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Laboratory method to induce state boredom increases impulsive choice in 
people who use cocaine and controls
Thomas Chao a, McWelling Todmanb, Richard W. Foltinc, Suzette M. Evans c, and Gillinder Bedi d

aInstitute of Mental Health, Department of Psychiatry, University of British Columbia, Vancouver, Canada; bDepartment of Psychology, The 
New School for Social Research, New York, NY, USA; cDivision on Substance Use Disorders, New York State Psychiatric Institute, Department of 
Psychiatry, Columbia University Irving Medical Center, New York, NY, USA; dCentre for Youth Mental Health, The University of Melbourne and 
Substance Use Research Group, Melbourne, Orygen, Australia

ABSTRACT
Background: Impulsive choice is associated with both cocaine use and relapse. Little is known 
about the influence of transient states on impulsive choice in people who use cocaine (PWUC).
Objective: This study investigated the direct effects of induced boredom on impulsive choice (i.e., 
temporal discounting) in PWUC relative to well-matched community controls.
Methods: Forty-one PWUC (≥1× cocaine use in past 3 months; 7 females) and 38 demographically 
matched controls (5 females) underwent two experimental conditions in counterbalanced order. 
Temporal discounting was assessed immediately after a standardized boredom induction task 
(peg-turning) and a self-selected video watched for the same duration (non-boredom). Subjective 
mood state and perceived task characteristics were assessed at baseline, during experimental 
manipulations, and after the choice task.
Results: PWUC and controls were well matched on sex, age, and socioeconomic status. Groups were 
also similar in reported use of drugs other than cocaine, except for recent cigarette and alcohol use 
(PWUC > controls). As expected, peg-turning increased boredom in the sample overall, with higher 
boredom reported during peg-turning than the video (p < .001, η2

p = .20). Participants overall 
exhibited greater impulsive choice after boredom than non-boredom (p = .028, η2

p = .07), with 
no preferential effects in PWUC (p > .05, BF01 = 2.9).
Conclusion: Experimentally induced boredom increased state impulsivity irrespective of cocaine 
use status – in PWUC and carefully matched controls – suggesting a broad link between boredom 
and impulsive choice. This is the first study to show that transient boredom directly increases 
impulsive choice. Data support a viable laboratory method to further parse the effects of boredom 
on impulsive choice.
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Introduction

Cocaine is among the most commonly used illicit drugs 
globally (1). Of the fewer than 15% of people with 
cocaine use disorder in the United States who receive 
treatment (2), nearly half will drop out of treatment (3), 
with one-third estimated to relapse within their 
first year (4). Without efficacious pharmacotherapies 
for cocaine use disorder (5), it continues to pose major 
public health concerns. In 2017, 20% of all fatal over-
doses involved cocaine, with more than a quarter of 
those having no opioid co-involvement (6). Moreover, 
the total number of overdose deaths involving cocaine 
increased in recent years (7). A better understanding of 
the neurobehavioral mechanisms underpinning cocaine 
use is needed to guide more efficacious interventions to 
prevent these poor outcomes.

Cocaine use disorder often takes a chronic, relapsing 
course. Regular use is linked with atypical function and 
structure in reward processing and decision-making 
neural systems (8–10), which in turn predict treatment 
outcomes (11). Behaviorally, cocaine use is reliably asso-
ciated with impulsivity, and specifically with impulsive 
choice in “delay discounting” paradigms (12–14). Delay 
discounting is the tendency to choose smaller, immediate 
rewards over larger delayed rewards, where the perceived 
value of rewards depreciates with the length of delay to 
receive them (15). Impulsive choice is both a vulnerability 
for the onset of substance use and a factor contributing to 
the maintenance of problematic substance use (16–18).

While there are clinically relevant individual differ-
ences in impulsive choice (19), transient states also 
appear to alter choice preferences (20–22). Little is 
known about state effects on delay discounting in 
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relation to substance use. One ubiquitous but under-
studied state is boredom (23–25). Growing recent 
research has highlighted boredom as a risk factor for 
drug use, including the use of cocaine (26,27). To date, 
no studies have experimentally assessed the mechanisms 
by which boredom might influence the use of drugs.

Boredom is an aversive emotion arising from failure 
to focus attention in ways necessary to derive enjoy-
ment/satisfaction from an activity (28,29). Boredom 
requires mental constraint, or the feeling of being psy-
chologically “trapped in” by an activity (30). Boredom is 
studied as both a trait (the propensity for boredom) and 
a state (a transient affective condition). Boredom is 
linked phenomenologically to anhedonia, apathy, and 
depression, but is also empirically distinct (31), invol-
ving (1) under- or over-stimulation (2), distraction by 
extraneous thoughts (28), (3) perceived slowing of time, 
and (4) a decreased sense of self-agency (32).

Boredom is associated with mental ill-health (33–36), 
and with cocaine use (37–40). For example, adolescents 
who use drugs to alleviate boredom have elevated risk 
for future cocaine use (41). Among adults who use 
drugs, frequent boredom is also linked to cocaine use 
(26). Furthermore, experience-sampling data show that 
cocaine use is often preceded by state boredom, even 
without increased craving (27).

Converging evidence also links boredom with impul-
sivity (42). Adults high on trait boredom report more 
impulsive behaviors (43) and exhibit greater difficulty 
inhibiting responses (i.e., antisaccadic eye movement) 
(44) relative to those low on trait boredom. Elevated 
boredom is also common in conditions with core defi-
cits in impulse control (e.g., gambling, binge eating) 
(33,45–48). One study reported that individuals with 
high trait boredom make more impulsive decisions on 
the Experiential Discounting Task, a state-sensitive 
impulsivity assay (EDT) (49). The EDT also differenti-
ates people who use drugs from controls and predicts 
drug use severity and treatment outcomes (50,51). 
Together, findings suggest that boredom may increase 
impulsive choice, potentially increasing the risk for sub-
stance use.

Despite links between boredom, impulsive choice, 
and substance use suggesting that impulsive choice 
may mechanistically link boredom and substance use, 
no study has directly assessed the effects of boredom as 
a state on impulsive choice or whether this relationship 
exists preferentially in people who use drugs. We inves-
tigated the effects of laboratory-induced boredom on 
impulsive choice among people who use cocaine 
(PWUC) relative to demographically matched controls. 
We hypothesized that (1) state boredom would increase 
impulsive choice overall (2); PWUC would experience 

more boredom than controls after the boredom induc-
tion; and (3) PWUC would show greater impulsive 
choice after boredom than non-boredom compared to 
controls.

Methods

Participants

Participants were 18- to 60-year-old male and non- 
pregnant female PWUC and controls, fluent in English 
and recruited from a broader study addressing separate 
hypotheses (see 52) at the New York State Psychiatric 
Institute.

Participants were excluded if they (1) had DSM-5 
(53) disorders requiring medical or psychological inter-
vention, except specific phobias and major depressive 
disorder, (2) were taking medication likely to interfere 
with the study, (3) had a history of intellectual or neu-
rodevelopmental disorder, e.g., attention-deficit/hyper-
activity disorder or autism spectrum disorder, or (4) had 
uncorrected visual or auditory deficits, or any inability 
to comply with study requirements.

People who use cocaine
PWUC had to report past 3-month use of snorted or 
smoked cocaine. They were excluded if they (1): had 
DSM-5 (53) current severe substance use disorder 
(SUD), except cocaine, nicotine, or caffeine. Use of 
alcohol and cannabis was permitted for a more repre-
sentative sample, given high rates of alcohol and canna-
bis use in PWUC (54,55).

Controls (CTRLs)
CTRLs had (1) ≤10 lifetime cocaine use occasions, (2) 
no history of ever using cocaine weekly, and (3) no use 
within the past year. Occasional past cocaine use was 
accepted because individuals who are well matched to 
PWUC often report cocaine use on isolated occasions 
(56,57). They were excluded if they had DSM-5 (53) 
current severe SUD, except nicotine or caffeine. 
CTRLs reporting cannabis, tobacco, and alcohol use 
were included to better match PWUC. CTRLs were 
stringently matched by sex, age, and socioeconomic 
status. Although rarely controlled for in past research, 
socioeconomic status predicts clinically relevant out-
comes, including cocaine overdose (58).

Experimental protocol

Written informed consent was obtained in accordance 
with procedures approved by the New York State 
Psychiatric Institute Institutional Review Board.
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Participants underwent 2–3 screening visits in the 
broader study from which we recruited (52), including 
psychiatric interview and neuropsychological assessments 
by a doctoral- or masters-level clinician. DSM-5 psychia-
tric and neurodevelopmental disorders were assessed using 
the MINI 7.0 (59) and SCID-5 supplementary modules 
(60). Drug use assessed via structured interviews and self- 
reports were verified with urine toxicology, breath alcohol 
(Select S80, BACTrack, San Francisco, CA), and carbon 
monoxide (BreathCO Monitor, Vitalograph, Lexington, 
SC) tests completed across screening sessions. For the 
larger study, participants were required to pass a consent 
quiz and score ≥5th percentile on ≥2 of the following tests: 
WRAT4 Word Reading (61), WAIS-IV Vocabulary, and 
WAIS-IV Block Design (62). After completing the larger 
study (comprising 1–2 laboratory sessions), participants 
were offered the opportunity to participate in the current 
single session study. They were instructed to abstain from 
medication and cannabis for ≥24 hrs and drugs except 
caffeine and nicotine for ≥3 days before the session. On 
testing day, participants had to test negative for substances 
including cocaine and alcohol, and, for females, pregnancy 
(Alere hCG Dipstick, Alere, Orlando, FL). If participants” 
urine was positive for THC, carbon monoxide readings 
confirmed no cannabis smoking within at least 12 hours of 
testing. After arrival, cigarette smokers could smoke one 
cigarette before testing to reduce potential nicotine with-
drawal effects (63). Sessions were scheduled in the after-
noon to control for circadian variations.

The experiment was a between/within design compris-
ing two counterbalanced within-subjects conditions 
(boredom, non-boredom) during the outpatient session. 
Experimental conditions were programmed to run auto-
matically using Inquisit Lab 5 (Millisecond, Seattle, 
Washington). Conditions were separated by a 1-hour 
break (to limit carry-over effects of either condition). 
Participants were given an iPad preloaded with television 
shows and games and were asked to stay in the laboratory 
for the full break. Participants underwent training imme-
diately before the experiment and had to demonstrate 
they understood the tasks to proceed. Participants were 
then left and monitored continuously from an observa-
tion suite. Self-reports were completed at the end of the 
session. Participants were compensated $31 for complet-
ing the session and an additional $10–$15 in earnings 
chosen randomly from one of the conditions (i.e., earn-
ings from the EDT in either boredom or non-boredom).

Measures

Computerized tasks
Boredom condition: Peg Turning Task (PTT). The PTT 
is a 15-minute computerized adaption of the peg- 

turning task from investigations of cognitive dissonance 
(64). It is the most effective method for eliciting bore-
dom relative to four other validated techniques (65). 
Introduced as an attention task, the monitor presented 
a 4 × 2 matrix of green peg icons. Instructions were to 
fully rotate pegs (360°) by clicking each peg four times, 
one after another, for 15 minutes. Mouse clicks were 
timestamped and analyzed as a proxy fors effort 
(Figures S1 and 2).

Non-boredom condition: Video Task (VT). A 15-min 
video was self-selected from a list of 17 television shows 
(e.g., BBC Planet Earth) (65). Given potentially blunted 
reward sensitivity for non-drug stimuli in PWUC (66), 
this method was used to facilitate interest by alleviating 
a key condition for boredom – psychological constraint 
(67,68).

Experiential discounting task. The EDT (69) is 
a temporal discounting task capable of assaying state 
impulsive choice during acute experimental manipula-
tions (69–71). Unlike traditional discounting tasks, EDT 
uses real delays, accumulating monetary earnings over 
a series of smaller sums (e.g., $0.30 in 14 seconds or 
$0.09 now). Principal component analysis classifies the 
EDT as a measure of behavioral temporal discounting in 
PWUC and controls (50). It has been found to yield 
a steeper hyperbolic decay function (indicating greater 
discounting) in PWUC relative to controls (72). The 
EDT was administered twice, immediately after the 
PTT and the VT. EDT procedures are described in 
Smits et al. (49). The EDT yields an indifference point 
(IP) at each of its four non-intermixed blocks or length 
of delay (0 s, 7 s, 14 s, 28 s). Area under the curve (AUC) 
of IPs was computed as the primary EDT outcome 
(73,74). Smaller AUCs reflect greater discounting.

Subjective affect and task ratings. Ratings were made 
on computerized 100 mm visual analog scales (VAS;  
75), from “Not at all” to “Extremely.” Affect was rated 
using the prompt “I FEEL . . .” and six adjectives 
(“bored,” “anxious,” “annoyed,” “amused,” “pleasant,” 
and “interested”) administered at baseline, 10 min into 
the VT/PTT, and post-EDT. VAS were measured during 
(at 10 min) rather than after the VT/PTT to prevent loss 
of induced-boredom effects before the EDT. Six adjec-
tives describing task qualities (“boring,” “anxiety- 
provoking,” “tedious,” “amusing,” “enjoyable,” and 
“interesting”) were rated in response to: “The Task 
is . . .” at 10 min VT/PT and post-EDT (there were no 
assigned tasks during baseline). Similar procedures have 
been used previously (76). Evidence indicates that bore-
dom can be accurately self-reported (77). Outcomes for 
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subjective affect and task ratings other than boredom 
are reported in the supplemental material (Figure S3).

Self-report measures
Boredom. The Boredom Proneness Scale (BPS; 78) is 
a 28-item measure of trait boredom. BPS has a three- 
factor structure: attention, interest, and restlessness 
(79), probing behavioral traits and situations where 
boredom is likely experienced. The Boredom 
Susceptibility Scale (BSS; 80) is a 10-item subscale of 
Zuckerman’s Sensation Seeking Scale-V (see 80) asses-
sing trait boredom. The BPS and BSS assess partially 
overlapping components of trait boredom (81–85). 
Higher scores indicate greater trait boredom. Trait 
boredom was measured as a potential confound in the 
relationship between group, state boredom, and impul-
sive choice. Because retrospective state boredom was 
not a focus, outcomes for an additional State Boredom 
Measure (30) are reported in the supplemental material 
(Tables S1 and S2).

Drug use. The 30-day Timeline Followback (TLFB; 86) 
and a structured interview assessed recent drug use. The 
TLFB is a valid and reliable method for collecting retro-
spective drug-use data. An 11-item pattern of cocaine 
use questionnaire (PUQ; 87,88) was administered to 
PWUC. Five items probed frequency, monetary costs, 
and time spent on cocaine. Six VAS items measured 
functioning and mood following a typical cocaine use/ 
binge. Higher scores indicate more severe patterns of 
cocaine use.

Data analysis

We retained partial data from two male PWUC who 
withdrew during the session: one reported that the 
experiment was “too boring” and the other left for an 
emergency. EDT data from two male CTRLs and one 
male PWUC were lost due to computer malfunction.

EDT IPs were normalized by dividing performance 
across all blocks by the first block (see (69)) separately 
for each condition. Because normalization exaggerated 
some outliers (e.g., one IP was >20× baseline), all outlier 
IPs were truncated to reduce the risk of bias before 
calculating AUCs (i.e., overrepresenting IPs at later 
delays) (89). Isolated univariate outliers were identified 
(|z-scores|>3.29) and truncated to one increment above 
or below the closest non-outlier value (90). Pre- 
truncated data were retained if there were no outcome 
differences with truncated versus non-truncated data.

Cannabis use was standardized based on 1 “blunt” =  
2 “joints” (91), and alcohol was assessed as the number 
of standard drinks (92). Chi-square and independent 

samples t-tests compared demographics, psychiatric 
symptoms, and drug use between groups. 3 × 2 × 2 
mixed ANOVAs were conducted on subjective affects, 
with time (baseline, 10 min PTT/VT, and post-EDTs) 
and condition (boredom, video) as within-subject fac-
tors and group (PWUC, CTRL) as between-subject fac-
tor. To assess perceived characteristics of tasks 
separately, task ratings were analyzed for each timepoint 
using 2 × 2ANOVAs, with condition as within-subject 
factor (PTT versus VT; boredom EDT versus non- 
boredom EDT) and group as the between-subject factor. 
2 × 2 ANOVAs assessed EDT AUCs with condition as 
the within subject factor and group as the between- 
subject factor. Lastly, correlations were performed to 
assess, on an exploratory basis, the relationship between 
discounting under the boredom condition and patterns 
of cocaine use.

Because ANOVAs and t-tests are relatively robust 
to violations of normality when not due to outliers, 
non-normal data were retained (93). Alpha was .05 for 
all omnibus analyses. Greenhouse Geisser degrees of 
freedom were interpreted where Mauchly’s test indi-
cated violation of sphericity and Levene’s adjusted 
degrees of freedom where equal variance could not 
be assumed. Interactions were followed using simple 
main effects and post-hoc pairwise comparisons with 
Bonferroni adjusted p-values. Effect sizes are pre-
sented as partial eta squared (η2

p) or Cohen’s d. We 
used Bayes factor (BF01), reflecting likelihood esti-
mates of the null over alternative hypothesis 
(PWUC≠CTRLS), to probe nonsignificant results 
(94,95). Main effects of time and simple effects across 
time are presented in the supplemental material. 
Analyses were conducted using SPSS 22 (Version 22, 
IBM, Armonk, NY) and Jamovi (Version 1.8, The 
Jamovi Project, www.jamovi.org).

Results

Participants

Table 1 presents group demographics. Groups were well 
matched on age, education, and socioeconomic status. 
More PWUC were non-Hispanic, and PWUC endorsed 
more ADHD symptoms than CTRLs (p’s < .01). BPS 
and BSS did not differ between groups (p’s > .05; BF01  

= 1.8 and 4.2); trait boredom was excluded from subse-
quent analyses.

Table 2 presents substance use data. Groups were 
similar in current ≥weekly use of cannabis and alcohol, 
and daily cigarette smoking; however, CTRL who 
smoked cigarettes reported more cigarettes smoked 
daily than PWUC, and PWUC who reported past 

4 T. CHAO ET AL.

http://www.jamovi.org


month alcohol consumption reported more drinks con-
sumed than CTRLs (p’s < .05).

Effects of boredom condition and cocaine use status 
on boredom

Subjective boredom
There were main effects of time (p < .001) and condition 
(F1,74 = 9.3, p = .003, η2

p = .11) on boredom, with VAS 
“bored” overall higher in the boredom than the non- 
boredom condition. There was a condition by time 
interaction on boredom (F1.8,132.9 = 19.1, p < .001, η2

p  
= .20), with “bored” higher during the PTT compared to 
the VT (p < .001; Figure 1). No main effect of group 
(BF01 = 2.4) or interaction of condition and group (BF01  

= 6.2) on subjective boredom was observed.

Task boredom
There was a main effect of condition on PTT/VT bore-
dom ratings (F1,72 = 29.1, p < .001, η2

p = .29), where PTT 
was rated overall as more “boring” than the VT. There 
was also a main effect of condition on EDT boredom 
(F1,72 = 7.7, p = .007, η2

p = .10), with the EDT rated more 
“boring” after the boredom induction than after the 
Video Task (Figure 2). No effect of group or interaction 
of condition and group on task boredom was observed 
(BF01 ranged 1.1–4.9).

Effects of boredom condition and cocaine use status 
on impulsive choice

There was a main effect of condition on EDT discount-
ing (F1,72 = 5.0, p = .028, η2

p = .07), with participants 

overall exhibiting more impulsive choice during the 
boredom than the non-boredom condition. No effects 
of group (BF01 = 2.8) or interactive effects of condition 
and group (BF01 = 2.5) on impulsive choice were 
observed.

Relationships between boredom-induced impulsive 
choice and cocaine use

In PWUC, discounting during boredom was positively 
correlated with eagerness to use/binge again after 
a binge (r = .37, p = .024). No other correlations between 

Table 1. Demographic characteristics.
PWUC n = 41 Controls n = 38

Female (n) 7 5
Race (n; Black/White/other) 32/8/1 26/9/3
Ethnicity (n; Hispanic/non-Hispanic) 4/37** 15/23
Age 47.5 ± 10.9 48.5 ± 8.7
Education (years) 13.6 ± 2.0 13.4 ± 1.2
BSMSS 31.2 ± 11.2 32.3 ± 10.1
Symptoms at testing
Depression: BDI-II 6.5 ± 7.5 3.4 ± 6.5
State Anxiety: STAI 30.0 ± 7.6 31.1 ± 9.0
Trait Anxiety: STAI 33.1 ± 8.3 33.3 ± 6.6
ADHD: SCID-5 3.9 ± 4.2** 1.42 ± 1.9
Trait Boredom
Boredom Proneness Scale 86.6 ± 18.1 80.4 ± 19.4
Boredom Susceptibility Scale 2.6 ± 1.8 2.5 ± 2.1

Data are means ± SD, except where otherwise specified. Despite 
a categorical diagnosis of attention deficit/hyperactivity disorder (ADHD) 
being a criterion for exclusion, participants had variable symptoms in the 
non-clinical range. PWUC = people who use cocaine; F = female; BDI-II =  
Beck Depression Inventory-II; BSMSS = Barratt Simplified Measure of Social 
Status; SCID-5 = Structured Clinical Interview for DSM-5 Disorders; STAI =  
State Trait Anxiety Inventory. 

**p < .01, PWUC different from controls.

Table 2. Substance use characteristics.
PWUC 
n = 41

Controls 
n = 38

Cocaine
Lifetime years ≥ weekly usea 22.8 ± 12.4 N/A
Current days/weeka 2.0 ± 1.7 N/A
Current ≥ weekly use (n)a 25 N/A

Snort/smoke/both (n)b 9/9/7 N/A
Days/weekb 2.9 ± 1.4 N/A
Street value/weekb $191.00 ± $208.18 N/A

TLFB any use past 30 days (n)a 34 N/A
Days use total past 30 daysc 5.0 ± 3.7 N/A
Street value total past 30 daysc $454.35 ± $711.70 N/A

Cannabis
Lifetime ≥ weekly use (n) 18 11
Current ≥ weekly use (n) 16 10

Days/weekb 2.9 ± 2.0 3.2 ± 1.8
TLFB any use past 30 days (n)a 15 13

Days use total past 30 daysc 6.1 ± 6.1 9.4 ± 8.4
“Joints” total past 30 daysc 23.6 ± 65.0 27.8 ± 36.6

Cigarettes
Current daily smoking (n) 28 20

Cigarettes/dayd 6.1 ± 4.3* 9.3 ± 4.3
Alcohol
Lifetime ≥ weekly drinking (n) 30 21
Current ≥ weekly drinking (n) 27 17

Days/weekb 4.0 ± 2.9 3.0 ± 1.5
Drinks/occasionb 6.8 ± 4.6 5.5 ± 2.8

TLFB any use past 30 days (n)a 28 26
Days total past 30 daysc 8.4 ± 6.9 5.3 ± 5.1
Drinks total past 30 daysc 31.4 ± 34.5* 13.8 ± 12.2

Amphetamine
TLFB any use past 30 days (n)a 1 0

Days total past 30 daysc 1 N/A
Street value total past 30 daysc $30.00 N/A

Ecstasy/“molly”
TLFB any use past 30 days (n)a 2 0

Days total past 30 daysc 1 N/A
“Tablets” total past 30 daysc 1 N/A

Heroin
TLFB any use past 30 days (n)a 1 0

Days total past 30 daysc 2 N/A
Street value total past 30 daysc $100.00 N/A

Data are means ± SD, except where otherwise specified. Substance use data 
were collected via structured clinical interview and self-report question-
naires. TLFB = 30-day Timeline Followback; N/A = Not Applicable; PWUC =  
people who use cocaine. 

*p < .05, PWUC different from controls. 
aPWUC: n = 40; control: n = 36, due to missing data. 
bData from those who reported ≥weekly cocaine, cannabis, or alcohol use in 

the past month. 
cData from those who reported past 30 days ≥ 1× cocaine, cannabis, alcohol, 

amphetamine, ecstasy/molly, or heroin use. 
dData from those who reported daily past month cigarette smoking.
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Figure 2. Task ratings as a function of condition x time. Data are means and standard errors. Asterisks indicate statistically significant 
differences between conditions at individual time points: *p < .05, **p < .01, and ***p < .001 are Bonferroni adjusted p-values. Tasks 
(peg-turning/video tasks, discounting tasks) during boredom were rated more negatively (top row) and less positively (bottom row) 
than their counterparts during non-boredom, except for ratings of the discounting task as “interesting” (BF01 = 1.3; see also 
supplemental material). PTT = Peg Turning Task; VT = Video Task; EDT = Experiential Discounting Task.

Figure 1. Subjective (state) boredom and other affective states as a function of time x condition. Data are means ± standard errors. 
Asterisks indicate statistically significant difference between conditions at individual time points: *p < .05 and ***p < .001 are 
Bonferroni adjusted p-values. Boredom/non-boredom tasks (peg-turning/video task) appear as light gray, with the impulsive choice 
task (EDT) in darker gray. The peg-turning task increased negative affect (top row) and decreased positive affect (bottom row) relative 
to the video task in the overall sample (see also supplemental material). PTT = Peg Turning Task; VT = Video Task; EDT = Experiential 
Discounting Task.
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boredom-induced discounting and cocaine use patterns 
were significant (all BF01 > 2.3).

Discussion

We examined the direct effects of experimentally 
induced boredom on impulsive choice in PWUC and 
matched controls. As hypothesized, the overall sample 
exhibited greater discounting during boredom than 
non-boredom. Conversely, we found no evidence that 
PWUC experienced greater boredom during the induc-
tion, nor that they had greater boredom-induced impul-
sivity compared to well-matched controls.

To our knowledge, we report the first experimental 
evidence that boredom causally increases impulsive 
choice. This is consistent with prior evidence that 
other affective states influence impulsive decision- 
making (21). While we did not find a preferential effect 
in PWUC, the general mechanistic link demonstrated 
between boredom and discounting has potential impli-
cations in conceptualization and treatment of proble-
matic use of cocaine and other substances. Our findings 
suggest that boredom may exacerbate the risk of drug 
use by increasing individual susceptibility to impulsive 
choices (e.g., drug use to alleviate or avoid boredom at 
the expense of longer-term personal goals) (96,97). 
Boredom is a common reason for relapse reported in 
PWUC (98,99). Our finding of boredom-induced dis-
counting – while not specific to PWUC – supports these 
reports of a link between boredom and relapse. A recent 
international Delphi consensus study identified dysre-
gulated decision-making as a key process in addiction 
(100), proposing that decision-making difficulties and 
associated neurobehavioral processes should be consid-
ered in the treatment of addiction (101). Our findings 
support a role for boredom in these processes, suggest-
ing that intervention strategies should also address 
boredom and its effects on choice.

At present, initiatives to target patient boredom favor 
broad approaches, such as modified behavioral activa-
tion (102) and patient-designed programming (103) to 
increase engagement and interest. However, no empiri-
cal data support the efficacy of these approaches to 
manage boredom in PWUC or other drugs. 
Interventions to reduce impulsive choice in PWUC 
and other stimulants are limited, although some positive 
signals have been observed for money management and 
working memory-focused training (104). Further 
research is needed to better characterize patient bore-
dom in treatment settings and to establish the efficacy of 
interventions to address both boredom and discounting, 
and the observed link between them.

In this study, we did not observe group differences in 
discounting (during non-boredom), a result that is 
inconsistent with prior reports that PWUC exhibit 
twice the EDT discounting rate of healthy controls 
(72). Two factors may have contributed to this differ-
ence. The earlier study assessed PWUC with cocaine use 
disorder, and their reported frequency of cocaine use 
was double the average in our sample. Thus, increased 
baseline discounting and/or a preferential boredom- 
related pattern of discounting might be limited to peo-
ple with cocaine use disorder, or more frequent use of 
cocaine. However, this is not supported by the lack of 
relationship observed between most cocaine-use vari-
ables and boredom-induced discounting in exploratory 
correlational analyses. The second possibility is that the 
control for potential confounds in our study – including 
matching for socio-economic status and limiting acute 
or residual effects of cocaine and other drugs – may 
have reduced between-group differences. Moreover, 
unlike other studies, trait boredom did not differ 
between PWUC and controls. Because trait boredom 
tends to decrease with age (105), the relatively older 
age of our sample may have further reduced potential 
differences in discounting. Irrespective of negative find-
ings on group differences, our findings suggest that 
impulsive choice remains a mechanism by which 
cocaine use (and other impulsive behaviors) could be 
precipitated via boredom.

Our findings highlight momentary states as impor-
tant risk factors to consider in the context of sub-
stance use. Affective states are thought to vary along 
three main dimensions: valence, intensity, and arousal 
(106). While experiences of the same affect (e.g., bore-
dom) can vary widely along these dimensions (107), 
some patterns for directionality have been shown to 
predict substance use and associated problems (108). 
Aversive states in general encourage motivational 
shifts and movement toward more desirable states, 
such as those associated with drug use. Given the 
relevance of subjective states, future work should con-
sider these transient states, such as boredom, to better 
understand the dynamics of substance-use behaviors 
and their maintenance over time.

As the first investigation of boredom-induced 
impulsive choice, this study is not without limitations. 
First, while we attempted to match groups as closely as 
possible, they differed on use of substances other than 
cocaine, with controls smoking more daily cigarettes 
than PWUC, and PWUC reporting higher current 
alcohol consumption than controls. Importantly, we 
found no correlations between these drug-use vari-
ables and the primary study outcomes. Second, 
cocaine users had higher ADHD symptoms than 
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controls, despite the exclusion of individuals who met 
criteria for ADHD. We did not control for ADHD 
symptoms because the difference was small and not 
clinically relevant. Moreover, ADHD appears to have 
little impact on boredom-related impulsive behaviors 
(109), and some behaviors associated with regular 
cocaine use can appear similar to ADHD (110). 
Third, cocaine craving was not assessed. We opted to 
assess broader patterns of cocaine use, given experi-
ence-sampling data suggests that craving is less rele-
vant to the link between transient boredom and 
cocaine use (27). Fourth, the manipulation tasks 
(PTT, VT) varied along several affective dimensions, 
in addition to boredom (see Supplemental informa-
tion). It is difficult to imagine how one could design 
a task that was sufficiently boring to affect decision- 
making, which did not simultaneously make partici-
pants feel less amused and more annoyed. Because of 
this, studies on boredom commonly involve compar-
isons of tasks that are nonequivalent across several 
affective dimensions (111). While we used similar 
methodology, our focus was on implementing 
a validated boredom technique and a comparison 
task tailored to minimize conditions known to cause 
boredom. Lastly, the sample was disproportionately 
male. Findings cannot speak to differences between 
male and female PWUC and may not be fully general-
izable to women who use cocaine. Future investigation 
of potential sex differences in the links between bore-
dom and impulsive choice is needed.

Conclusion

Limitations notwithstanding, this is the first study to 
demonstrate a viable method for studying the effects of 
experimentally induced boredom on impulsive choice. 
Results, which show that transient state boredom 
increases impulsive decision-making irrespective of 
cocaine use status, have several clinical implications. 
Findings support further investigation of state boredom 
as a precipitant of impulsive choice in PWUC and other 
groups who use substances.
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