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Abstract

Many forms of psychopathology are tied to a heightened tendency to respond impulsively to 

strong emotions, and this tendency, in turn, is closely tied to problems with cognitive control. The 

goal of the present study was to test whether a two-week, six-session cognitive control training 

program is efficacious in reducing emotion-related impulsivity. Participants (N = 52) reporting 

elevated scores on an emotion-related impulsivity measure completed cognitive control training 

targeting working memory and response inhibition. A subset of participants were randomized to a 

waitlist control group. Impulsivity, emotion regulation, and performance on near and far-transfer 

cognitive tasks were assessed at baseline and after completion of training. Emotion-related 

impulsivity declined significantly from pre-training to post-training and at two- week follow-up; 

improvements were not observed in the waitlist control group. A decrease in brooding rumination 

and an increase in reappraisal were also observed. Participants showed significant improvements 

on trained versions of the working memory and inhibition tasks as well as improvements on an 

inhibition transfer task. In sum, these preliminary findings show that cognitive training appears to 

be well-tolerated for people with significant emotion-driven impulsivity. Results provide 

preliminary support for the efficacy of cognitive training interventions as a way to reduce emotion-

related impulsivity.
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Impulsive responses to strong emotions are increasingly recognized as a common feature of 

many diverse forms of psychopathology (Johnson, Carver, & Joormann, 2013). The concept 

of a distinct emotion-related type of impulsivity began in large part with the publication of 

Whiteside and colleagues’ (2005) influential model of impulsivity, which differentiated 

Negative Urgency (the tendency to act impulsively in negative mood states) from other 

forms of impulsivity. This model has since been extended to include Positive Urgency, or 
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tendencies toward impulsive reactions to positive mood (Cyders et al., 2007). More recently, 

researchers have suggested that Positive and Negative Urgency may not be truly distinct 

factors, but instead may be grouped together into a general feature of emotion-related 

impulsivity (Carver, Johnson, Joormann, Kim, & Nam, 2011).

Various indices of emotion-related impulsivity (ERI) are robustly correlated with a range of 

symptoms, problematic behaviors, and clinical diagnoses. A recent meta-analysis of more 

than 40,000 individuals found that compared to other aspects of impulsivity, Urgency was 

the strongest predictor of every psychopathology or symptom group studied, including 

anxiety, depression, eating disorders, aggression, borderline personality traits, suicidality 

and non-suicidal self-injury (Berg, Latzman, Bliwise, & Lilienfeld, 2015). ERI is also 

elevated in many psychiatric disorders, including bipolar disorder (Muhtadie, Johnson, 

Carver, Gotlib, & Ketter, 2014) and major depressive disorder in remission (Carver, Johnson, 

& Joormann, 2013), and several longitudinal studies show that ERI can predict the onset and 

course of psychopathologies (e.g., Riley, Combs, Jordan, & Smith, 2015; Smith, Guller, & 

Zapolski, 2013).

A growing body of theory and research has focused on mechanisms that might contribute to 

ERI. At a conceptual level, multiple theories state that impulsivity, including ERI, might be 

best understood within the context of two-mode models (Carver, Johnson, & Joormann, 

2008). These models describe how the tendency to react impulsively during strong emotions 

is shaped by the relationship between a bottom-up, reflexive, system (such as automatically 

initiating responses without deliberation) and a top-down, reflective system (including 

cognitive control mechanisms). Consistent with two-mode models, empirical evidence 

indicates that deficits in top-down cognitive control overlap substantially with many 

behavioral conceptualizations of impulsivity (Sharma, Markon, & Clark, 2014). Cognitive 

control circuitry implicated in impulsivity is also involved in emotion regulation: for 

example, successful use of the emotion regulation strategy of reappraisal is linked to 

engagement of dorsolateral prefrontal cortex (dlPFC; Buhle et al., 2014), while weakened 

dlPFC activation is linked to impulsivity (Figner et al., 2010). In sum, converging evidence 

supports a two-mode view of impulsive behavior.

Drawing from this two-mode model, Carver and colleagues developed a factor-analytically 

derived composite measure of impulsivity, which included a factor specific to impulsive 

speech and behavior in response to emotion—“Feelings Trigger Action” (FTA). The FTA 

measure includes items from the Negative and Positive Urgency scales, as well as additional 

items measuring reflexive responses to emotions (Carver et al., 2011). FTA scores have been 

associated with many dimensions of psychopathology (Johnson et al., 2013) and diagnoses 

(Carver et al., 2013). Given its broad applicability to outcomes and its inclusion of items 

from two well-validated impulsivity scales, the FTA measure was used as the primary 

outcome variable in this study.

Impulsivity is Related to Cognitive Control Deficits

A growing body of empirical research suggests that different forms of impulsivity can be 

tied to deficits in cognitive control, including response inhibition (the ability to withhold or 
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cancel a behavioral response; Bari & Robbins, 2013) and working memory (WM; the 

capacity to briefly store, update, and monitor information; Wesley & Bickel, 2014). Beyond 

impulsivity, response inhibition and WM deficits are found in many forms of 

psychopathology (Snyder, Miyake, & Hankin, 2015). Thus, cognitive control deficits in 

response inhibition and WM are two common factors linking psychopathology and 

impulsivity.

There is also strong evidence that these same cognitive control deficits are important 

components of ERI in particular. Both the Negative and Positive Urgency measures have 

been linked to poor performance on response inhibition tasks in multiple studies (Cyders & 

Coskunpinar, 2011; Johnson, Tharp, Peckham, Sanchez, & Carver, 2016). In contrast, direct 

evidence linking ERI to deficits in WM has been mixed. The lack of a clear relationship 

between these two constructs is surprising, given that WM capacity is thought to be an 

important component of the ability to use strategies such as reappraisal to regulate emotions 

(Schmeichel, Volokhov, & Demaree, 2008). Results of one recent study found evidence that 

weaknesses in WM may indirectly play a role in the expression of ERI, showing that 

Negative Urgency was related to inhibition deficits only in the context of low WM capacity 

(Gunn & Finn, 2015). However, WM weaknesses also directly correlated with negative 

urgency in this study. Taken together, these results indicate a role for both WM and response 

inhibition as potential mechanisms underlying ERI.

Given the extensive evidence for cognitive control deficits underlying impulsivity, we 

hypothesized that remediating cognitive deficits would yield changes in ERI. Although 

researchers have not tested the ability of cognitive training to shift ERI per se, several have 

considered effects of cognitive training on behaviors relevant to impulse control. 

Researchers have used modified response inhibition paradigms to train inhibition of 

disorder-specific cues, with results supporting the efficacy of these interventions in reducing 

drinking behavior (Houben, Nederkoorn, Wiers, & Jansen, 2011), and high-calorie food 

consumption (Houben & Jansen, 2011). A smaller number of studies have tested whether 

training basic inhibitory control, rather than inhibition to specific cues, can help reduce 

impulsivity-related behaviors. Some evidence supports this hypothesis, with effects of 

inhibition training on risky decision making on a gambling task (Verbruggen, Adams, & 

Chambers, 2012), reduced alcohol consumption (Jones et al., 2011), and more efficient 

emotion regulation at the neural level (Beauchamp, Kahn, & Berkman, 2016). Taken 

together, these findings suggest the merit of considering general response inhibition training 

for ERI.

In addition to response inhibition, three lines of work suggest the potential of WM training 

for reducing ERI. First, at the neural level of analysis, WM plays a role in inhibition itself: a 

meta-analysis of neuroimaging studies shows that WM resources support successful 

response inhibition when more complex inhibition tasks are used (Simmonds, Pekar, & 

Mostofsky, 2008). Similarly, another meta-analysis finds that complex versions of response 

inhibition tasks recruit many of the same neural regions as WM tasks, including dlPFC 

(Criaud & Bolinguez, 2013). Second, WM training alone has been found to reduce 

impulsive choice in adults with stimulant abuse disorders (Bickel, Yi, Landes, Hill, & 

Baxter, 2011) and to reduce alcohol consumption (Houben, Wiers, & Jansen, 2011). Third, 
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several studies have used WM training to improve emotion regulation in mood disorders. In 

these studies, cognitive training included an adaptive Paced Auditory Serial Addition Task 

(PASAT), a computerized auditory WM task. Use of this task has been shown to enhance 

cognitive control via selective activation of dlPFC (Price, Paul, Schneider, & Siegle, 2013) 

and to reduce brooding rumination, a maladaptive emotion regulation strategy (Siegle, 

Ghinassi, & Thase, 2007; Siegle et al., 2014). These studies demonstrate that training basic 

cognition can enhance control over emotional responses, suggesting that similar training 

could be helpful for ERI.

In sum, evidence supports a role for response inhibition in influencing ERI, and a role for 

WM in either supporting inhibition or directly influencing impulsivity and related outcomes. 

Intriguingly, effects of WM training and inhibition training are relatively domain-specific, 

with evidence showing that inhibition training does not lead to improvements in WM, and 

vice versa (Maraver, Bajo, & Gomez-Ariza, 2016). Given these findings, one goal of this 

study was to conjointly train response inhibition and WM in order to maximize the effects of 

two hypothetical mechanisms of change.

Aims and Hypotheses

The goal of this study was to test whether a combined cognitive control training intervention 

comprising both response inhibition and WM could reduce ERI. We hypothesized that the 

intervention would reduce ERI and improve response inhibition and WM. We also 

hypothesized that training would lead to “near transfer” (changes in performance on non- 

adaptive versions of training tasks) and “far transfer” (changes in performance on unrelated 

WM and inhibition tasks). At a broader level, we hypothesized that training would reduce 

rumination, and would improve reappraisal, given evidence linking WM capacity with 

reappraisal ability (Schmeichel et al., 2008). Consistent with the RDoC initiative (Insel et 

al., 2010), these aims were evaluated in a heterogeneous sample of individuals with high 

scores on an ERI measure (without regard to specific clinical diagnoses). Symptoms of 

psychopathology commonly associated with ERI were assessed to characterize the sample.

Method

All procedures were approved by the University Institutional Review Board. Participants 

were recruited through online advertising and flyers distributed to support groups and clinics 

for specific populations known to have difficulties with ERI. Additional participants 

included undergraduate students who received extra credit for participation in the study. 

Potential participants were directed to a website to complete an initial online consent form 

and the Feelings Trigger Action (FTA) impulsivity scale (described below). Those who 

obtained an FTA score of 92 or higher (corresponding to an average response of 3.5 on a 5-

point scale, one standard deviation above average scores in a validation sample [Carver et 

al., 2011]) were invited to complete a phone screen with a member of study staff. Exclusion 

criteria assessed during this call included age outside the study range (18-65); history of 

traumatic brain injury, brain tumor, or neurological disorders; acute suicidality, or psychotic 

symptoms. Participants who appeared eligible after the screening phone call were invited to 

attend an enrollment session.
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At the enrollment session, written informed consent was obtained and participants 

completed the Wechsler Test of Adult Reading (WTAR) to verify an estimated IQ score 

equal to or greater than 70 (all participants met this criterion). Participants also completed a 

brief interview to assess history of mental health treatment and self-reported diagnoses. 

Eligible participants were then randomized to the waitlist or no-waitlist condition. For those 

not randomized to the waitlist, the enrollment session included all baseline measures 

described below. Those randomized to the waitlist completed a limited set of questionnaires 

at the enrollment session before returning to complete baseline measures two weeks later. 

All measures were administered via computer, with the exception of the Digit Span and 

WTAR. Table 1 lists all measures, reliability of self-report scales (Cronbach’s α), and their 

administration timeline.

After completion of baseline measures, participants were scheduled for cognitive training. 

Training included six in-lab sessions, each including the adaptive PASAT WM task and 

adaptive Go/No-Go response inhibition task, in random order. Each training session lasted 

about 35 minutes. Sessions were scheduled based on participant availability, with the 

requirement that sessions were completed within two weeks. After the six training sessions, 

a post-training session was conducted that contained most of the same measures as the 

baseline session (see Table 1). Participants completed online questionnaires two weeks after 

the post-training session.

Measures

Wechsler Test of Adult Reading (WTAR; Wechsler, 2001)—The WTAR is a brief 

measure used to estimate intellectual functioning. Previous studies have found that the 

WTAR estimates of IQ are correlated between 0.73 and 0.75 with full-scale IQ scores 

(Wechsler, 2001).

Feelings Trigger Action scale (FTA; Carver et al., 2011)—The FTA scale was the 

primary screening measure for impulsivity and the chief outcome measure. The scale 

includes items rated from 1 to 5 including Positive Urgency (Cyders et al., 2007; 7 items), 

Negative Urgency (Whiteside et al., 2005; 12 items), and Reflexive Reactions to Feelings 

(Carver et al., 2011; 7 items). Analyses presented for the FTA are based on average response 

to the 26 items. As noted above, scores have been related to psychopathology and behavioral 

outcomes.

Ruminative Response Scale - Brooding subscale (RRS; Treynor, Gonzalez, & 
Nolen-Hoeksema, 2003)—The RRS Brooding Scale measures the tendency to 

repetitively think about negative affect in an unconstructive manner. This subscale has been 

identified as the RRS subscale of most relevance to psychopathology; in previous studies, 

the Brooding subscale has shown acceptable internal consistency (α= 0.77) and test-retest 

reliability (r = 0.62 over one year) (Treynor et al., 2003). Brooding was assessed at baseline, 

post-training, and follow-up.

Emotion Regulation Questionnaire Reappraisal Subscale (ERQ; Gross & 
John, 2003)—The ERQ Reappraisal scale consists of 6 items that have been widely used 
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and well- validated. Initial validation of this scale showed good internal consistency (α = 

0.79;) and test- retest reliability (r = 0.69 over three months; Gross & John, 2003). This scale 

was administered at baseline and at follow-up (rather than at the post-training session), to 

allow for sufficient time to test whether emotion regulation strategies changed following the 

full “dose” of the training intervention.

Borderline Symptom List-Short Form (BSL-23; Bohus et al., 2009)—The BSL-23 

assesses current (past week) symptoms of borderline personality disorder (BPD), rated on a 

0 (“Not At All”) to 4 (“Very Strong”) scale. It displays good psychometric properties 

(internal consistency: α = 0.94-0.97) and is sensitive to change in symptoms during 

treatment (Bohus et al., 2009). Symptoms of BPD have been strongly associated with 

Negative Urgency (Berg et al., 2015). As in some previous studies (e.g., Bohus et al., 2009), 

the BSL-23 was paired with a Visual Analogue Scale assessing global functioning on a scale 

of 0 to 100, as well as questions assessing the frequency of impulsive behaviors associated 

with BPD, including substance use and NSSI, rated on a 1 (“Not at All”) to 5 (“Daily or 

More Often”) scale for the past week.

Mood, Anxiety, and Stress Questionnaire-Short Form (MASQ-SF; Watson et 
al., 1995)—The MASQ-SF is a 62-item abbreviated version of the original MASQ, based 

on the tripartite model of depression and anxiety (Watson et al., 1995). This well-validated 

scale assesses current (past week) symptoms of depression and anxiety. It includes subscales 

of General Distress-Depression symptoms and General Distress-Anxiety symptoms, 

Anxious Arousal (e.g., physiological symptoms of anxiety), and Anhedonic Depression 

(e.g., lack of positive affect). Previous studies have linked ERI to anxiety and depression 

(Berg et al., 2015).

Alexian Brothers Urge to Self-Injure scale (ABUSI; Washburn, Juzwin, Styer, & 
Aldridge, 2010)—The ABUSI contains five items evaluating frequency and intensity of 

urges to engage in NSSI; initial validation work suggests that this scale has good reliability 

(α = .92 to 0.96) and validity, correlating with other established measures of suicidal 

ideation and self-harm (Washburn et al., 2010). ERI has been shown to predict the onset of 

NSSI (Riley et al., 2015).

Treatment expectancy and credibility—Participants completed items to assess beliefs 

about the rationality and perceived helpfulness of the cognitive training. Before the first 

training session, participants rated their expectations of cognitive training with three items 

on a 1 “(Not at All”) to 5 (“A lot”) scale, including the extent to which participants thought 

“these tasks will help to improve your self-control?,” “these tasks will help you to regulate 

emotions?,” and “How confident in your ability to do these tasks do you feel right now?”. 

After the training session, participants rated the perceived difficulty of tasks and the amount 

of effort they took to complete.

Measures of Near Transfer

Paced Auditory Serial Attention Task (PASAT; Gronwall, 1977; Siegle et al., 
2007)—The PASAT, a WM task that has been validated in previous cognitive training 
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studies, was used as a measure of near transfer of WM effects (Siegle et al., 2007; Siegle et 

al., 2014). Participants listened to numbers presented one at a time and were instructed to 

add each number to the previous number and then enter the correct answer by clicking the 

corresponding number. With each trial, participants added the most recent two numbers 

together. Numbers were presented every three seconds during one three-minute block. This 

version is non-adaptive, consistent with previous cognitive control studies that have used the 

PASAT as a measure of both training and near transfer (e.g., Hoorelbeke & Koster, 2017). 

Accuracy was evaluated based on the proportion of correct answers out of the total of 60 

trials.

Go/No-Go task—The Go/No-go task is a commonly-used response inhibition task. On 

each trial, participants are instructed to press a button in response to a certain letter (the 

“Go” stimulus) and to withhold responses to another letter (the “No-go” stimulus). Because 

most trials are “go” trials, the task measures the tendency to withhold an automatic response. 

The Go/No- Go task was used as a measure of near transfer for response inhibition. The task 

was programmed in E-Prime (version 2.0) and included three blocks, each consisting of 70 

“go” trials” and 30 “no-go” trials in random order. As in previous training studies, we used a 

“complex” Go/No-Go task that used varied letters as the “Go” and “No-Go” cues (T, X, O, 

E, I, S, A, M, and H), with the “No-Go” letter changing with each new block (similar to 

Chavan and colleagues (2015). Stimuli were presented for 200ms; on Go trials, responses 

were considered correct if participants responded within 1500. Feedback (“Right!” or 

“XXX”) was displayed for 1000ms following each trial. Each trial was separated with a 

fixation cross, with a duration jittered to randomly range from 500 to 1500ms in 100ms 

intervals. Accuracy was evaluated based on percentage of false alarms (“Go” responses to 

“No-Go” cues) and the reaction time to “Go” cues, consistent with other cognitive training 

research. Sensitivity (d’) and percentage of correct hits (correct “Go” responses) were also 

calculated. To calculate d’, the false alarm rate for no-go trials and hit rate for “go” trials 

were z-transformed, and the false alarm rate was subtracted from the hit rate (cf. Stanislaw 

& Todorov, 1999).

Measures of Far Transfer

Antisaccade task (Unsworth, Schrock, & Engle, 2004)—The antisaccade task, a 

well-validated measure of response inhibition and a correlate of positive urgency (Johnson et 

al., 2016), was included as a measure of “far transfer” of inhibition training effects. This 

version of the task consisted of a 10-trial prosaccade practice block and a 40-trial 

antisaccade block. On each antisaccade trial, a cue is flashed on one side of the screen for 

100ms, and participants are instructed to look at the opposite side of the screen to identify a 

letter displayed for 100ms. Trials were separated by a fixation cross with a jittered ITI of 

200 to 2200ms. Trials were excluded if reaction times were greater than three standard 

deviations from the mean, resulting in elimination of 1.45% of antisaccade trials pretraining. 

Remaining trials were again subject to the same procedure, resulting in removal of an 

additional 0.47% of trials. At post-training, 1.25% of trials were removed on the first pass of 

cleaning and 0.67% on the second pass. Five participants were excluded from analyses 

because they achieved less than 50% accuracy on the prosaccade block at pre or post-

training.
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Digits Forward and Digits Backwards Task (Wechsler et al., 2008)—The Digits 

Forward and Backwards subtests from the Wechsler Adult Intelligence Scale-4th Edition 

were administered as a measure of short-term memory and WM capacity. This task is 

conceptually similar to the PASAT in that it involves briefly storing verbally-presented 

numbers in short-term memory. Several previous studies using versions of the digit span 

have reported working memory transfer effects following training (Elgamal, McKinnon, 

Ramakrishnan, Joffe, & MacQueen, 2007; Klingberg et al., 2005); deficits in digit span 

performance are also frequently observed in many clinical syndromes associated with 

emotion-relevant impulsivity (e.g., Bourne et al., 2013; Snyder, 2013). This task was 

included as a measure of “far transfer” of WM training effects.

Tasks Administered During Training

Adaptive PASAT (Siegle et al., 2007)—The adaptive PASAT is identical to the baseline 

PASAT, with the exception being that in the adaptive version, the inter-stimulus interval 

increases or decreases across trials based on participant performance. The inter-stimulus 

interval (ISI) begins at 3000 msc and increases by 100 msc after four incorrect responses, or 

decreases by 100 msc after four correct responses. Training consisted of three 5-minute 

blocks, for a total of 15 minutes. The DV for the adaptive PASAT was the median ISI per 

training day.

Adaptive Go/No-Go—The adaptive Go/No-Go task is identical to the Go/No-Go task 

given at baseline, with the exception that the response time window for Go responses varied 

based on performance, with an increasing response “deadline” for incorrect trials and 

decreasing deadline for correct trials (Benikos et al., 2013a; 2013b). The goal of these 

adaptations is to keep task difficulty at a moderate level, considered optimal for training 

(Benikos et al., 2013b). Responses to Go trials were initially marked as accurate if the 

participant responded within 300ms of stimulus onset. After each correct “go” response, the 

deadline for accurate responses was decreased by 25ms; following an incorrect Go response 

(no response, or a response outside of the deadline), the deadline was increased by 25ms. 

The minimum deadline possible was 50ms and the maximum was 1000ms. At each training 

session, participants completed three 5-minute blocks, with a different No-Go stimulus for 

each block. At the end of each block, a feedback screen showed the false alarm rate for that 

block. The dependent variable for the Go/No-Go task was the average false alarm rate per 

training day over all three blocks.

Analysis Plan

Before conducting analyses, all study variables were graphed and checked for normality. To 

test relationships between variables at baseline and across training, chi-square tests and 

Pearson correlations were used for dichotomous and continuous variables, respectively. 

Repeated measures ANOVA were used to test change in FTA scores during the waitlist, 

performance on adaptive training tasks during training, and change in performance on the 

non-adaptive versions of the training task; where sphericity was violated in these analyses, 

Greenhouse-Geisser corrected statistics are presented. Paired t-tests were used to test within-

subjects change in other study variables from pre to post-training, with Cohen’s dz used to 

index effect size.
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Results

The FTA scale was administered to 926 adults; of those who completed the survey, 221 were 

potentially eligible on the basis of their high score on the FTA measure, and 110 of these 

provided contact information and were screened by phone (see Figure 1). 63 were found to 

be eligible during the brief phone screening and were scheduled for randomization into the 

main study. Eleven of these participants did not attend their enrollment session, resulting in a 

final sample of 52 participants. Table 2 shows relevant demographic and clinical variables 

for the 52 participants, as well as the subsample of 39 individuals who completed the study.

Baseline values for key study variables are presented in Table 3. FTA scores were 

significantly correlated with brooding rumination scores at baseline, r = .52, p < .01. FTA 

scores were not significantly correlated with any other baseline variables. By design, FTA 

scores were constricted to the upper range of this scale; therefore, correlations comparing 

the FTA to other measures should be interpreted cautiously given the limited strength of 

these analyses. FTA scores did not differ between men and women, t(44) = 1.62, p = .11, nor 

between those taking psychiatric medication vs. those who were not, t(44) = 1.66, p = .11.

Most participants reported a history of mental health treatment, and more than 40% reported 

a history of work or school-related disability related to mental illness. Undergraduate 

students (n = 19) did not differ from community participants (n = 33) on any measure, 

including MASQ scales (ps > .24); the BSL behavioral supplement (ps > .16); self-injury 

urges, t(45) = - .37, p = .71; substance use, ps > .60, nor baseline FTA scores, t(44) = 1.63, p 
= .11. As Table 2 shows, rates of current symptoms on any specific scale were low; given the 

restricted range, further analyses of symptoms are not reported.

As shown in Figure 1, some (25%) participants dropped out of the study, resulting in 39 

completers. Participants who completed the study attended an average of 5.49 days of 

training (SD = 0.92 days). 92.3% of participants completed the baseline measures and at 

least one cognitive training session, allowing for an analysis of factors influencing dropout. 

Non- completers did not differ from completers on demographic variables (ps > .10), FTA 

score (p = .88), use of psychiatric medications (p = .25), performance on cognitive tasks (ps 

> .14), substance use (ps > .23), or Anhedonic Depression scores, p = .08. Non-completers, 

however, were more likely to endorse a history of psychiatric hospitalizations (χ2(1) = 4.14, 

p = .04), and they obtained higher scores on MASQ scales of General Distress-Depression, 

t(45) = 2.31, p = .03, Anxious Arousal, t(45) = 2.65, p = .01, and General Distress-Anxiety, 

t(45) = 2.00, p = .05); the BSL-23, t(44) = 3.20, p = .003, and reported lower quality of life, 

t(20.54) = 2.82, p = .01.

Pilot Phase and Waitlist Analyses

To pilot test treatment feasibility and acceptability, the first ten participants were 

automatically enrolled in the non-waitlist condition. Seven of these ten participants 

successfully completed the study; one did not attend their enrollment session. One dropped 

out after three training sessions but returned to complete the post-treatment questionnaires, 

and one was lost to follow-up after two training sessions. Based on the treatment expectancy 

and credibility measure, participants (n = 9) found the training to be moderately challenging 
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(M = 3.33, SD = 0.50), used a high amount of effort to complete the tasks (M = 4.44, SD = 

0.73), and felt relatively confident in their ability to complete the training tasks (M = 3.44, 

SD = 1.13). Based on this feedback, the pilot phase was concluded and all following 

participants were randomly assigned.

Twenty-eight participants were enrolled to the non-waitlist condition and 24 were enrolled to 

the waitlist. Individuals on the waitlist began the active training phase an average of 36.5 

days (SD = 24.25) after they were screened with the FTA measure as compared to a 24.25- 

day (SD = 21.06) average time in the non-waitlist condition. Thus, individuals allocated to 

the waitlist had an average additional wait time of 12.32 days, in comparison to the average 

14.63 (SD = 2.3) days that non-waitlist participants spent on the training tasks. To evaluate 

whether ERI changed during the waitlist period in comparison to those who received the 

cognitive training program, a 2 (Time: pre/post waitlist as compared to pre/post training for 

the non-waitlist) × 2 (Condition: waitlist, training) repeated measures ANOVA was 

conducted with FTA score as the DV (Figure 2). In this analysis, the “pre” timepoint was the 

FTA screening score. Results showed a significant main effect of Time, F(1, 39) = 23.79, p 
< .001, partial η2= .38, qualified by a Time × Condition interaction, F(1, 39) = 11.74, p = .

001, partial η2= .23. Follow up dependent t-tests showed that FTA scores did not 

significantly change during the waitlist period, t(18) = 1.16, p = .26, but scores declined 

significantly from screening to post-training in the training group, t(22) = 5.50, p < .001. 

Given that the waitlist period was not associated with significant changes in ERI, individuals 

on the waitlist were combined with the remainder of the sample for all analyses of pre- and 

post-training measures.

Analyses of Hypotheses

Change in performance on adaptive training tasks—Repeated-measures ANOVAs 

with training day as the repeated measure were computed for the adaptive PASAT and 

Go/No-Go tasks, to test whether performance improved on the performance-adaptive 

training tasks. For these analyses, the first five days of training were used (n = 32), as only 

25 participants completed six training sessions (results were parallel when analyses were 

restricted to participants who completed all days). Accuracy on the adaptive PASAT 

significantly improved during training, F(1.94, 64.13) = 51.03, p < .001, partial η2= 0.61. 

Similarly, false alarm rate on the adaptive Go/No-Go decreased significantly across training, 

F(2.29, 73.23) = 5.30, p < .01, partial η2 = 0.14.

Change in emotion-related impulsivity—As shown in Table 3, a paired t-test of FTA 

scores showed a significant decrease from baseline to post-training. To test the hypothesis 

that decreases in impulsivity would persist after the training period had ended, an ANOVA 

including the 30 individuals who completed the FTA at baseline, post-training and follow-up 

showed a significant main effect of time, F(2, 58) = 13.88, p < .001, partial η2= 0.32; post-

hoc contrasts showed that FTA scores significantly decreased from post-training to the 

follow-up in this group, F(1, 29) = 4.14, p = .05.

Pearson correlations were used to test whether treatment expectancy or change in 

performance on cognitive control tasks were related to the observed change in FTA scores 
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(post- pre) during training. Change in FTA score was not significantly correlated with 

change in non- adaptive PASAT accuracy, r(36) = −.06, p = .73, nor to change in non-

adaptive Go/No-Go accuracy, r(36) = −.13, p = .46. Greater belief that the training would 

improve self-control (r = - .30, p = .08) or emotion regulation (r = −.27, p = .11) was not 

significantly correlated with a larger decrease in FTA scores.

Change in performance on near transfer tasks

A 2 (Time: pre, post) by 2 (Task: non-adaptive PASAT, non-adaptive Go/No-Go) ANOVA 

with task accuracy as the dependent variable was used to test whether performance improved 

on non-adaptive versions of the two cognitive training tests from pre- to post- intervention. 

Results showed a significant main effect of Time, F(1, 38) = 43.14, p < .001, partial η2= 

0.53; a significant main effect of Task, F(1, 38) = 16.95, p < .001, partial η2 = 0.31; and a 

significant Time × Task interaction, F(1, 38) = 70.6, p < .001, partial η2= 0.65. As shown in 

Table 3, post-hoc paired t-tests showed that performance on the non-adaptive PASAT 

significantly improved, while accuracy on the non-adaptive Go/No-Go actually declined 

slightly (an increased false alarm rate)., Other Go/No-Go performance indices revealed no 

evidence of proximal transfer effects: average reaction times to Go trials decreased 

significantly, t(38) = 6.85, p < .001, Cohen’s dz = 1.10, butthere were no significant training-

related changes in hit rate (p = .51) nor changes in sensitivity (d’, p = 0.99).

Change in performance on far transfer tasks—Paired t-tests showed that participants 

did not show significant improvement on WM performance (longest digit span recalled) 

from pre- to post-training of the Digit Span task (see Table 3). Improvements on the PASAT 

were not significantly correlated with improvements on the Forward Digit Span, r(38) = −.

07, p = .68 or the Reverse Digit Span, r(38) = .21, p = .21. However, as Table 3 shows, 

participants did show improved accuracy on the antisaccade task, an index of transfer of 

response inhibition, from pre- to post-training. Improvements on the antisaccade task were 

not significantly correlated with improvements on the Go/NoGo task, r(28) = .20, p = .31.

Change in emotion regulation—As hypothesized, brooding rumination decreased 

significantly from baseline to post-training (Table 3) and continued to decrease from post- 

training to the follow-up, dependent t(30) = 2.24, p = .03, Cohen’s dz = .40. Lower brooding 

scores at post-training were marginally but not significantly correlated with improvements 

on the PASAT, r = −.27, p = .09 and were not correlated with changes in Go/No-Go 

accuracy, r = −.22, p = .18. Reappraisal significantly increased from pre-training to follow-

up (Table 3). Follow-up reappraisal scores were not significantly correlated with 

improvements on the PASAT, r = .07, p = .71, nor on the Go/NoGo, r = −.02, p = .92.

Discussion

Emotion-related impulsivity (ERI) is robustly tied to many forms of psychopathology and to 

other behavioral problems such as aggression and substance use. To the best of our 

knowledge, this study provides the first test of a cognitive training intervention as a way to 

target ERI. Results provided initial evidence that cognitive control training consisting of 

WM and response inhibition training was feasible and efficacious in reducing ERI, and that 
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the training was associated with improvements in emotion regulation. This preliminary study 

represents the first step towards developing an intervention for ERI that could eventually be 

implemented in samples with greater clinical severity.

In terms of feasibility, we found that highly impulsive people would take part in a frequent 

and relatively demanding in-person cognitive training program involving six sessions over 

two weeks. Most participants completed at least four sessions and many completed all six 

sessions, showing that this intensive program was well-tolerated. Of concern, however, 

people who endorsed more symptoms of depression, anxiety, and borderline personality 

traits were less likely to complete the intervention, even though other symptom and 

cognitive factors did not predict attrition. Integration of training with motivational support 

may be necessary to prevent attrition for those with high levels of these symptoms.

Beyond feasibility, participants who completed the intervention reported a significant 

decrease in ERI. In contrast, ERI scores did not significantly decline during the waitlist 

period, which suggests that some component of the cognitive training intervention 

influenced the observed decrease in impulsivity. The absence of an active control condition 

limits our ability to decipher which aspect of training might have contributed to the decrease 

in ERI. The possibility that demand characteristics influenced outcome cannot be excluded, 

given that participants were recruited on the basis of self-rated problems in ERI and were 

aware of the study’s focus on impulsivity. Belief that training would improve self-control 

was marginally but not significantly correlated with change in impulsivity, suggesting that 

attitudes about the intervention could be responsible for some degree of change. These 

findings are consistent with other studies showing a relationship between motivation and 

training outcome (e.g., Maraver et al., 2016).

Although our sample was recruited from the community, most participants reported having 

received a mental health diagnosis, and more than 40% reported that their symptoms had led 

to a school or work-related disability. Nonetheless, symptom rates for any given condition 

were low, and it will be important to understand how findings can be applied in clinical 

settings. Beyond the present study, experimental tests of novel interventions to reduce ERI 

are ongoing (for example, Weiss et al., 2015), but there are no targeted treatments for ERI 

currently available to patients. Psychosocial treatments provide strategies for managing 

impulsive responses to emotion, including components of Dialectical Behavior Therapy. The 

present findings suggest that targeted cognitive training could be a feasible component of 

interventions. Future studies could test cognitive training alongside more established 

psychosocial interventions for managing emotions.

In addition to changes in ERI, participants who completed the training demonstrated 

significant improvements in two domains of emotion regulation: a decrease in brooding 

rumination and an increase in reappraisal. The decrease in rumination replicates findings 

that have shown similar effects of PASAT training in clinically depressed and non-clinical 

samples (Hoorelbeke, Koster, Demeyer, Loeys, & Vanderhasselt, 2016; Hoorelbeke & 

Koster, 2017; Siegle et al., 2007; 2014). The present study extends these findings to 

individuals with high ERI.
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Participants also reported a significant increase in use of reappraisal, an emotion regulation 

strategy that is robustly associated with clinical and health benefits (e.g., Gross & John, 

2003). Of note, one recent cognitive training study found no evidence of change in 

reappraisal following training on the PASAT alone (Hoorelbeke et al., 2016). Taken together 

with the present finding, it is possible that the additional training in response inhibition 

provided in the current study is important to increased use of reappraisal. Inhibition has been 

identified as an important mechanism underlying cognitive reappraisal (Ochsner et al., 

2004); moreover, there is evidence that inhibition training leads to more efficient neural 

activation during emotion regulation tasks (Beauchamp et al., 2016). More studies are 

needed to examine how inhibition and WM training might separately or jointly contribute to 

reappraisal improvement. As the current study assessed reappraisal at follow-up but not at 

the end of the training protocol, another unanswered question is the rate at which reappraisal 

changes in the context of cognitive training. Future studies could include more frequent 

assessment of emotion regulation to parse this process.

Another key goal of the study was to examine potential cognitive mechanisms underlying 

change in ERI. Participants who completed the training demonstrated significant 

improvements on the training tasks, and a significant and large improvement in WM 

performance on a near- transfer task (the non-adaptive PASAT), consistent with prior 

findings. Nonetheless, the intervention was not associated with significantly improved WM 

performance on a far transfer task (Digit Span). This could reflect a ceiling effect on the 8-

digit Digit Span task, as participants at baseline remembered a mean of nearly seven digits 

(Forward span) and more than 5 digits (Backwards). Alternatively, it is possible that 

participants improved on the PASAT due to factors other than WM. In particular, the PASAT 

is a more stressful task than the digit span task, and has even been used to induce acute 

stress (Brown et al., 2002)—thus PASAT improvements may reflect an improved ability to 

complete a stressful task rather than WM improvement. Future studies would do well to 

include a WM task that more closely mirrors the type of memory training practiced in the 

PASAT, such as an N-back or similar task, to assess WM transfer effects. In sum, people 

who struggle with ERI improved their ability to perform a demanding cognitive task that 

taps WM resources, but it is unclear whether this training generalizes to broader gains in 

WM.

On the Go/No-Go measure of response inhibition, participants showed an unexpected 

increase in inhibition failures (false alarms), despite showing a decrease in false alarms on 

the adaptive version used during training. It is possible that participants’ increased false 

alarm rate on the Go/No-Go task was affected by fatigue, as this task was the last to be 

administered during the post-training session. Alternatively, the increased error rate could 

reflect difficulty habituating to a non-performance adaptive version of this task after two 

weeks of training with performance-adaptive measures that calibrated response time-

deadlines to participants’ performance. Regarding far transfer of response inhibition, there 

was clear evidence of improved inhibition on the antisaccade task. Although one might 

wonder if this reflected practice effects, performance on the antisaccade task has been shown 

to be relatively stable over time (Klein & Fischer, 2005). In sum, findings regarding 

response inhibition indicated that despite a lack of gains on the nonadaptive Go/No-Go task, 

Peckham and Johnson Page 13

Behav Res Ther. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



highly impulsive individuals improved their ability to inhibit responses on both an adaptive 

training task and on a conceptually similar transfer task.

Despite improvements on measures of impulsivity, emotion regulation, and cognitive 

control, several limitations are apparent. One concern is our limited evidence that the 

improvements in cognitive control explain the observed declines in impulsivity. That is, 

because we relied on a waitlist control rather than a control that involved sham training, 

expectancies and other variables could help explain the shift in impulsivity. Indeed, shifts in 

cognitive control did not robustly predict declines in impulsivity, and we were underpowered 

to identify mediators of change through multivariate models or to compare the wait list 

control to the active treatment. Testing mechanisms of change was also thwarted by the 

relatively restricted range of initial FTA scores. Another limitation was the lack of ability to 

consider psychopathology outcomes. Previous studies of cognitive control training have 

successfully integrated training programs into clinical settings (e.g., Siegle et al., 2014), so 

one future goal is to test the efficacy of training programs for emotion-relevant impulsivity 

in treatment-seeking samples. Studies conducted in clinical settings could also assess the 

degree to which exposure to specific treatment modalities, such as cognitive therapy, may 

moderate the effects of cognitive training on ERI and emotion regulation outcomes. Finally, 

for these future studies, researchers could consider using different stimuli for assessments as 

compared to training, as using the same stimuli at training and assessment sessions could 

have inadvertently resulted in additional training in the present study.

Notwithstanding limitations, the positive findings here warrant future investigation. In such 

work, a goal would be to more directly disentangle how working memory training and 

inhibition training independently impact impulsivity (compared to a combined approach), 

whether working memory gains can moderate the effects of inhibition training, and how 

behavioral shifts correspond to changes in putative neural mechanisms of impulsivity and 

cognitive control. Each of these future goals could benefit from the inclusion of a more 

active control condition, such as sham training. Future studies could also consider testing 

alternative mechanisms, within the domain of cognitive control or more broadly, that might 

support observed change in impulsivity in the training paradigm. An untested hypothesis is 

that practicing response inhibition and WM strategies allowed some participants to better 

control their responses to emotion in daily life and that this improved control over emotional 

reactivity is the active ingredient driving change in emotion-relevant impulsivity. This is a 

hypothesis for future studies as we did not test cognitive control during heightened 

emotional arousal, either in the lab or daily life, as part of this study. Another question for 

future study is to evaluate whether the gains in this study can be replicated in real-life 

environments. Beyond delivery within a clinical setting, many participants asked whether 

they could take the intervention home at the end of the study. Thus, studies could test if 

cognitive training for impulsivity could be integrated into internet-delivered interventions.

In sum, these findings suggest that cognitive control training may be efficacious in reducing 

ERI. ERI was reduced after a brief cognitive training intervention aimed at enhancing 

cognitive control, and people who struggle with ERI showed improvements in two aspects of 

emotion regulation after just two weeks of practice with a cognitive training program. Future 
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research is needed to better understand the mechanisms and potential clinical utility of 

cognitive training for impulsivity.
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Highlights

• People with high emotion-related impulsivity completed cognitive training.

• Emotion-related impulsivity significantly decreased during cognitive training.

• Impulsivity did not significantly change in a waitlist control condition.

• Transfer effects were observed on a response inhibition task.

• Transfer effects were not observed on a working memory task.
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Figure 1. CONSORT Diagram of Study Enrollment
Note. *The first 10 participants were automatically enrolled in the pilot phase; the remainder 

were randomly assigned. “Received Intervention” indicates that participant completed at 

least one full training session. Not all participants completed the target dose of 6 sessions 

(see Results).
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Figure 2. Change in Feelings Trigger Action scores in the Waitlist and Intervention Conditions
Note. Time 1: Screening; Time 2: Post-Waitlist (waitlist), Post-Training (Intervention). n = 

19 (waitlist), n =22 (intervention). Error bars = +/- 1 SE.
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Table 2

Baseline Sample Characteristics: Demographic and Clinical Variables.

Full Sample
N = 52

Mean (SD) or %

Study Completers
n = 39

Mean (SD) or %

Age 32.17 (14.67) 31.97 (14.82)

Years of education 15.27 (1.44) 15.46 (1.34)

Percent female 67.3 69.2

Race

 Caucasian 57.7 64.1

 African American 1.9 0

 Asian American/Pacific Islander 21.1 20.5

 More than one race 19.2 15.4

Percent Hispanic/Latino/a 11.5 12.8

Current undergraduate student 36.5 41

Full-time work or full-time student 73.1 74.4

Visited mental health professional past month 50 48.7

Taking psychiatric medication(s) 40.4 35.9

History of mental health treatment 82.7 79.5

History of psychiatric hospitalization 25 17.9

Ever dropped out of school/dropped class due to symptoms 44.2 41

Ever left a job due to symptoms 29.4 26.3

WTAR Standard Score 111.35 (12.04) 112.77 (11.94)

Treatment Expectancy #1: Self-Control 3.09 (.80) 3.08 (0.78)

Treatment Expectancy #2: Emo. Regulation 2.89 (.95) 2.95 (0.9)

Borderline Symptom List-23 (BSL-23) .50 (.46) .40 (.40)

BSL-23 Overall Functioning 61.13 (23.36) 64.54 (23.99)

BSL % NSSI Past Week .04 .06

BSL % Used Drugs in Past Week 34.8 32.4

MASQ General Distress-Depression 28.89 (11.17) 27.03 (10.94)

MASQ General Distress-Anxiety 24.38 (7.02) 23.35 (6.89)

MASQ Anhedonic Depression 63.43 (16.95) 61.19 (16.77)

MASQ Anxious Arousal 25.92 (9.27) 24.17 (8.22)

ABUSI 2.34 (3.91) 2.03 (3.50)

Note: WTAR = Wechsler Test of Adult Reading; MASQ= Mood and Anxiety Symptom Questionnaire; ABUSI=Alexian Brothers Urge to Self-
Injure Scale. For full sample, n = 47 for Treatment Expectancy #1, BSL-23, STAB, MASQ,. & ABUSI; n = 46 for Treatment Expectancy #2 and 
BSL-Overall Functioning. For Completers, n = 37 for ABUSI, BSL, and MASQ.
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