory domains.
From this perspective, an individual’s tendencies to recruit cognitive control resources following exposure to various types of
temptations (e.g., alcohol or food) should predict their ability to
self-regulate in that domain (i.e., alcohol abstinence or dieting). In
sum, we suggest that self-regulatory success may be a function of
whether the individual recruits and uses cognitive control resources in a specific self-regulatory domain.
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