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Abstract

Prior research suggests that a traitlike tendency to experience impulsivity during states of high
emotion is robustly associated with many forms of psychopathology. Several studies tie emotion-
related impulsivity to response inhibition deficits, but these studies have not focused on the role of
emotion or arousal within subjects. The present study tested whether arousal, measured by pupil
dilation, amplifies deficits in response inhibition for those high in emotion-related impulsivity.
Participants (/V =85) completed a measure of emotion-related impulsivity, underwent a positive
mood induction procedure that reduced heterogeneity in mood states, and completed a response
inhibition task. Pupil dilation was used to index arousal during the response inhibition task.
Generalized linear mixed effect modeling yielded the hypothesized interaction between arousal
(pupil dilation) and emotion-related impulsivity in predicting response inhibition performance at
the trial level. Emotion-related impulsivity relates to more difficulties with response inhibition
during moments of high arousal.
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1| INTRODUCTION

Emotion-related impulsivity is defined as the tendency to react impulsively when
experiencing heightened emotional states (Whiteside & Lynam, 2001). For example, a
person high in emotion-related impulsivity might express anger by abruptly acting
aggressively rather than letting the anger dissipate. Emotion-related impulsivity has been
shown to be statistically distinct from other forms of impulsivity (Berg, Latzman, Bliwise, &
Lilienfeld, 2015; Whiteside, Lynam, Miller, & Reynolds, 2005).
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Emotion-related impulsivity predicts many different poor psychosocial outcomes, including
psychopathology and problematic behaviors (Berg et al, 2015; Johnson, Carver, &
Joormann, 2013; Muhtadie, Johnson, Carver, Gotlib, & Ketter, 2014). In a meta-analysis of
over 40,000 individuals, emotion-related impulsivity was compared with other aspects of
impulsivity and emerged as the best predictor of every clinical diagnosis and symptom
group, including depression, anxiety, eating disorders, borderline personality traits,
suicidality, and nonsuicidal self-injury (Berg et al., 2015). In clinical populations, emotion-
related impulsivity predicts lower quality of life, higher rates of comorbidity, self-injury,
suicidal action, aggression, and poor social well- being (Auerbach, Stewart, & Johnson,
2017; Muhtadie et al., 2014; Victor, Johnson, & Gotlib, 2011). Emotion-related impulsivity
appears to be a transdiagnostic vulnerability factor for both internalizing and externalizing
disorders (Carver, Johnson, & Timpano, 2017; Johnson, Carver, & Joormann, 2013). A
growing body of longitudinal research supports the predictive power of this form of
impulsivity in the onset of problems with substance abuse (Kaiser, Bonsu, Charnigo, Milich,
& Lynam, 2016), eating disorders (Pearson, Combs, Zapolski, & Smith, 2012), and
nonsuicidal self-injury (Riley, Combs, Jordan, & Smith, 2015).

To fully understand these effects, it is desirable to isolate neurocognitive mechanisms
underlying emotion-related impulsivity. There is some evidence that persons with high levels
of emotion-related impulsivity are not simply more emotionally reactive; instead, most
evidence suggests that comparable emotional arousal levels differentially trigger impulsive
responses among persons with high emotion-related impulsivity (Cyders & Coskunpinar,
2010; Johnson, Tharp, Peckham, Sanchez, & Carver, 2016). The evidence suggests that this
form of impulsivity is not explained by emotionality alone.

Difficulties controlling impulses during states of heightened emotion represent a form of
deficit in response inhibition (Bechara & Van der Linden, 2005; Carver, Johnson, &
Joormann, 2008). Response inhibition is a specific facet of cognitive control that
corresponds to the ability to override a planned or initiated action or to suppress an
automatic or prepotent response tendency (Aichert et al., 2012). Poor response inhibition has
been documented across many forms of psychopathology (Bari & Robbins, 2013; Wright,
Lipszyc, Dupuis, Thayapararajah, & Schachar, 2014). It is possible that an inability to
override unwanted automatic emotional impulses reflects a neurocognitive deficit in
response inhibition. Indeed, findings of a recent meta-analysis indicated that high emotion-
related impulsivity significantly relates to poor response inhibition (Johnson et al., 2016).
Despite the positive findings, caution is warranted in that effect sizes have been fairly small
and have emerged only among samples with higher impulsivity levels. Nonetheless, recent
findings dovetail with these behavioral effects in identifying a differential profile of
activation of the frontoparietal network during a response inhibition task for those with high
emotion-related impulsivity (Chester et al., 2016; Wilbertz et al., 2014). While there is some
evidence suggesting a relation between emotion-related impulsivity and response inhibition,
further research is needed to understand the mechanisms driving this link.

We argue that one reason for the mixed findings is the limited attention paid to the role of
heightened emotion in driving response inhibition decay. To date, only three studies in this
area have tested response inhibition after mood inductions (Dekker & Johnson, 2018; Gunn
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& Finn, 2015; Johnson et al., 2016). Unfortunately, these studies were constrained by
limited success of mood inductions. Additional research is warranted to test the hypothesis
that individuals high in emotion-related impulsivity experience emotion-induced decays in
response inhibition. Because behaviors associated with emotion-related impulsivity only
emerge in the context of heightened emotion states, we hypothesize that emotion-related
impulsivity will be correlated with a greater within-subject decline in response inhibition
during heightened emaotion states.

We further hypothesize that the feature of emotion leading to impulsive behaviors is arousal,
rather than valence. While early models of emotion-related impulsivity characterized a
factor defined as negative urgency, the tendency to act impulsively in response to negative
emotion (Whiteside & Lynam, 2001; Whiteside et al., 2005), later work identified a
separable factor of positive urgency, the tendency to act impulsively in response to positive
emotion (Cyders & Smith, 2007). More recently, factor analytic evidence suggests that these
two factors have a common underlying core (Carver, Johnson, Joormann, Kim, & Nam,
2011; Sperry, Lynam, & Kwapil, 2018). Because tendencies to respond impulsively to
heightened emotion occur across both positive and negative emotions (Cyders et al., 2007),
heightened arousal, rather than valence, may be the trigger. We are unaware of data,
however, that measure whether arousal induces deficits in response inhibition among
persons exhibiting high levels of emotion-related impulsivity.

This study aimed to directly examine whether emotion- related impulsivity corresponds to
individual differences in the effects of arousal on response inhibition. Pupil dilation provides
a marker of rapid changes in arousal (Beatty & Lucero-Wagoner, 2000; Meese, 2011) and
has been shown to correspond to emotional evocation (Snowden et al., 2016). The pupil
serves as a window into the autonomic nervous system: dilation reflects sympathetic activity
and corresponds to other peripheral measures of arousal including cardiac acceleration and
skin conductance (Beatty & Lucero-Wagoner, 2000). Task-evoked pupil dilation corresponds
to fluctuations in activity in the locus coeruleus, the area of the brain stem responsible for
synthesis of norepinephrine (Joshi, Li, Kalwani, & Gold, 2016). Norepinephrine functions to
mobilize the brain and body for action (e.g., fight or flight response) and is elevated during
periods of stress (Tank & Wong, 2015). Pupils dilate and constrict rapidly in response to
stimuli and, correspondingly, reflect rapid changes in norepinephrine activity during
cognitive tasks.

The goal of the present study was to examine whether dynamic fluctuations in arousal would
relate to response inhibition for those with higher levels of emotion-related impulsivity.
Participants underwent a well-validated positive mood induction procedure to reduce
heterogeneity in mood states. Dynamic fluctuations in arousal were measured by pupil
dilation on each trial of a response inhibition task. First, we hypothesized that higher
emotion-related impulsivity scores would relate to poorer overall response inhibition
performance in general. More importantly, we further hypothesized that higher emotion-
related impulsivity would interact with higher arousal, measured by pupil dilation, to predict
trial-level deficits in response inhibition performance.
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2| METHOD

2.1| Participants and design

Participants (V= 92) were undergraduates (53% female, age M= 20.67, SD = 3.30) who
completed written informed consent before engaging in study procedures. Participants’
reported ethnicities were 56.1% European/ Caucasian, 15.3% Asian, 9.6% Hispanic/Latino,
and 19.2% other. They reported a mean grade point average of 3.44 (SD = 0.39) on a 4-point
scale, and their mean socioeconomic scale as 4.76 (SD = 1.55) on the 10-point MacArthur
scale (Adler & Stewart, 2007). Participants received partial course credit in psychology
classes for taking part in the study.

All procedures were conducted during an individual session at the laboratory. Data were
gathered as part of a larger study including multiple behavioral and self-report measures not
discussed here, administered in random order (see Johnson et al., 2016). The antisaccade
task directly followed one of four positive mood inductions. Our goal was not to consider the
role of positive valence; rather, the design of the study has the advantage of reducing
heterogeneity in affective state across participants.

2.1.1| Three-factor impulsivity measure—Emotion-relevant impulsivity was
measured by a self-report measure derived from a factor analysis of several scales measuring
the heterogeneous construct of impulsivity and self-control (Carver et al., 2011). The three-
factor analytically derived subscales include two measures of impulsive reactions to
emotions and a third factor reflecting impulsiveness without an emotional antecedent. One
factor, referred to as pervasive influence of feelings, corresponds to overly broad influences
of (mostly negative) emotion on cognition (e.g., “My feelings greatly affect how I see the
world”) and motivation (“I can’t get myself going”). Another factor, referred to as feelings
trigger action, corresponds to speech or action in response to positive or negative (or
unspecified) emotions (e.g., “When | feel a desire, | act on it immediately,” and “When | feel
bad, 1 will often do things I later regret in order to make myself feel better now”). A third
factor, labeled as lack of follow-through, refers to impulsiveness interfering with completion
of intended actions (e.g., “l am easily distracted by stray thoughts™), but with no mention of
emotion as a precipitator. The emotion-related factors have been found to be related to
depression, anxiety, manic tendencies, externalizing syndromes, and suicidality (Johnson,
Carver, & Joormann, 2013; Johnson, Carver, Mulé, & Joormann, 2013), as well as genetic
polymorphisms related to serotonin and to early adversity (Carver et. al., 2011). Lack of
follow-through was included to test discriminant validity of emotion-related impulsivity
compared to nonemotion-related impulsivity. Each subscale had high interitem reliability
(feelings trigger action: a = 0.94; pervasive influence of feelings: a = 0.80; lack of follow-
through: a = 0.89); the three factors were all significantly correlated (feelings trigger action
and pervasive influence of feelings: 7 =0.61; feelings trigger action and lack of follow-
through: r =0.30; pervasive influence of feelings and lack of follow-through: r =0.43, all ps
<0.01).
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2.1.2| Mood inductions—Participants were randomly assigned to take part in one of
four positive mood induction procedures. Each task has been shown to induce positive mood
(Cyders, Coskunpinar, & Lehman, 2012; Pronin, 2013).

Facial symmetry feedback: At the start of the session, participants were informed that
research has shown a direct link between attractiveness and facial symmetry. A photo of
their face was then taken to be analyzed by a special program. Later in the session,
participants were provided their fake printed results from the “facial symmetry software.”
Results always stated that the participant has above-average facial symmetry and that 91%
of people will find them attractive.

M odified | owa gambling task: In this task, participants were presented with four decks of
cards on the computer. They were told that there are “good decks” and “bad decks” and that
the card they draw each trial from one of the decks would result in reward or penalty. Unlike
the original lowa gambling task (Bechara, Damasio, Damasio, & Anderson, 1994), all four
decks were good decks, so that participants would win anywhere between $25 to $1,250
over the course of 100 trials. On about 25% of trials, though, one deck had cards with values
of $0 to —$350. Participants were informed at the start of the task that one person would be
chosen from the total participant pool that semester to receive a payout of 10% of their
winnings.

Shapetracing task: During this task, participants were asked to trace over a set of three
shapes (figures from Glass & Singer, 1972) without lifting their pencil from the page or
retracing any parts. They were told that they would be allowed to attempt each shape only
once, that the cognitive puzzles have been shown to highly relate to 1Q, and that “only about
5% of individuals complete all three of these figures correctly” within the 5- min time
period. In actuality, the majority of people complete this task relatively quickly, with a mean
completion time of 1.73 min and standard deviation of 0.85.

Thought speed task: In this task (Pronin, 2013), participants were told to read sentences
aloud without pausing or skipping. Using Microsoft PowerPoint, they were presented with
60 statements. Each statement appears one letter at a time in Arial 44-point font at a speed of
40 ms per letter until it is presented in its entirety. There is 320 ms between the conclusion
of one statement and the start of the next. The first six statements are neutral, and the
following 54 become increasingly positive as the task continues (e.g., from “I do feel pretty
good today, through” to “Wow, | feel great!”). The task has been validated as inducing
elevated mood and related characteristics such as self-confidence, energy, creativity, and
risk-taking (Pronin, 2013).

2.1.3| Mood rating—Mood was measured using a High Arousal Positive (HAP) affect
scale comprised of three items (active, amused, enthusiastic) reported on a 5-point Likert
scale, with 1 = very slight or not at allto 5 = extremely. To validate mood induction effects,
the HAP scale was administered after mood induction and task completion.

2.1.4| Antisaccade task—The antisaccade task (Kane, Bleckley, Conway, & Engle,
2001) is a well-validated measure of response inhibition (Miyake & Friedman, 2012). Each
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trial begins with a fixation in the center of the screen (randomly varying between 200-1,800
ms), followed by a blank screen (10 ms), and then a distractor on either the left or right side
of the screen at a visual angle of 8.68 degrees (250 ms). Afterward, a randomly selected
target (B, P, or R) is presented on either the left or right side of the screen (100 ms),
immediately followed by the letter /as a mask (50 ms), and then the number 8. Participants
are asked to indicate which letter they saw before the mask appeared, and they are given up
to 10 s to respond by button press. Each trial is followed by a 400-ms intertrial interval.

The task includes prosaccade and antisaccade trials. In prosaccade trials, the distractor and
target letter appear on the same side of the screen. During antisaccade trials, the distractor
and target letter appear on opposite sides of the screen. Thus, an accurate response on an
antisaccade trial requires inhibiting the reflexive response of looking toward the cue and,
instead, voluntarily looking to the opposite side of the screen for the letter. Participants
pressed keys to indicate whether the stimulus presented was a B, P, or R. Participants
completed 10 practice trials to learn which keys to press, 10 prosaccade trials, 10
antisaccade practice trials, and then 40 antisaccade trials. Antisaccade performance was
scored as correct key press (1) or incorrect key press (0). Average antisaccade accuracy was
calculated as the mean score across the block of 40 antisaccade trials, with higher scores
reflecting greater accuracy. Because trials occur rapidly, reaction time showed little
variability. Rather, as with previous work, we focus on accuracy on antisaccade trials,
controlling for prosaccade (Roberts, Hager, & Heron, 1994).

2.2 | Apparatus and data cleaning

Pupillometry was captured during the response inhibition task using a Tobii T-120 infrared
eye tracker (Tobii Technologies, Dandyred, Sweden), alongside a secondary computer used
to display stimuli. The response inhibition task was programmed with E-Prime Professional,
Version 2.0, linked with the eye tracker using E-Prime Extensions for Tobii (Psychology
Software Tools, Pittsburgh, PA). Eye tracking was recorded at 120 Hz, yielding one sample
per 8.3 ms. Stimuli were displayed on a 17-in. computer monitor with 1,280 x 1,024 screen
resolution. A nine-point calibration was conducted before administering the response
inhibition task. The camera simultaneously recorded pupil diameter for the left and right
eye. Data were cleaned using a local fit procedure described by Johnson, Miller Singley,
Peckham, Johnson, and Bunge (2014). This procedure involves the use of an automated
regression model to calculate the average pupil diameter across both eyes at each data point
(8.3 ms), using data for one eye when data for both were not available. We aggregated across
data points to calculate the mean pupil diameter over each of the 40 response inhibition
trials. Data were removed if outside the range of five standard errors above or below the
locally defined, weighted mean, and participants were excluded if their cleaned pupil data
had less than 50% valid data.

2.3 | Data analysis plan

Preliminary analyses examined variable distributions and considered potential confounds. To
provide basic descriptive information before considering multivariate models, correlations
were computed between the three impulsivity scores and the response inhibition and pupil
dilation scores per individual aggregated across trials. Linear and curvilinear effects were
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considered throughout analyses. To test the primary hypothesis, we used generalized linear
mixed effect modeling (Hox, 2002) and the Ime4 package for R (Bates, Machler, Bolker, &
Walker, 2015). We used generalized linear mixed effect modeling to determine the main
fixed effects and interaction of emotion-related impulsivity and pupil dilation on trial-by-
trial performance on the response inhibition task.

Pupillometric research considering the predictive effect of pupil dilation on trial-level
behavioral performance generally uses a time-lagged approach, in which dilation on one trial
is used to predict performance on the subsequent trial (Chiew & Braver, 2013). This time-
lagged approach enables the assessment of dynamic temporal processes (Ram & Gerstorf,
2009). We used this procedure to assess how arousal affects performance. Our main
hypothesis was that arousal (pupil dilation) on one trial would interfere with performance on
the subsequent trial for participants with higher emotion-related impulsivity.

3| RESULTS

All analyses were completed using R and were two-tailed with alpha = 0.05. Seven
participants were excluded from analyses: two for sleeping fewer than 5 hr the night before,
one who did not meet 75% of attention checks interspersed throughout the questionnaire
battery (i.e., “Please circle ‘a lot’ for this item”), one for not successfully obtaining 50%
accuracy on prosaccade trials of the impulsivity task, and three because they had limited
English skills (e.g., difficulties with comprehending instructions coupled with a small
number of years speaking English). After excluding these participants, 85 participants were
included in analyses.

Basic correlations among key variables are shown in Table 1. As shown, impulsivity did not
significantly relate to pupil dilation, suggesting that those with high impulsivity were not
prone to more or less arousal.

3.1| Effectiveness of mood induction

A prior published report validated the successful mood induction of 63 of the present study
participants by showing mood inductions led to greater skin conductance levels (SCL) and
higher high-arousal positive affect ratings (see Johnson et al., 2016). The four mood
inductions did not differ significantly in their effects on subjective or physiological arousal
with all /5 < 1.65, ps > 0.11. Scores on the emotion-related impulsivity measure did not
predict the degree of change in affect ratings or SCL, controlling for baseline, partial /s <
0.10, ps > 0.50. The degree of change in affect or SCL in response to the mood induction,
controlling for baseline, did not significantly relate to antisaccade performance (all /5 <
0.96, ps > 0.33). As hoped, participants generally endorsed a mildly positive mood state
after the mood induction, M= 2.51 out of 5, SD = 0.88.

3.2 | Preliminary analyses:

Potential confounds—Response inhibition and pupil diameter were not related to
caffeine, alcohol, nicotine use, medication use, or hunger ratings. Response inhibition was
not significantly related to age, £83) =0.63, p=0.95, or gender, £83) = -1.58, p=10.12.
Although pupil diameter has been shown in other research to be related to age and gender,
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neither age, {74) = -0.28, p=0.78, nor gender, {74) =0.47, p= 0.64, was associated with
pupil dilation in our sample.

Main analyses

Our main hypothesis was that emotion-related (but not none-motion-related) impulsivity
would interact with arousal as reflected in pupil dilation on a given trial of response
inhibition to predict performance on the next trial. To investigate this, we used three
generalized linear mixed effect models to test the three impulsivity factors separately
(feelings trigger action, pervasive influence of feelings, lack of follow-through). In each
model, we entered prosaccade performance, lagged pupil dilation (previous trial pupil
diameter), the impulsivity factor, and the interaction of pupil dilation during the prior trial
with the impulsivity factor. For each model, we included the random intercept so that trial-
level data adjust for the mean pupil dilation per individual. Models with random intercepts,
but not random slopes, account for individual differences in average pupil diameter.

Modeling a random intercept does not, however, account for individual differences in
systematic shifts across the block of trials. To consider this variable, we also conducted these
generalized linear mixed effect models with both random slopes and intercepts. The random
slope models did not obtain better fit, suggesting that there was not significant between-
subjects variability in change across the block, and these models are not presented here.

For the model including feelings trigger action and shown in Figure 1, there was a
significant interaction of Feelings Trigger Action xPupil dilation on response inhibition
accuracy (p =-0.30, SE =004, z=-2.05, p <0.05); there was no main effect for either
feelings trigger action (B =0.11, SE=0.99, z=0.98, p =0.32) or pupil dilation (p = 0.11,
SE=1.15, z=0.14, p =0.25). These findings indicate that those higher in feelings trigger
action show decays in response inhibition performance on trials in which they experience
higher arousal, as measured by pupil dilation.

For the model including pervasive influence of feelings shown in Figure 2, there was a
significant interaction of pervasive influence of feelings and pupil dilation on response
inhibition accuracy (B = -0.22, SE=0.09, z=-2.35, p <0.05); there was no main effect for
either pervasive influence of feelings (§ = 0.03, SE=0.09, z=0.35, p =0.71) or pupil
dilation (B =0.16, SE=0.10, 7 =1.62, p =0.10). Findings indicate that those lower in
pervasive influence of feelings show improvements in response inhibition performance on
trials in which they experience higher arousal, as measured by pupil dilation.

For the model including lack of follow-through, the interaction between lack of follow-
through and pupil dilation was not significant in relation to response inhibition accuracy (B
=0.05, SE =010, z=0.44, p =0.65), nor was the main effect significant for either lack of
follow-through (B =0.18, SE=0.11, 7 =1.70, p =0.08) or pupil dilation (B =0.08, SE=
0.10, z=0.83, p =0.41).
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DISCUSSION

Because self-reported emotion-related impulsivity is related to psychopathology and poor
psychological outcomes, it is important to understand the processes underlying that
impulsivity. Expanding on prior evidence of an association between emotion-related
impulsivity and poor response inhibition (Cyders & Coskunpinar, 2012), the present study
assessed within-subject trial-level response inhibition performance. We tested the interaction
of emotion-related impulsivity with dynamic shifts in trial-level arousal, as measured by
pupil dilation, on subsequent response inhibition. We did not find associations between
emotion-related impulsivity and overall performance on the response inhibition task (i.e.,
independent of arousal). However, as predicted, we found a significant interaction between
emotion-related impulsivity and arousal, as measured by changes in pupil dilation, in
predicting trial- level accuracy on the response inhibition task.

The obtained results support our primary hypothesis that emotion-related impulsivity would
interact with arousal to predict trial-level performance on the response inhibition task. The
two emotion-relevant impulsivity factors, feelings trigger action and pervasive influence of
feelings, but not the general impulsivity factor, lack of follow-through, interacted with pupil
diameter during the prior trial to predict accuracy on the subsequent trial. The combination
of higher emotion- related impulsivity and higher arousal was associated with decline in
response inhibition on the next trial. These findings suggest higher arousal causes
differential effects on response inhibition, such that those higher in emotion-related
impulsivity show slightly reduced accuracy while those lower in emotion-related impulsivity
show improved accuracy. It is important to acknowledge that these effects appear to be
driven by improved response inhibition ability for those with lower levels of emotion-related
impulsivity. These findings are consistent with recent meta-analytic evidence suggesting
arousal improves behavioral response inhibition in nonclinical populations (Shields, Sazma,
& Yonelinas, 2016). In other words, although it is normative for arousal to enhance response
inhibition, arousal does not assist those with higher levels of emotion-related impulsivity.
This could help to explain their loss of control during high arousal states. Of import, these
findings also demonstrate discriminant validity, given that the model with the impulsivity
factor lack of follow-through did not show this effect. These models suggest arousal induces
differentiated effects for response inhibition that may serve as a mechanism for emotion-
related impulsivity, but not for nonemotion-related impulsivity.

It is important to acknowledge that the only effect we observed for response inhibition with
impulsivity was within the context of the more carefully controlled within-subject analyses
of dynamic shifts in arousal. The lack of relationship between emotion-related impulsivity
and overall response inhibition performance corresponds with a growing literature
suggesting that this relationship may only emerge consistently in those with clinically
elevated levels of emotion-related impulsivity. For example, in a meta-analysis, the
relationship between emotion-related impulsivity and response inhibition was more
pronounced in clinical samples (Cyders & Coskunpinar, 2011; Johnson et. al, 2016). Prior
work in a larger sample of undergraduates found a curvilinear, rather than linear, relationship
between emotion-related impulsivity and response inhibition ability (Johnson et al., 2016).
Although we considered curvilinear effects in our sample, our undergraduate sample may
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not have experienced sufficiently high levels of emotion-related impulsivity to detect these
effects. An alternative explanation could be that our sample did not exhibit sufficiently high
levels of arousal overall to detect a relationship between aggregated antisaccade accuracy
and emotion-related impulsivity. Our mood induction procedures were meant to foster
modest increases in positive affect, which may not involve sufficient arousal to drive an
overall decay in response inhibition ability for those with high levels of emotion-related
impulsivity.

This study is not without its limitations. First, only a subset of our sample had manipulation
checks to validate successful mood induction. Therefore, we cannot verify whether all
participants experienced a positive mood state. Second, it is possible that pupil dilation is
impacted by cognitive effort (Steinhauer & Hakerem, 1992). Although our results are
consistent with the interpretation that pupil dilation is driven by arousal, future research
should consider additional physiological indicators of arousal to investigate this alternative
explanation. Third, in the current study, we employed a positive mood induction and did not
test the effects of negative mood inductions. We believe these results would replicate across
positive and negative mood inductions because (a) emotion-related impulsivity emerges
across positive and negative emotions, and (b) pupillometry is a sensitive measure of arousal
that responds to both positive and negative emotions (Babiker, Faye, & Malik, 2013).
Nonetheless, there is a need for research that tests the generalizability of this effect across
valence. Finally, in addition to determining whether these effects generalize across emotion
states, it is important to determine whether the effects generalize across response inhibition
tasks or other measures of executive function.

While this study is limited by including only a positive mood induction, we believe that
these results support the model that those high in emotion-related impulsivity experience
high arousal-induced changes in cognitive control. The emergence of these effects in the
context of positive affect strengthen the claim that arousal may serve a primary function in
eliciting impulsive responses to emotion. Items on the pervasive influence of feelings
subscale tend to reflect impulsivity in response to primarily negative emaotions, and yet we
observed effects of arousal with this subscale. This supports the model that arousal rather
than valence may be the precipitator of changes in cognitive control leading to impulsive
thought and behaviors.

This study is one of the best tests to date assessing a dominant model to explain how
emotion-related impulsivity emerges. Our results suggest that emotion-related impulsivity is
related to arousal-induced decays in response inhibition. This study is one of the first to
consider fluctuations of arousal within persons and response inhibition performance for
those high in emotion-related impulsivity. These findings offer important clinical
implications and future directions. Specifically, the central role of arousal in eliciting decays
in response inhibition suggests that interventions targeting high arousal states or targeting
cognitive control while in a high arousal state may be the most effective at treating emotion-
related impulsivity. Future research is needed to better understand the mechanisms of
emotion-related impulsivity and to determine the clinical utility of interventions aimed at
improving these mechanisms.
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Interaction between arousal, assessed as pupil dilation, and feelings trigger action predicting

trial-level antisaccade accuracy
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Interaction between arousal, assessed as pupil dilation, and pervasive influence of feelings

predicting trial-level antisaccade accuracy
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