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Abstract

Background: This pilot study conducted a preliminary examination of whether Cognitive Bias
Modification (CBM), a computerized task to retrain cognitive-approach biases towards smoking
stimuli (a) changed approach bias for cigarettes, and (b) improved smoking cessation outcomes
in adolescent smokers. Methods: Sixty adolescent smokers received four weeks of Cognitive
Behavioral Therapy (CBT) for smoking cessation, with CBM (90% avoidance/10% approach for
smoking stimuli and 10% avoidance/90% approach for neutral stimuli) or sham (50%
avoidance/50% approach for smoking and neutral stimuli) training in the Netherlands (n¼ 42)
and the United States (n¼ 18). Results: While we did not observe changes in action tendencies
related to CBM, adolescents with higher smoking approach biases at baseline had greater
decreases in approach biases at follow-up, compared to adolescents with smoking avoidance
biases, regardless of treatment condition (p¼ 0.01). Intent-to-treat (ITT) analyses showed that
CBM, when compared with sham trended toward higher end-of-treatment, biochemically-
confirmed, seven-day point prevalence abstinence, (17.2% vs. 3.2%, p¼ 0.071). ITT analysis also
showed that regardless of treatment condition, cotinine level (p¼ 0.045) and average number
of cigarette smoked (p� 0.001) significantly decreased over the course of treatment.
Conclusions: The findings from this pilot study suggests that re-training approach biases
toward cigarettes shows promise for smoking cessation among adolescent smokers. Future
research should utilize larger samples and increased distinction between CBM and sham
conditions, and examine mechanisms underlying the CBM approach.
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Introduction

Most tobacco use is initiated during adolescence (1). Existing

evidence suggests that 11% of high school students in the

Netherlands (2) and 9% of 12th grade students in the United

States of America (USA) are daily smokers (3). High school

students who smoke daily often want to quit: 61% have made

a quit attempt, but a majority of them are unsuccessful (4),

and there are few empirically validated smoking interventions

for adolescents (5,6).

Dual process theories (7,8) suggest that addiction may be

related to an imbalance between two qualitatively different

sets of processes that influence behavior: fast associative

impulsive processes, which are responsible for the automatic

appraisal of stimuli and immediate behavioral action

tendencies and slower reflective processes, which consciously

regulate emotions and cognitive processes related to the

outcome of the behaviors (9). In addicted individuals,

the combination of strong impulsive and weak reflective

processes results in susceptibility to cues triggering the

addictive behavior, leading to difficulties in inhibiting

the tendency to engage in the addictive behavior. Several

studies have demonstrated stronger effects of implicit addic-

tion-related processes in adolescents with relatively weak

ability to moderate impulses for a variety of addictive

behaviors, including smoking (10) and alcohol use (10–13).

Thus, an adolescent smoker may want to quit smoking but

may not be able to because direct or indirect exposure

to cigarette-associated stimuli may automatically activate

implicit action tendencies to approach smoking.

Implicit processes may be stronger among adolescents

than they are in adults, because impulse control processes

are not fully developed, while more emotional and
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reward-seeking processes are most active in adolescence

(8,14). Indeed, the association between implicit drinking

associations and binge drinking was stronger in adolescents

than in adults (15). Furthermore, in adolescents, positive

implicit attitudes toward smoking predict initiation (16) and

frequency of smoking behaviors (10), whereas negative

implicit attitudes predict future smoking cessation. Adult

smokers also have stronger implicit processes toward

smoking-related stimuli than do non-smokers (17–21).

These implicit processes toward smoking are associated

with nicotine craving and urge to smoke (17,22,23), nicotine

dependence (23), and withdrawal symptoms (24,25). Given

the above evidence, re-training implicit approach tendencies

may have important prevention and cessation implications for

adolescent smoking behaviors.

Cognitive Bias Modification (CBM), a modification of the

alcohol Approach-Avoidance Task (AAT; 26), presents

smoking-specific and neutral images on a computer screen

and requires participants to either push or pull the joystick in

response to the format of the images (rotated right/left) rather

than the content of the image. For example, pushing the

joystick results in the image to zoom out, mimicking

avoidance tendencies, whereas pulling the joystick results in

the image to zoom in, mimicking approach tendencies (27).

CBM has been used to modify automatic action tendencies

toward alcohol-related stimuli (28–30). Among hazardous

young adult drinkers, CBM produced stronger action

tendencies related to avoidance of alcohol (30).

Furthermore, among a clinical sample of alcohol dependent

adults (n¼ 214), CBM in conjunction with Cognitive

Behavioral Therapy (CBT) led to 13% less relapse at one-

year follow-up compared to the CBT only group (29). The

latter finding was replicated in a larger clinical sample of

adult alcohol-dependent inpatients (n¼ 509) (28). At one-year

follow-up, the relapse rates in the training group compared to

the control group showed a 10% reduction in relapse rates.

This effect was moderated by a change in the approach-

tendencies, with individuals with stronger alcohol bias

showing greater treatment effect. While CBM shows promise

in alcohol treatment, its effect on other substances remains to

be established (for a review, see 31). A recent pilot study

provided CBM via online methods to 257 adult smokers and

found that the CBM relative to the control condition yielded

reductions in cigarette use, cigarette dependence, and com-

pulsive drive to smoke cigarettes (32).

The main aims of this pilot study were to assess whether

CBM can re-train approach bias toward smoking and to

determine if CBM, when provided in addition to Cognitive

Behavioral Therapy (CBT), increases smoking cessation rates

among adolescent smokers. Improving interventions for

adolescent smokers is crucial given that currently existing

psychosocial interventions, such as CBT alone have not been

shown to be particularly effective (33). Importantly, CBT and

CBM target different processes which may be particularly

useful; CBM targets automatic processes and CBT targets

purposeful processes that involve paying attention to a

specific cue and processing the cue to either discard irrelevant

information or store and retrieve information related to the

cues (34). We hypothesized that adolescents who received

CBT plus CBM would (a) have decreases in their approach

bias to smoking-related stimuli and (b) achieve greater

smoking cessation rates at end of treatment (EOT) than

adolescents who received CBT in addition to a sham training

(control condition). Our secondary goals were to explore

mechanism of change and changes in smoking behaviors at

EOT. CBM has shown to be more effective among those who

have an approach bias to substance-related stimuli prior to

treatment (28), so we assessed whether CBM would have a

differential effect on adolescents with a smoking approach

bias than a smoking avoidance at baseline. We hypothesized

that adolescents with an approach bias toward smoking

stimuli would show greater decreases in approach bias toward

smoking-related stimuli and would more likely to be abstinent

than those with an avoidance bias. We also explored other

smoking outcomes: (i) seven-day point prevalence (PP)

abstinence at three-month follow-up, (ii) number of days

abstinent during treatment, (iii) changes in self-reported

number of cigarettes smoked seven days prior to baseline and

seven days prior to EOT, and (iv) changes in cotinine levels

between baseline and EOT.

Methods

Procedures

Participants were recruited from preparatory middle-level

applied education (VMBO), middle-level applied education

(MBO), and vocational training high schools in the NL

(Amsterdam and Haarlem) and public high schools in the

USA (Connecticut) to participate in this pilot study. The

inclusion criteria were (i) ages 14–18, (ii) self-reported daily

smoking in the past 6 months, and (iii) willing to participate

in a smoking cessation program. The study procedures were

approved by the Department of Developmental Psychology,

University of Amsterdam, the Institutional Review Board at

Yale University School of Medicine and the participating

schools. Information sheets detailing the study were mailed to

parents two weeks before recruitment, and parents of

adolescents 17 years old and younger were informed to

contact the school or research staff if they did not want their

child to participate. Interested adolescents signed up at

recruitment tables during lunch periods. Assent was obtained

from adolescents 14–17 years old and consent was obtained

from 18 years old or older.

Baseline assessment

Study participants provided demographic information and

completed a variety of measures. Tobacco use was assessed

using 7-day Time Line Follow Back (TLFB; 35) and nicotine

dependence was assessed with the modified Fagerström

Tolerance Questionnaire (mFTQ; 36).

Participants completed the computerized Smoking-

Approach/Avoidance Task (S-AAT), which measured auto-

matic approach tendencies toward cigarette smoking. The

images used in the S-AAT was developed and tested in the

USA and are described in detail in Larsen et al. (37).

Participants viewed 20 smoking-related images (e.g. cigar-

ettes, cigarette packs, adolescents smoking) and 20 neutral

images (e.g. pencil, lipstick) that were rotated 3� left or right.

Participants were instructed to push or pull the joystick

426 G. Kong et al. Am J Drug Alcohol Abuse, 2015; 41(5): 425–432
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in response to the rotation of the picture and not the

image content. Pushing or pulling the joystick caused the

image to zoom out (decrease in size) or zoom in (increase in

size), thereby mimicking avoidance and approach actions,

respectively (26). Each image was shown equal number of

times rotated to the left and rotated to the right, resulting in

50% push and 50% pull for a total of 300 trials. The picture

content and push-pull assignment was counterbalanced: half

of the participants were instructed to pull if the picture was

tilted right and half to pull if it was tilted left. S-AAT was

preceded by 15 practice trials. A red cross would appear if an

error was made and the image appeared again to allow for a

correct response.

Treatment conditions

Cognitive behavioral therapy (CBT)

All participants received weekly CBT for smoking cessation.

We used a manual-guided protocol to deliver CBT for

smoking cessation (38–40). The manual was translated to

Dutch for use in the Netherlands. All therapists had at least a

master’s level education and all had extensive training and

experience in working with adolescents and were supervised

by licensed clinical psychologists. The therapists and super-

visors in the Netherlands were trained on the CBT protocol by

a licensed clinical psychologist in the USA with experience in

providing CBT for smoking cessation to adolescents. The

supervisors on both sites discussed all ongoing cases at least

on a monthly basis to ensure consistency across sites.

Participants received a ‘‘preparation to quit’’ session about

one week prior to quitting and a ‘‘pre-quit’’ session one day

prior to quitting in which therapists used motivational and

cognitive behavioral strategies to motivate abstinence, empha-

size benefits of quitting and risks of continued use of tobacco,

and teach adolescents to gain social support and practical quit

tips. The four weekly CBT sessions following the quit day

focused on these key skills: (i) self-monitoring to understand

patterns of tobacco use and to identify high risk situations, (ii)

coping with cravings and urges to smoke, (iii) becoming

assertive and developing effective tobacco-refusal skills, (iv)

improving problem-solving skills to deal with high risk

situations for smoking, and (v) coping with lapses.

CBM and sham-training

The CBM was an adaptation of the S-AAT (37) and was

designed to re-train approach bias toward smoking stimuli by

inducing an avoidance bias. Participants in the CBM condi-

tion received 90% of the smoking-related images in the push

format and 10% in the pull format and neutral images in 10%

push and 90% pull format (30). The CBM had 40 images (20

smoking and 20 neutral images) and each image was shown

about 6.5 times, with 90% of the smoking in the push and 10%

in the pull format, results in a total of 260 trials. Each CBM

session was preceded with 15 practice trials, followed by 20

images (10 smoking and 10 neutral stimuli), with 50% of

smoking-related and neutral images in the push format and

50% of the neutral images in the pull format, for a total of 40

trials (same as the S-AAT). Participants in the CBM were

exposed to a total of 300 trials in each session.

Participants in the sham-training also received 15 practice

trials followed by a total 300 trials of 50% of smoking-related

and neutral images in the push format and 50% of the neutral

images in the pull format (same as the S-AAT).

Following the ‘‘pre-quit’’ CBT session, participants

received either the CBM or the sham-training following

each weekly session of CBT. All therapists were blinded to

the CBM and sham condition. Due to a computer error

discovered at the end of the trial, the CBM condition in the

USA received the sham-training instead of CBM at the final

session, so the Dutch CBM condition received five sessions in

total and the American CBM received four sessions.

Outcome measures

Changes in approach bias were assessed with the S-AAT

obtained at baseline and at three-month follow-up. The

primary smoking cessation outcome was determined by

seven-day point prevalence (PP) abstinence (defined as self-

reports of not smoking during the seven days prior to

assessment, and biochemically verified using (cotinine levels

of �50 ng/ml; (41); Graham Massey Analytical Labs,

Shelton, CT and ATAL Medisch Diagnostisch Centrum,

Amsterdam, NL) at end-of-treatment. Secondary outcome

were (a) seven-day PP abstinence outcomes at three-month

follow-up, (b) number of days abstinent during treatment,

(c) changes in self-reported number of cigarettes smoked

seven days prior to baseline and seven days prior to EOT, and

(d) changes in cotinine levels between baseline and EOT.

Participants

Of the 75 adolescents presented to participate in the

study, 60 (80%) were randomized to receive weekly CBT

with either weekly CBM (n¼ 29) or with sham training

(n¼ 31) (See Figure 1 for CONSORT diagram). Of the

randomized sample, 19 dropped out during treatment and

this rate did not differ by treatment condition (CBM vs. sham:

�2 [1, n¼ 60]¼ 0.43, p¼ 0.51) and site (United States

vs. Netherlands: �2 [1, n¼ 60]¼ 1.06, p¼ 0.30). The three-

month follow-up completion rate was 60%.

Data analysis

See Supplemental materials (available online) for preparation

of the AAT data. The bias scores were computed by

subtracting mean approach RT from mean avoidance RT for

smoking and neutral stimuli separately, resulting in one bias

score for each of the two image categories. Positive scores

indicate an approach tendency (n¼ 21) and negatives scores

indicate an avoidance tendency (n¼ 37).

The two primary outcome measures were: (a) changes in

action tendencies (S-AAT) from baseline and three-month

follow-up, using the randomized sample, and (b) seven-day

self-reported PP abstinence at end-of-treatment, using the

Intention-To-Treat (ITT) sample. Participants who dropped

out or missed end-of-treatment and/or three-month follow-up

appointments were considered to be smoking.

We used Chi-square and t-tests to evaluate the baseline

differences in treatment condition and site. We used repeated-

measures analysis of variance (ANOVA) with smoking bias

DOI: 10.3109/00952990.2015.1049492 Re-training action tendencies in adolescent smokers 427
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and neutral bias scores at baseline and three-month follow-up

as within-subject factors, condition (training, sham), site

(USA, NL) and baseline smoking approach bias status

(approach vs. avoidant) as between-subject factors, and age

as a covariate (Table 2). The treatment effect on changes in

approach tendencies were assessed by the interactions

between bias scores (smoking and neutral bias at baseline

and three-month follow-up) and treatment condition.

Smoking cessation outcomes were examined using Chi-

square tests to evaluate the effect of treatment condition on

seven-day PP abstinence at EOT and three-month follow-up

using the ITT sample. Number of days abstinent during

treatment was examined as a continuous outcome using a

linear regression model with site, treatment condition,

smoking approach bias at baseline, and the interaction

between (a) site and treatment condition, and (b) smoking

approach bias at baseline and treatment condition as inde-

pendent variables. We also conducted repeated-measures

ANOVA with cotinine level at baseline and at follow-up as a

within-subject factor and site, treatment condition, and

smoking approach bias status as between-subject factors.

Similar analysis was conducted with self-report of number of

cigarettes smoked per day seven days prior to baseline and

seven days prior to EOT as a within-subject factor.

Results

The randomized sample (n¼ 60; 65% males) was 16.57

(SD¼ 1.24) years old and smoked 11.72 (SD¼ 6.55) cigar-

ettes per day, with mFTQ score of 2.86 (SD¼ 1.35), and

cotinine values of 957.59 (SD¼ 649.66) at baseline. The

adolescents in the sham condition were slightly older than

those in the treatment condition (t (60)¼�2.02, p¼ 0.048).

The two treatment conditions did not differ on other baseline

characteristics. American adolescents had a stronger approach

bias than Dutch adolescents to smoking (t (60)¼ 3.75,

p¼ 0.002) stimuli and neutral stimuli (t (60)¼ 2.85,

p¼ 0.008). See Table 1 for the baseline study variables.

For the analyses examining changes in approach bias, the

sample consisted of 35 participants (CBM: n¼ 16, sham:

n¼ 19) who had complete data on S-AAT at both baseline and

three-month follow-up. This sample was more likely to be

male (�2 [1, n¼ 60]¼ 5.44, p¼ 0.02) than those with missing

S-AAT data (n¼ 25), but they did not differ on other

variables.

The overall attendance rate was 90%. The attendance rate

differed by site (Dutch: 98% vs. American: 81%, t (35) �2.97,

p¼ 0.008), but it did not differ by treatment condition (CBM:

89% vs. sham: 90%).

Figure 1. CONSORT diagram.

Completed 3-month follow-up: n = 16 Completed 3-month follow-up: n = 19

Assessed for eligibility
N =75 (26 American + 49 Dutch)

CBM: n = 29 (8 American, 21 Dutch)
Drop out, n = 8

Sham: n=31 (10 American, 21 Dutch)
Drop out, n = 11

Not randomized: n = 15
Did not meet criteria: n = 9
Could not be reached: n = 2
Did not want to par�cipate: n = 4

Randomized:
n = 60 (18 American + 42 Dutch)

Table 1. Baseline sample characteristics.

CBM (n¼ 29) Sham (n¼ 31)

American (n¼ 8) Dutch (n¼ 21) American (n¼ 10) Dutch (n¼ 21)

Gender (% female) 50.0 42.9 20.0 28.6
Age (M, SD) 16.63, 0.74 16.10, 1.51 16.90, 1.10 16.86, 1.06
# of cigarettes smoked per day in the past month (M, SD) 10.99, 6.72 13.69, 6.38 9.25, 6.42 11.20, 6.63
mFTQ (M, SD) 3.04, 1.55 2.64, 1.28 3.33, 1.83 2.78, 1.08
Cotinine (M, SD) 1115.00, 638.10 827.27, 670.35 1059.20, 758.78 973.36, 602.62
Smoking Push RT (M, SD) 1066.16, 154.37 977.16, 166.32 1117.89, 181.56 982.91, 149.86
Smoking Pull RT (M, SD) 1033.19, 158.22 1053.04, 155.10 1061.12, 166.21 1039.49, 154.81
Smoking approach/Avoidance bias (M, SD) 32.97, 74.49 �81.35, 173.81 59.77, 111.21 �56.58, 76.66
Neutral Push RT (M, SD) 1045.10, 155.25 1008.55, 143.39 1072.30, 148.32 997.37, 144.96
Neutral Pull RT (M, SD) 1015.31, 193.53 1038.19, 130.85 1064,64, 197.71 1045.43, 139.02
Neutral approach/Avoidance bias (M, SD) 29.79, 89.64 �27.93, 103.68 7.66, 72.96 �68.07, 56.83

mFTQ, modified Fagerström Tolerance Questionnaire; RT, reaction times.

428 G. Kong et al. Am J Drug Alcohol Abuse, 2015; 41(5): 425–432
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A repeated measures ANOVA showed significant main

effects of site and baseline smoking approach bias (Table 2):

American adolescents showed an approach bias toward

smoking and neutral stimuli and Dutch adolescents showed

an avoidance bias to these stimuli at baseline (see Table 1 for

M and SD for each bias) and at follow-up (American: smoking

bias M¼ 30.73, SD¼ 83.58, neutral bias: M¼ 54.63,

SD¼ 70.85; Dutch: smoking bias M¼�32.45, SD¼ 98.76,

neutral bias: M¼�44.90, SD¼ 83.71). Adolescents with a

smoking avoidance bias at baseline also had an avoidance bias

toward smoking and neutral stimuli at baseline (smoking bias

M¼�73.75, SD¼ 60.38, neutral bias: M¼�49.78,

SD¼ 73.01) and at follow-up (smoking bias M¼�20.57,

SD¼ 100.35, neutral bias: M¼�31.96, SD¼ 100.35); con-

versely, those with a smoking approach bias had an approach

bias to both stimuli at baseline (smoking bias M¼ 80.39,

SD¼ 59.35, neutral bias: M¼ 6.68, SD¼ 83.58) and at

follow-up (smoking bias M¼ 18.16, SD¼ 89.50, neutral

bias: M¼ 40.93, SD¼ 74.94).

Regarding the CBM effects on bias scores, the interaction

between smoking bias scores and treatment condition and

neutral bias scores and treatment condition were not signifi-

cant (Table 2). However, we detected a significant interaction

between smoking bias scores and baseline smoking approach

bias status (Table 2, Figure 2). Post hoc analyses (See

Supplementary Table 1, available online), showed that at

EOT, adolescents with a smoking approach bias at baseline

showed significantly less approach bias at follow-up (F (1,

17)¼ 4.71, p¼ 0.049), but did not show changes in neutral

bias (F (1, 17)¼ 0.12, p¼ 0.74). Adolescents with a

smoking avoidance bias at baseline did not show changes

in either smoking (F (1, 18)¼ 2.18, p¼ 0.16) or neutral

(F (1, 18)¼ 3.19, p¼ 0.10) biases (Figure 2). Furthermore,

adolescents with a smoking avoidance at baseline showed

a significant main effect of site (F (1, 18)¼ 9.98, p¼ 0.007)

and an interaction effect of site and smoking bias scores

(F (1, 18)¼ 4.55, p¼ 0.05); specifically, American adoles-

cents with a smoking avoidance bias at baseline showed

greater increase in smoking approach bias (baseline:

M¼�59.11, SD¼ 59.87, follow-up: M¼ 99.02,

SD¼ 58.63) compared to Dutch adolescents with a smoking

avoidance bias at baseline (baseline: M¼�0.79.39,

SD¼ 62.02, follow-up: M¼ 23.86, SD¼ 97.48).

Regarding effects on smoking cessation, the CBM condi-

tion had a trend toward higher end-of-treatment seven-day PP

abstinence rates when compared with the sham condition
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Figure 2. Changes in smoking/neutral approach/avoidance bias scores from baseline to three-month follow-up separated smoking approach bias and
smoking avoidance bias at baseline. Positive value indicates approach bias and negative values indicate avoidance bias. Error bars indicate ± 1 Standard
error of the mean (SEM).

Table 2. Repeated-measures ANOVA of smoking and neutral approach tendencies/biases at baseline and three-month
follow-up as a function of treatment condition (treatment vs. sham), site (USA vs. NL), and baseline smoking bias
(approach vs. avoidance).

F p �2

Between subject factors
Treatment condition (treatment vs. sham) 0.03 0.86 0.01
Site (USA vs. NL) 12.13 0.002 0.32
Baseline smoking bias (approach vs. avoidance) 10.42 0.003 0.29

Within subject factors
Smoke bias score 1.42 0.24 0.05
Smoke bias� site 2.86 0.10 0.10
Smoke bias� treatment condition 0.45 0.51 0.02
Smoke bias� baseline smoking bias 7.22 0.01 0.22
Smoking bias� treatment condition� baseline smoking bias 0.00 0.99 0.00
Neutral bias score 3.10 0.09 0.11
Neutral bias� site 0.13 0.73 0.01
Neutral bias� treatment condition 0.002 0.96 0.00
Neutral bias� baseline smoking bias 1.15 0.29 0.04
Neutral bias� treatment condition� baseline smoking bias 0.34 0.56 0.01

The model controlled for age. Bold font indicates p5.05.
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(17.2% vs. 3.2%; �2(1, n¼ 60)¼ 3.27, p¼ 0.071) (Table 3)1.

The abstinence rates at three-month follow-up did not differ

by treatment condition and site (Table 3). The results of the

linear regression analysis showed that site (p¼ 0.77), treat-

ment condition (p¼ 0.61), smoking approach bias at baseline

(p¼ 0.60), and the interaction terms (ps40.05) were not

significantly associated with days abstinent during treatment.

On average, participants were abstinent 46% of the days

during treatment (results not shown).

Repeated measures ANOVA showed that cotinine level

(F (1, 39)¼ 4.38, p¼ 0.045) and average number of cigarette

smoked (F (1, 41)¼ 52.67, p� 0.001) significantly decreased

over the course of treatment among all participants regardless

of treatment condition (baseline: cotinine M¼ 911.36,

SD¼ 674.60, number of cigarettes M¼ 11.42, SD¼ 6.74;

follow-up: cotinine M¼ 710.30, SD¼ 573.42, number of

cigarettes M¼ 1.99, SD¼ 3.36). No other main effects and

interaction effects were significant (results not shown).

Discussion

This exploratory pilot study is the first to examine whether a

computerized CBM for smoking cessation re-trains the

approach-bias for smoking-related cues and whether this

re-training enhances smoking cessation among adolescent

smokers who receive CBT for smoking-cessation. The

findings indicate that relative to sham, CBM did not modify

approach bias but it did show a statistical trend toward

improving smoking cessation outcomes.

Prior studies among clinical samples of alcohol-dependent

adults have observed that CBM improved abstinence out-

comes (28,29), and a more recent pilot study with adult

smokers has also observed that CBM yielded promising

treatment outcomes (32). These studies utilized larger sample

sizes (over 200), compared with the sample size used in the

current pilot trial. In fact, the effect size (d) of 0.2 detected in

the current trial suggests that a sample size of approximately

200 participants is needed to observe significance.

Moreover, in the current trial the sham condition of 50%

approach and 50% avoidance towards smoking stimuli may

not have been sufficiently different from the CBM condition

of 90% approach and 10% avoidance toward smoking stimuli.

Indeed, we observed that regardless of treatment condition

there was an overall decrease in cotinine levels and self-

reported number of cigarettes smoked from baseline to end of

treatment (EOT) among all participants. Furthermore,

although we did not detect a differential change in smoking

approach bias by treatment group, we observed that regardless

of treatment condition, adolescents who had smoking

approach bias at baseline significantly reduced their approach

bias at EOT, suggesting that both treatment conditions may

have re-trained approach tendencies among those who already

had a smoking approach bias. This is consistent with previous

studies that showed that the change in approach bias is

moderated by the strength of approach bias at baseline (28).

These findings suggest that future studies should consider

utilizing schedules which have greater differences between

the treatment and the sham condition.

We detected a difference in approach biases between

Dutch and American adolescents. Specifically, Dutch adoles-

cents had greater avoidance bias, while American adolescents

had greater approach bias. This pattern of bias was also

detected in a previous study that examined approach biases

toward smoking stimuli among smoking and non-smoking

adolescents (37). While we do not know why such differences

in biases exist, they could possibly be related to the fact that

the images used in the S-AAT were evaluated by American

adolescents but not by Dutch adolescents (37). Future studies

should validate the images in the sample in which they are

administered, especially when it involves cross-cultural

comparisons. This may be important to consider given

that implicit tendencies are context–dependent (42–44).

For instance, context influenced implicit associations have

been observed with food-related words among overweight

individuals (44). Context may be particularly important for

adolescents because their smoking often occurs in social

settings in the presence of their peers (45) or under certain

emotional states (e.g. stress, negative affect) (46), and it is

possible that these contextual factors were different in the

USA and in the NL. Thus, future studies should evaluate the

images to ensure their context relevance.

In addition to the limitations mentioned earlier, it is also

important to point out that the reliability and validity of the

smoking AAT in adolescents has not yet been thoroughly

investigated. Research using the alcohol-AAT has demon-

strated that the validity of the task is improved when relevant

feature tasks (i.e. participants respond to the content of the

image) as opposed to irrelevant feature tasks (i.e. participants

respond to the format of the image like its rotation rather than

the image content) are used (47). Nevertheless, others have

found that irrelevant feature tasks may still be suitable for the

modification of substance-related cognitive biases (28,29).

Although reaction-time based interventions have shown

promising clinical effects (e.g. 28–30), there is limited

evidence for sufficient reliability of reaction-time assessments

(48–50). However, despite these limitations, we observed an

overall smoking cessation rate (10%; Table 3), which was

Table 3. Smoking cessation outcomes.

% %

Total sample (n¼ 60) CBM (n¼ 29) Sham (n¼ 31) p American (n¼ 18) Dutch (n¼ 42) p

End of treatment 10.0 17.2 3.2 0.07 0.0 14.3 0.09
3-month follow-up 3.3 3.4 3.2 0.98 5.6 2.4 0.50

Abstinence was defined as self-reported not smoking in the past 7 days, biochemically confirmed by urine cotinine levels �50 ng/ml. Chi-square tests
were conducted for categorical variables. CBM, Cognitive bias modification.

1We also conducted survival analysis (time to first lapse) and found no
significant differences between the treatment condition in time to first
lapse during treatment (Wald �2¼ 0.12, p¼ 0.73).
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comparable to the observed quit rates found among other

adolescent smoking cessation interventions (51–53). In add-

ition, the trend-level differences observed between the CBM

and the sham-training control conditions, suggest that inter-

ventions that target the implicit processes show promise for

adolescent smoking cessation. Future studies should be

conducted to further explore the efficacy of such innovative

interventions, as well as to examine the association between

responses to CBM and cognitive constructs like working

memory and impulsivity, which have been shown to be related

to adolescent smoking behaviors [e.g. Larsen, et al. (37)] as

well as adolescent smoking cessation [e.g. Krishnan-Sarin,

et al. (54)]. Importantly, earlier work has shown that the

effectiveness of CBM may be related to individual differences

in regulatory control among adolescents with anxiety (55) and

low response inhibition and low working memory have also

been shown to be correlated with approach bias toward

alcohol-related stimuli and actual alcohol use (10–12). Future

research could also focus on how to tailor and enhance the

appeal of CBM for adolescents (56,57). Perhaps game-

elements can be added to CBM to make more interesting (31).

Other intervention components such as optimal number of

sessions needed for re-training to occur should also be

identified. Studies examining CBM have used varied number

of sessions, from two (58) to 12 (28), with recent data

suggesting great variability in optimal length of training,

among adult alcohol-dependent patients (59).

In summary, this exploratory pilot study was the first pilot

study to examine the utility of a novel, computerized

intervention designed to retrain action tendencies toward

smoking-related stimuli among adolescent smokers. While

the clinical utility of CBM for smoking cessation among

adolescent smokers could not be established based on this

pilot, the results show trends toward its utility, suggesting that

carefully designed studies with larger samples are needed.
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