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Abstract

BACKGROUND—Few effective treatment options exist for cannabis-using youth. This pilot 

study aimed to test Approach Avoidance Training to reduce cannabis use with non-treatment 

seeking adolescents.

METHODS—Eighty cannabis-using non-treatment-seeking adolescents (average age 19) were 

recruited from San Diego, California and Charleston, South Carolina, and randomized to complete 

either six sessions of Cannabis Approach Avoidance Task Training (CAAT-training) designed to 

reduce automatic approach biases for cannabis cues, or CAAT-sham training. Change in two 

primary outcome variables were examined: 1) cannabis approach bias and 2) percent cannabis use 

days over study enrollment. Change in percent alcohol use days over study enrollment was 

explored as a secondary outcome.

RESULTS—A mixed models repeated measures analysis confirmed the group by time interaction 

effect for approach bias failed to reach statistical significance (p=.06). Significant group by time 

interaction effects (ps<.05) predicted percent days of cannabis and alcohol use over study 

enrollment. Participants randomized to the avoid cannabis condition (CAAT-training) reported 7% 

less days of cannabis use compared to 0% change for sham; unexpectedly, those in the avoid 

cannabis condition reported 10% percent more alcohol use days compared to 3% more for sham.

CONCLUSIONS—Computerized cognitive bias modification paradigms may have utility in 

reducing adolescent cannabis use. Future work should consider developing a paradigm that 

addresses both cannabis and alcohol, as well as alternative computerized approaches for coping 

with addictive behavior in conjunction with bias modification.

ClinicalTrials.gov Identifier—NCT02723149

1. Introduction

Adolescent cannabis use has become a focus of societal attention in recent years due to 

increasing rates of daily use among adolescents in the United States combined with 

increased access to cannabis and decreased legal restrictions on its use (Johnston et al., 

2016). Cannabis use in adolescents is particularly concerning given its connection to altered 

brain development (Bava et al., 2013; Jacobus et al., 2009; Jacobus et al., 2015b; Jacobus et 

al., 2013) and vulnerability for future problematic substance use (Koob and Volkow, 2010; 
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Paus et al., 2008). Therefore, it is imperative to both understand the cognitive processes 

underlying cannabis use and addiction and to test novel behavioral interventions that target 

these underlying neural circuit vulnerabilities (Boyce and Lynne-Landsman, 2013).

Incentive-salience models of addictive behavior suggest that automatic cognitive biases, 

including approach bias, attentional bias, and implicit memory, result from repeated 

substance use and altered dopaminergic systems; over time, substance users unconsciously 

become more reactive to substance cues (Berridge, 2007; Stacy and Wiers, 2010). These 

biases towards drug cues are particularly problematic for adolescents, who tend to exhibit 

poorer executive/regulatory control contributing to greater alcohol and substance use 

behavior (Everitt and Robbins, 2013; Larsen et al., 2014; Lisdahl et al., 2013; Peeters et al., 

2013; Peeters et al., 2012; Thush et al., 2008).

Cognitive bias modification (CBM) is a growing area of addictions intervention research that 

aims to change maladaptive approach biases (i.e., automatic action tendencies to approach 

substance use cues) (Eberl et al., 2013, 2014; Wiers et al., 2011; Wiers et al., 2010); thereby 

diminishing use of the targeted substance (e.g., alcohol) (Eberl et al., 2013, 2014; Sharbanee 

et al., 2014; Wiers, C.E. et al., 2015a; Wiers et al., 2010) and potentially changing neural 

activation in reward-related brain regions (Wiers, C.E. et al., 2015a; Wiers, C.E. et al., 

2015b). CBM paradigms have demonstrated positive outcomes in the treatment of anxiety 

symptoms (Rinck et al., 2013; See et al., 2009; Taylor and Amir, 2012) and problematic 

alcohol use in particular (Gladwin et al., 2016; Manning et al., 2016). Yet, CBM research 

exclusive to cannabis use, particularly in adolescents and young adults, is only beginning to 

be explored in the current literature. No studies to date have explored CBM as an 

intervention for adolescent cannabis use (Cousijn et al., 2012a; Cousijn et al., 2011; Cousijn 

et al., 2013a; Cousijn et al., 2013b), although a proof-of-concept study was recently 

completed on adults who met criteria for cannabis use disorder (Sherman et al., 2018). 

Notably, research has shown that cannabis-using youth display approach biases for cannabis 

cues, and this bias may predict future cannabis use (Cousijn et al., 2012a). Young cannabis 

users may be in greater need of this kind of intervention, as regular cannabis use has been 

found to increase cognitive vulnerabilities in adolescents through neurodevelopmental 

structural alterations (Filbey et al., 2015; Jacobus et al., 2016; Jacobus et al., 2015a), 

changes in emotion and reward processing (Cousijn et al., 2012b; de Graaf et al., 2010), and 

the potential for habitual drug use and emergence of more severe psychopathology into 

young adulthood (Everitt and Robbins, 2013; Rubino and Parolaro, 2008).

Approach-Avoidance Training (AAT) is a computerized approach to CBM that focuses on 

modifying approach bias, or the impulse to approach rather than avoid a substance cue, 

which has been associated with drug use in multiple studies (Gladwin et al., 2016). In AAT, 

participants are instructed to either pull a joystick towards themselves or push it away based 

on image format (e.g., the color of the border surrounding the image). A contingency is 

introduced such that the image format directs the individual to push the joystick on the 

majority of trials when a substance cue is presented, and pull the joystick when a non-

substance cue is presented, thereby training the participant to “avoid” the targeted substance 

cue. This task has been successful in multiple trials with alcohol users by changing approach 

bias to avoid alcohol rather than approach it, as well as decreasing alcohol consumption 
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(Wiers et al., 2010). Promising findings have been reported in studies of community 

populations (Sharbanee et al., 2014), clinical alcohol-dependent populations (Eberl et al., 

2013, 2014; Wiers et al., 2011) and online interventions (Wiers, R.W. et al., 2015b), with 

reductions of up to 13% in alcohol relapse rates a full year after the training. In a proof-of-

concept trial using cannabis AAT (CAAT) in adults with cannabis use disorder (N=33), 

participants randomized to the CAAT-training versus CAAT-sham condition showed blunted 

cannabis cue-induced craving post-training (Sherman et al., 2018). While no change in 

approach bias was found, sex-related reductions in cannabis use were found; specifically, 

men receiving CAAT-training reported fewer cannabis use sessions per day compared to 

women, with no sex or cannabis use differences observed in the sham condition.

Randomized controlled trials are needed to better understand the effectiveness of AAT for 

adolescent cannabis use. Targeting known cognitive vulnerabilities underlying substance 

addiction (Gladwin et al., 2016; Koob and Volkow, 2010) may enhance traditional 

behavioral interventions that focus on changing motivation or beliefs pertaining to substance 

use (Hogue et al., 2014). This proof-of-concept study is the first to test the CAAT paradigm 

in a randomized controlled trial of N=80 non-treatment-seeking adolescents who were 

frequent cannabis users between the ages of 17–21 and sampled across two sites. We 

predicted that individuals randomized to CAAT-training would show a decreased automatic 

approach bias toward cannabis stimuli and report fewer percent days of cannabis use after 

six sessions of CAAT-training compared to those randomized to the CAAT-sham condition. 

Motivation to change cannabis use was hypothesized to be a moderator of training effects on 

cannabis use outcomes; higher motivation levels were hypothesized to be associated with a 

greater reduction in cannabis approach bias and cannabis use. As cannabis and alcohol are 

co-used at high rates, exploratory analyses examined if change in percent days of alcohol 

use differed as a function of treatment group.

2. Methods

2.1 Participants

Participants (N=80, ages 17–21) were non-treatment-seeking cannabis users recruited from 

two geographic locations, San Diego, California (n=39) and Charleston, South Carolina 

(n=41), and completed identical protocols. Participants were recruited from fliers at local 

high school and college campuses and through online media advertising and were 

compensated for their time and participation. Site visits by the Principal Investigators and 

weekly meetings ensured recruitment and protocol administration were equivalent across 

sites. The computer-delivered nature of the protocol also helped ensure standardization. 

Seven individuals did not complete the protocol [4 from University of California, San Diego 

(UCSD) and 3 from Medical University of South Carolina (MUSC)]; therefore n=73 

individuals completed the entire protocol, including 2 assessment and 6 training sessions. 

See Figure 1 for details regarding enrollment statistics and participants’ progress throughout 

the study. All individuals completing the in-person eligibility assessment after a pre-screen 

phone interview were enrolled in the study. Individuals with no history of cannabis use were 

not scheduled for an eligibility assessment. The study had institutional review board 
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approval from the University of California, San Diego (UCSD) and Medical University of 

South Carolina (MUSC).

Inclusion and exclusion criteria were identical across sites. All participants were required to 

be between ages 16–21 and report a pattern of at least weekly cannabis use (≥1 use per week 

for 52 weeks, on average) and were non-treatment-seeking. Exclusion criteria at both data 

collection sites included inadequate English language skills; history of learning disability, 

pervasive developmental disorder or other condition requiring special education; non-

correctable vision or hearing problems; history of serious medical problems that could affect 

brain development (as the MUSC site completed a neuroimaging substudy for all 

participants); major neurological problems and/or head trauma with loss of consciousness 

>10 minutes; prenatal exposure to alcohol (i.e., >2 drinks on an occasion or >4 drinks in a 

week) or any illicit drugs; premature birth weight (<5 lbs or born prior to 33 weeks 

gestation); use of other illicit substances (e.g., cocaine, methamphetamine) other than 

alcohol or cannabis > 100 times in the past year; and diagnosis of a current DSM-5 major 

psychiatric disorder (e.g., bipolar disorder, psychotic disorder).

2.2 Study Procedures

All adolescents (N=80) enrolled in the study were scheduled for an initial baseline 

assessment that collected background information, substance use history, substance use self-

report questionnaires (e.g., cannabis craving, problems, motivation to quit), mental health 

functioning, and baseline automatic action tendencies to approach cannabis. Participants 

were then randomized within each site to complete six sessions of CAAT-training or CAAT-

sham twice per week over the course of three weeks, and scheduled for a final appointment 

to re-assess approach bias (i.e., automatic actions tendencies to approach cannabis), and 

complete follow-up self-report substance use questionnaires. No other treatment was 

provided within the study.

2.3 Approach Bias Assessment and CAAT Intervention Conditions

2.3.1 Approach Bias Assessment—The approach bias computerized assessment task 

measured automatic approach tendencies toward cannabis stimuli before and after CAAT-

training or sham. Participants viewed 8 cannabis-related images and 8 neutral images (i.e., 

nature picture, stationary materials; see supplemental materials for cannabis and neutral 

image examples) (Cousijn et al., 2011), and were instructed to push or pull a joystick in 

response to the border color of the image presented on the computer screen (i.e., blue or 

yellow) (Derntl et al., 2011; Seidel et al., 2010) and not the content of the image itself. They 

were instructed to pull the joystick towards themselves when the border was yellow and to 

push the joystick away when the border was blue. When the participant pushed the joystick 

the picture zoomed out and when the subject pulled the joystick the picture zoomed in, 

which created the visual impression that the pictures were moving away or coming closer, 

respectively. In the assessment task, participants were required to make an equal number of 

approach (pull) and avoidance (push) movements to both cannabis and neutral stimuli. The 

task was comprised of two sets of 8 pairs of validated cannabis and neutral pictures (sets A 

and B), counterbalanced across participants to assess generalizability of training effects. For 

example, participants assessed at baseline and trained on set A pictures were assessed on set 
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B pictures post-intervention and vice versa. Each assessment block (either A or B, 

corresponding to assignment) comprised 192 total trials administered in two consecutive 

runs of 96 trials each with a short break in between: 8 pictures × 2 picture type (cannabis vs. 

neutral) × 2 border color (yellow vs. blue) × 3 repetitions × 2 runs. A brief practice (12 

trials) preceded the task and included one cannabis and one neutral image not encountered 

during assessment or training. At the initial assessment, this practice trial was completed to 

ensure the participant was able to correctly distinguish yellow and blue colors from each 

other, as they were asked to respond to the color of the border. The same practice trial was 

done before each assessment session to ensure the participants understood the instructions 

before completing the assessment. This joystick task has been used extensively to study 

automatic action tendencies in both substance use and anxiety disorders (Gladwin et al., 

2016; Kong et al., 2015; Rinck et al., 2013; Taylor and Amir, 2012; Wiers et al., 2011).

Reaction times were calculated based on the duration from the time the picture appeared on 

the screen to the time it disappeared. A cannabis approach bias score was computed by 

subtracting each participant’s median response latency for correct trials in the cannabis pull 

condition from his or her median response latency for correct trials in the corresponding 

cannabis push condition (i.e., cannabis push minus cannabis pull). A neutral image approach 

bias score was also computed (i.e., neutral image push minus neutral image pull). The 

primary outcome of interest, a comprehensive cannabis bias score, was calculated by 

subtracting the neutral image bias score from the cannabis image bias score (i.e., cannabis 

bias minus neutral image bias)(Wiers, C.E. et al., 2015b). Positive values indicate an 

approach bias (faster approach tendency) for cannabis cues whereas negative values indicate 

an avoidance bias.

2.3.2 CAAT Avoid Cannabis and CAAT-Sham Intervention Conditions—To 

modify automatic action tendencies to approach cannabis stimuli, the approach bias 

assessment was modified for the CAAT-training (i.e., avoid cannabis condition) such that the 

majority of cannabis pictures (92%) were presented in the push-format and 8% in the pull-

format, with reversed contingencies for neutral pictures; the overall number of push- and 

pull-trials each remained 50%. The CAAT-sham condition was identical to the CAAT-

training condition in every respect except there was no contingency between the presentation 

of cannabis stimuli and push vs. pull movements. Thus, participants were required to make 

an equal number of approach (pull) and avoidance (push) movements to both cannabis and 

neutral pictures. Each CAAT training or sham session comprised 384 trials administered in 

two consecutive runs of 192 trials each with a short break in between: 8 pictures × 2 picture 

type (cannabis vs. neutral) × 2 border color (yellow vs. blue) × 12 repetitions. The duration 

of each training session was approximately 15 minutes. All participants received identical 

computerized training tasks and standardized instructions for completing the tasks. A brief 

practice (12 trials) preceded the task and included one cannabis and one neutral image not 

encountered during training; this practice trial was done before each of the six training 

sessions to ensure the participants understood the instructions before completing the 

training.
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2.4 Substance Use Outcome Measures

2.4.1 Primary and Secondary Substance Use Outcome Measures—Changes in 

approach bias and percent cannabis use days from baseline to post treatment were the 

primary outcomes of interest. Change in alcohol use was also explored as a secondary 

outcome given the high prevalence rates in adolescents (Miech et al., 2017). The Timeline 

Followback (Sobell and Sobell, 1992) was given at baseline to assess percent substance use 

days in the 30 days prior to the first appointment in the study. The Timeline Followback was 

administered at each of the six training appointments and post treatment to monitor 

substance use during study participation. Percent use days were calculated by dividing the 

number of use days by the number of days enrolled in the study at post treatment 

(enrollment was equal to 21 days, on average). Substance use questions from the Customary 

Drinking and Drug Use Record (CDDR) were asked to identify age of onset of alcohol and 

cannabis use, and cumulative lifetime use for each class of illicit substances (Brown et al., 

1998).

2.4.2 Exploratory Outcome Measures—In line with research on cannabis 

interventions, we examined several stress and reward related symptoms (e.g., craving, 

withdrawal, etc.) (Koob and Volkow, 2010) that could impact the primary outcomes and 

change over study enrollment. Therefore, a series of self-report questionnaires were 

administered at baseline and post-treatment follow-up, including The Beck Depression 

Inventory-Second Edition (BDI-II) and Spielberger State Trait Anxiety Inventory (STAI) 

Trait scale (Beck et al., 1996; Spielberger et al., 1970). The Marijuana Ladder (score range 

1–10) and Stages of Change Readiness and Treatment Eagerness Scale (SOCRATES, score 

range 19–95) assessed motivation to change cannabis use (Miller and Tonigan, 1996; Slavet 

et al., 2006), with higher scores reflecting a desire for change; and the Self-Efficacy 

Questionnaire asked participants to rate their ability to resist the temptation to use cannabis 

in different situations (score range 1–7, higher scores relating to more confidence in their 

ability to resist using) (Steinberg et al., 2005; Stephens et al., 1994). Withdrawal, craving, 

and self-reported problems [Cannabis Withdrawal Scale (score range 0–190), Marijuana 

Craving Questionnaire-Short Form (score range 4–28), Marijuana Problems Scale (score 

range 0–38)] were assessed to identify any physiological and/or functional changes related 

to use (Allsop et al., 2011; Budney et al., 2001; Heishman et al., 2009; Rosenberg, 2009); 

higher scores on these scales represent more withdrawal and craving symptoms, and 

problems related to cannabis use. The Marijuana Effect Expectancy Questionnaire (MEEQ) 

provided a measure of appraisal on six subscales; this 48-item instrument asks participants 

to identify their beliefs about anticipated cannabis-related effects in several domains (e.g. 

relaxation/tension, cognitive/behavioral impairment)( (Schafer and Brown, 1991). MEEQ 

subscales can range from 5–50, and high scores reflect a high level of expectancy on the 

corresponding subscale. The Rutgers Alcohol Problem Index was utilized to assess at-risk 

drinking in the sample at baseline (White and Labouvie, 1989); scores range from 0–69 and 

higher scores indicate more reported drinking problems.
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2.5 Data Analysis

2.5.1. Demographic comparisons—Analysis of variance (ANOVA) and Chi-square 

tests evaluated differences between groups on demographic and substance use variables to 

characterize the sample.

2.5.2 Primary and secondary outcomes—All analyses were intent-to-treat such that 

any randomized participant was included in the statistical models (N=80). A linear mixed 

model analysis of repeated measures using maximum likelihood estimation was tested in 

IBM SPSS Statistics version 24 to examine the effects of treatment group status on two 

primary outcome measures including 1) cannabis approach bias post-treatment and 2) 

percent cannabis use days during treatment, as well as one secondary outcome measure, 1) 

percent alcohol use days during treatment. A linear mixed-effects model with a random 

intercept and slope was selected to account for repeated measures and data missing at 

random (West et al., 2007). Fixed factors included time (repeated measures effect), treatment 

group status (CAAT-training vs. CAAT-sham), and the group by time interaction effect. 

Baseline motivation to change scores (i.e., SOCRATES) were explored as a moderator based 

on the research literature and potential for motivation level to differ between groups (Feaster 

et al., 2011; Gladwin et al., 2016); therefore SOCRATES score and the corresponding 

interaction with treatment condition and time was entered in the model to examine predictive 

value for cannabis and alcohol use outcome variables. Only factors that demonstrated a 

significant effect were retained in the model. Post hoc comparisons of estimated marginal 

means were used to compare the effects of group status on cannabis use over time.

2.5.3 Exploratory Analysis—Analysis of variance (ANOVA) examined between group 

differences at baseline and post treatment on cannabis and alcohol use self-report 

questionnaires reported in Table 2. We also explored bivariate correlations between change 

in approach bias and change in primary and secondary outcome measures.

3. Results

3.1 Demographic and Substance Use Characteristics

Minimal baseline differences were observed between CAAT-training and CAAT-sham 

groups on demographic characteristics (Table 1) and exploratory outcome measures (Table 

2). However, significant between group differences at baseline were observed between 

percent cannabis days in the past 30 days (p=.02) and baseline SOCRATES score (p=.03). 

The CAAT-training group reported a greater percentage of cannabis use days driven 

primarily by between group differences at the UCSD site (p=.06); similarly, the CAAT-

training group reported higher SOCRATES scores (greater motivation to change), also 

driven by differences at the UCSD site (p=.03); therefore site and quantity of cannabis use 

reported 30 days prior to baseline (measured in number of episodes of cannabis use), in 

addition to SOCRATES score, were further explored as possible moderators when 

examining relationships between group and percent days of substance use at follow-up.
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3.2 Cannabis Approach Bias Tendencies

Examining the relationship between treatment group, time, and their interaction, the group 

by time interaction effect on comprehensive approach bias scores (cannabis image bias 

minus neutral image bias) did not reach statistical significance (p=.06). Findings suggest the 

experimental manipulation generated an anticipated small to medium sized reduction 

(Cohen’s dz = 0.42) in approach bias for cannabis cues for those randomized to the CAAT-

training condition, even though the effect failed to reach significance (p=.06). Table 3 

provides parameter estimates, significance levels, and confidence intervals, and suggests that 

change in cannabis approach bias slopes from baseline to post treatment is positive for 

CAAT-sham (i.e., an increased approach bias) and negative for CAAT-training (i.e., change 

to avoidance bias) (β=−22.62, SE=12.20, 95% CI: −46.92, 1.67, p=.06). Follow-up analyses 

examined approach bias for each cue type, although no significant effects were found when 

cue type was examined independently. For cannabis stimuli only, the CAAT-sham group 

showed a non-significant increase in their approach bias for cannabis stimuli, whereas the 

CAAT-training group demonstrated a non-significant change toward an avoidance bias (p=.

13). Minimal between group and within group differences were observed in approach biases 

for neutral cues, as both groups showed an avoidance bias at baseline and post treatment 

(ps>0.50).

3.3 Primary and Secondary Substance Use Outcomes

To test our hypothesis that participants randomized to the CAAT-training condition would 

report fewer percent cannabis use days during treatment, we examined the relationships 

between group, time, and SOCRATES score at baseline (motivation to change cannabis use 

behaviors). Table 4 presents parameter estimates, significance levels, and confidence 

intervals for the final significant model. We found a significant group by time interaction 

predicting percent cannabis use days over study enrollment (β=−8.96, SE=4.33, 95% CI: 

−17.58, −0.33, p=.04). SOCRATES score was not a significant predictor and/or moderator 

(ps>.80) and therefore was not retained in the final model. Treatment site and quantity of 

cannabis use reported in the 30 days prior to baseline (measured in number of episodes of 

cannabis use) were further explored as potential moderators, but did not significantly interact 

with treatment condition and/or time (ps=.54–.81) and therefore were not included in the 

final model. While individuals randomized to the CAAT-training condition reported more 

percent days of cannabis use at baseline, their percent days of cannabis use decreased over 

treatment; no change was observed in the sham group. Participants randomized to the avoid 

cannabis condition (CAAT-training) reported 7% less days of cannabis use over study 

enrollment compared to 0% change in the CAAT-sham condition.

Percent alcohol use days was also explored (see Table 5 for parameter estimates, 

significance levels, and confidence intervals), and the increase in percent alcohol use days 

from baseline to post treatment was significantly greater for the CAAT-training group 

compared to CAAT-sham (β=6.31, SE=3.13, 95% CI: 0.06, 12.55, p=0.04). Unexpectedly, 

those in the avoid cannabis condition reported 10% percent more alcohol use days during 

study enrollment compared to 3% more for sham.
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3.4 Exploratory Analysis

No between group differences were observed at baseline or post treatment in the cannabis 

and alcohol self-report questionnaires (ps>.05) other than for SOCRATES score as reported 

above. The correlation between change in approach bias and change in percent days of 

cannabis use (r=.21, p=.07) was not statistically significant. While the magnitude of the 

relationship is small, it suggests decreases in percent days of cannabis use over study 

enrollment were associated with an increasing avoid cannabis bias from baseline to post 

treatment (i.e., increasing negative bias values). No other correlations were significant or 

trending toward significance (ps>.31). Notably, we did not find evidence that changes in 

alcohol use were related to changes in marijuana use in the intervention group.

4. Discussion

Three key findings from this multisite proof-of-concept study with frequent cannabis-using 

adolescents suggest: 1) the cannabis approach-avoidance training paradigm may alter 

approach biases for cannabis stimuli in the anticipated direction, as those randomized to the 

experimental manipulation exhibited a small observed effect (Cohen’s dz = 0.42) in 

avoidance bias for cannabis-related stimuli, despite not reaching statistical significance (p=.

06), 2) those randomized to the experimental condition reduced cannabis use (percent use 

days) during the intervention with 7% less cannabis use days in the experimental condition 

versus no change in the control condition, and 3) unexpectedly, those completing the 

cannabis intervention increased their alcohol use with 10% more alcohol use days in the 

experimental condition versus 3% in the control condition. Greater cannabis avoidance bias 

from baseline to post treatment was related to decreased percent days of cannabis use during 

treatment, although the effect size was small (r=.21) and the relationship did not meet 

statistical threshold (p=.07). Importantly, change in cannabis use, which was targeted in the 

intervention, was found in non-treatment seeking adolescents in the absence of adjunctive 

behavioral and pharmacological interventions (unlike other studies that found significant 

effects of AAT on substance use in the context of co-occurring treatment; e.g., (Eberl et al., 

2013; Wiers et al., 2011). Findings provide evidence that multisite clinical trials with 

adolescent cannabis users can be completed successfully, and provide a framework for 

follow-up studies aimed at testing novel computerized interventions, such as AAT. Multisite 

trials not only help increase external validity, but allow for standardized methods of data 

collection with more statistical power and larger sample sizes in shorter periods of time, and 

ultimately more timely and informative results (Boyce and Lynne-Landsman, 2013; Cristea 

et al., 2016; Rinck, 2017; Weinberger et al., 2001).

Approach avoidance training paradigms have shown promising results for alcohol misuse, 

with participants randomized to alcohol AAT training showing 10 to 13% greater abstinence 

rates a year post-training compared to sham groups (Eberl et al., 2013; Wiers et al., 2011), 

yet very few studies have examined approach biases to cannabis stimuli. Current research 

suggests a cannabis approach bias in heavy cannabis users, and a positive correlation 

between approach bias and future use (i.e., stronger cannabis approach biases associated 

with heavier cannabis use at follow-up) (Cousijn et al., 2012a; Cousijn et al., 2011). While 

previous findings have shown reduction in cannabis craving after four sessions of CAAT in 
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adult cannabis users (Sherman et al., 2018), no studies to date have tested a cannabis training 

paradigm as a targeted intervention for adolescents. Our cannabis findings are largely 

consistent with the alcohol use literature and suggest that in six training sessions, a modest 

reduction (small to medium sized effect) in automatic approach tendencies toward substance 

use stimuli as well as substance use outcomes can be found (Eberl et al., 2013, 2014; Rinck, 

2017; Wiers et al., 2011; Wiers et al., 2010). Motivation to quit was not found to be a 

predictive factor in our non-treatment-seeking sample, despite it being suggested to be a 

potential moderator of clinical outcomes (Gladwin et al., 2016).

It is important to acknowledge that some degree of doubt has been raised on the 

effectiveness of Approach-Avoidance Training for addiction problems (Cristea et al., 2016), 

largely due to the lack of existing data available and select negative findings reported in the 

substance use literature for both alcohol and tobacco-related stimuli (Cousijn et al., 2014; 

Cousijn et al., 2015; Field et al., 2017; Larsen et al., 2014; Lindgren et al., 2015). Despite 

this, examining cognitive bias modification (e.g., approach-avoidance task training) for 

intervention purposes is an important exploration, as it utilizes a growing body of 

neuroscience knowledge on adolescent brain development and addictions, and applies it for 

intervention purposes (Boyce and Lynne-Landsman, 2013; O’Brien, 2015; Onken, 2015). 

The general pattern of findings across the literature support Approach-Avoidance Training 

for modulation of biases and improving clinical effects (Gladwin et al., 2016), and future 

study with larger sample sizes that will yield even greater informational value on the 

magnitude of treatment effect (Rinck, 2017). Cognitive bias modification is largely based on 

dual process models of addiction (Everitt and Robbins, 2013; Robinson and Berridge, 2008; 

Wiers et al., 2007), and these models parallel the vast majority of neuroimaging research 

with adolescent cannabis as well as alcohol users, in which alterations in corticostriatal 

circuit integrity are associated with addictive behaviors and loss of behavioral control for 

drugs and drug-related stimuli (Jacobus and Tapert, 2013; Wiers, C.E. et al., 2015b). In fact, 

support exists for functional brain changes in reward-related brain regions following 

completion of Approach-Avoidance Training, both in response to activation during approach 

trials and in response to cue-evoked activation of the target stimuli following training 

completion (Wiers, C.E. et al., 2015a; Wiers, C.E. et al., 2015b; Wiers et al., 2014; Wiers, 

R.W. et al., 2015a).

More traditional behavioral intervention approaches (e.g., Cognitive-Behavioral Therapy 

(CBT)) have demonstrated improvements in changing problematic substance use with 

adolescents and young adults (Budney et al., 2007; Copeland and Swift, 2009; Hettema et 

al., 2005; Martin and Copeland, 2008), but none have proven to be superior in treating 

cannabis use disorder (de Gee et al., 2014; Waldron and Turner, 2008). By targeting reward-

related mechanisms that produce problematic cannabis use, CAAT-training could 

complement or synergistically improve existing substance use treatment programs. The 

study presented is not only a step in bridging the gap between translating neuroscience 

research into novel interventions for cannabis use treatment (Onken, 2015), but an important 

piece of evidence that the CAAT can be successfully tested in a multisite trial with 

adolescent cannabis users. Nevertheless, some limitations of the current study are important 

to clearly address. The study includes a modest sample size and limited follow-up data, and 

longer-term effects of this intervention may be missed and/or interact with factors not 
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measured in this study. Similarly, test-retest reliability of approach bias assessment is still 

undetermined (Janssen et al., 2015) and more work is needed to better understand the 

psychometrics of these types of tasks (Reinecke et al., 2010). It is also important to note that 

we cannot rule out regression to the mean as a possible explanation for changes observed 

given the differences in cannabis use at baseline, although quantity of cannabis use reported 

30 days prior to baseline was not found to be a significant predictor and/or moderator of 

treatment outcome (Kraemer, 2015). Further, earlier research has indicated that it is 

important that the irrelevant feature of cognitive bias modification tasks should not be too 

easy, as participants can easily ignore the contents of the pictures ((De Houwer, 2003). 

Hence, it is possible that the current irrelevant feature used (e.g., border color) is not 

optimal.

Unexpectedly, we found that youth in the CAAT group increased their alcohol use during 

treatment. This may suggest a “substitution effect” was present, wherein cannabis reduction 

or abstinence appeared to increase the use of other substances of abuse, which is consistent 

with previous literature (Chaloupka and A, 1997; Copersino et al., 2006; Schaub et al., 

2010). These findings highlight the need for additional studies designed to hypothesize and 

test how the CAAT influences both alcohol and cannabis use, with the ultimate goal of 

reducing use of both substances given the high rates of co-use during adolescence. Finally, 

the smaller effect sizes in this pilot investigation need to be replicated in a large sample 

study. This study used the CAAT as a standalone treatment. Future studies should also 

examine the CAAT in motivated treatment-seekers or as an adjunctive treatment to existing 

computerized and non-computerized substance use interventions (Olmos et al., 2017).

Future directions for our work include development of multisite protocols and paradigms 

that combine alcohol and cannabis stimuli, given the high prevalence rates of these two 

substances during adolescence (Miech et al., 2017) and the potential for alcohol use as a 

substitute coping behavior in the presence of reduced cannabis use. Likewise, a better 

understanding of cognitive biases as they relate to healthier coping behaviors often explored 

in treatment as usual (e.g., eating, exercise) may improve approach-avoidance training 

paradigms and provide ideas for future task components (Wiers et al., 2013). Web-based 

paradigms have been explored with mixed effects, with some limitations including drop-out 

and trouble capturing motivations for participating and quitting (Wiers, R.W. et al., 2015b). 

Introduction of gaming elements could be a logical next step to increase task motivation 

(Boendermaker et al., 2016), although more work is needed to understand if gaming 

elements add or detract from the effectiveness of the paradigm. Computerized interventions 

like CAAT have many advantages, as they are relatively quick, inexpensive, and easy to 

administer, thereby increasing the likelihood they would be utilized by care providers 

compared to more time-intensive behavioral interventions that require extensive training 

(e.g., Cognitive Behavioral Therapy) (Eberl et al., 2013). Ongoing exploration is needed to 

determine if CBM will increase the efficacy of empirically-supported intervention strategies 

and improve treatment outcomes. As the literature on neurobiological vulnerabilities and 

neurodevelopmental consequences of cannabis misuse grow, development of novel treatment 

approaches will be important for the future.
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Figure 1. 
Flow of participants through each state of study.

Jacobus et al. Page 17

Drug Alcohol Depend. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Mean approach bias scores measured at baseline and post-treatment follow-up for CAAT-

training and CAAT-Sham. Comprehensive bias scores are presented, as well as approach 

bias scores as a function of cue type (i.e., cannabis and neutral).
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Figure 3. 
Percent cannabis use days measured at baseline (past 30 days) and post-treatment follow-up 

(days over study enrollment) for CAAT-training and CAAT-Sham, N=80.
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Figure 4. 
Percent alcohol use days at baseline (past 30 days) and follow-up (days over study 

enrollment) for CAAT-training and CAAT-Sham, N=80.
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Table 1

Demographic characteristics of sample, (N=80).

Demographics
CAAT-Training

M (SD) or %
n=43

CAAT-Sham
M (SD) or %

n=37

Age, Baseline 19.7 (1.0) 19.5 (0.9)

% Male 53.5% 59.5%

% Caucasian 72.1% 64.9%

Education (grade, in years) 12.7 (1.0) 12.8 (0.8)

BDI-II, Baseline 8.0 (8.3) 5.6 (5.2)

BDI-II, Post Treatmenta 6.7 (6.6) 4.4 (5.7)

STAI, Baseline 31.0 (7.9) 30.3 (7.7)

STAI, Post Treatmentb 29.6 (7.8) 29.9 (7.7)

Internalizing 50.0 (11.4) 47.8 (9.2)

Externalizing 53.3 (8.1) 52.9 (7.8)

% AUD 35.7% 32.4%

% CUD 73.8% 59.5%

Age of cannabis use onset 15.9 (1.2) 16.0 (1.3)

Age of cannabis use onset, regular use 17.2 (1.2) 17.5 (1.0)

Cannabis use episodes, past year 349.8 (251.3) 286.7 (268.7)

% cannabis use days, past 30 days, Baseline* 71.9 (32.7) 55.0 (33.2)

% cannabis use days, Post Treatment 65.0 (33.9) 55.2 (32.6)

Days since last use of cannabis, Baseline 2.1 (3.9) 2.9 (4.1)

Days since last use of cannabis, Post Treatmentb 1.7 (3.3) 4.3 (7.9)

% alcohol use days, past 30 days, Baseline 17.4 (17.2) 20.5 (14.2)

% alcohol Use Days, Post Treatmenta 27.1 (22.6) 23.3 (16.9)

Days since last use of alcohol, Baseline 14.0 (22.3) 6.7 (11.0)

Days since last use of alcohol, Post Treatmentc 8.3 (23.2) 8.5 (18.5)

Average Tobacco Use episodes per month, Baselined 75.8 (95.3) 25.1 (44.1)

*
p<.05; Beck Depression Inventory-II (BDI-II); State-Trait Anxiety Inventory (STAI) Trait version; Alcohol Use Disorder (AUD); Cannabis Use 

Disorder (CUD); regular use, >1/week for 52 weeks;

a
n=73,

b
n=72;

c
n=71;

d
n=22

Drug Alcohol Depend. Author manuscript; available in PMC 2019 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jacobus et al. Page 22

Table 2

Substance use self-report questionnaires, N=80.

Cannabis & Alcohol Use Questionnaires
CAAT-Training

M (SD) or %
n=43

CAAT-Sham
M (SD) or %

n=37

Marijuana Ladder, Baseline 4.7 (2.7) 4.5 (2.2)

Marijuana Ladder, Post Treatmenta 4.6 (2.6) 4.4 (2.4)

Cannabis Withdrawal Scale, Baseline 23.2 (22.6) 22.2 (21.0)

Cannabis Withdrawal Scale, Post Treatmentb 28.8 (26.2) 19.9 (22.2)

Marijuana Effect Expectancies, Baseline:

 Cognitive and behavioral impairment 30.1 (7.8) 32.0 (7.8)

 Relaxation and tension reduction 30.3 (5.0) 29.1 (5.5)

 Social and sexual facilitation 28.3 (6.2) 27.6 (5.0)

 Perceptual and cognitive enhancement 27.8 (4.2) 26.3 (4.5)

 Global negative effect 15.3 (4.7) 14.6 (4.2)

 Craving and physical effect 24.4 (3.3) 25.0 (3.6)

Marijuana Effect Expectancies, Post Treatment:a

 Cognitive and behavioral impairment 31.2 (7.9) 31.0 (8.5)

 Relaxation and tension reduction 29.9 (4.4) 29.7 (4.9)

 Social and sexual facilitation 28.9 (5.8) 27.9 (4.9)

 Perceptual and cognitive enhancement 26.9 (4.3) 26.4 (4.0)

 Global negative effect 16.0 (4.9) 14.8 (4.5)

 Craving and physical effect 24.7 (3.3) 24.8 (3.4)

Self-Efficacy Questionnaire, Baseline 4.0 (1.3) 4.6 (1.3)

Self-Efficacy Questionnaire, Post Treatmentb 4.0 (1.3) 4.5 (1.3)

Marijuana Craving Questionnaire- SF, Baseline 13.7 (4.0) 13.1 (4.6)

Marijuana Craving Questionnaire- SF, Post Treatmenta 13.5 (5.3) 12.5 (3.4)

Marijuana Problem Scale, Baseline 5.3 (4.3) 3.6 (3.3)

Marijuana Problem Scale, Post Treatmentb 5.0 (4.2) 3.5 (3.4)

SOCRATES Drug Use Questionnaire, Baseline* 38.7 (12.0) 33.2 (11.0)

SOCRATES Drug Use Questionnaire, Post Treatmentc 35.7 (13.9) 32.4 (10.5)

Rugters Alcohol Problem Index, Baseline 6.9 (7.9) 6.0 (5.2)

*
p<.05;

a
n=72;

b
n=73;

c
n=70
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