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A B S T R A C T   

Introduction: Attentional bias (AB) is an individual difference risk factor that represents the extent to which 
cigarette cues capture one’s attention. AB is typically indexed by mean bias score (MBS), theoretically assuming 
that AB is static. However, poor reliability of MBS has threatened valid interpretation of the results on AB. Based 
on observed trial-by-trial temporal fluctuation and variability of attentional allocation, trial-level bias score 
(TLBS) has been introduced as an alternative index with evidence of better psychometric properties in various 
populations, as compared to MBS. However, such evidence is limited among daily smokers. The current study 
aimed to replicate and extend extant findings in a sample of daily smokers by hypothesizing that TLBS, as 
compared to MBS, would demonstrate superior reliability and external validity. 
Methods: Forty-eight daily smokers completed self-reports, ad-libitum smoking, and a dot-probe task three times, 
which was comprised of 36 pairs of pictorial stimuli of cigarette and neutral cues, yielding 144 total trials. 
Results: The TLBS demonstrated superior internal (range intra class correlation [ICC] = 0.79–0.95) and test-retest 
reliability (range ICC = 0.64–0.88) compared to MBS (range ICC = 0.31–0.40 and 0.06–0.16, respectively). 
However, few significant relations between either the MBS or TLBS and measures of biobehavioral and self- 
report indices of smoking reinforcement were observed. 
Conclusions: The current findings demonstrate that TLBS, as compared to MBS, is a more reliable measure of AB 
among daily smokers, while evidence of its external validity is limited.   

1. Introduction 

Cigarette-related attentional bias (AB), i.e., biased allocation of 
attention to cigarette cues over neutral cues, is observed among current 
and former smokers (Masiero et al., 2019; Rehme et al., 2018). AB has 
traditionally been conceptualized as relatively stable individual differ-
ence risk factor that represents the extent to which cigarette cues cap-
ture one’s attention as a result of classical conditioning and sensitization 
of the brain mesolimbic system eliciting a “wanting” response to 
cigarette-related cues (Berridge & Robinson, 2016). The literature in 
both psychopathology and addiction has extensively documented the 
evidence of AB in both psychopathology (e.g., bias to threat-related 
cues; Bardeen & Orcutt, 2011) and addiction (Field & Cox, 2008), 

moving the field to the development of AB modification as a novel tar-
geted treatment approach (Boffo et al., 2019; Bunnell et al., 2013). 
Nevertheless, an observed lack of consistency in the relation between AB 
and smoking, and the impact of AB modification in changing smoking 
(Begh et al., 2015) is likely due to poor psychometric properties of 
conventional AB index (Ataya et al., 2012; Drobes et al., 2019). 

Mean bias score (MBS) is a widely used index of AB. However, its 
poor reliability and its theoretical underpinnings of AB being static over 
the course of the AB task have been criticized (Zvielli et al., 2015). 
Despite efforts to enhance the reliability of MBS (e.g., outlier methods; 
Price et al., 2015), psychometric properties of the MBS have continued 
to raise questions (Emery & Simons, 2015; Jones et al., 2018; Molloy & 
Anderson, 2020; Rodebaugh et al., 2016; Schäfer et al., 2016), although 
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some recent findings demonstrated novel ways to improve the psycho-
metric properties of the MBS using variants of AB task (Gladwin et al., 
2021; Grafton et al., 2021; Heitmann et al., 2021). Using unreliable and 
unstable MBS is problematic, as it threatens valid interpretation of the 
results on AB (Rodebaugh et al., 2016), in particular, if a change in AB is 
proposed as an intervention target or mechanisms (Price et al., 2015; 
Rodebaugh et al., 2016). Given growing concerns, an alternative index, 
trial-level bias score (TLBS) has been developed (Zvielli et al., 2015). 

The TLBS is a novel AB measure that reflects the temporal fluctuation 
and variability of attentional allocation trial-by-trial (Zvielli et al., 
2015). The major differences between MBS and TLBS are threefold: (1) 
The theoretical assumption (stable vs fluctuating), (2) the capability to 
capture various phenomena of AB in TLBS (e.g., AB toward vs away), 
and (3) its superior psychometric properties (TLBS > MBS; Carlson & 
Fang, 2020; Jones et al., 2018; Molloy & Anderson, 2020; Vervoort 
et al., 2021; Zvielli et al., 2015). In particular, evidence supports the 
superior reliability of TLBS (versus MBS) in a nonclinical sample 
(Carlson & Fang, 2020), individuals with phobias (Zvielli et al., 2015), 
social anxiety disorder (Molloy & Anderson, 2020), and depression 
(Beevers et al., 2019), youth with and without obesity (Vervoort et al., 
2021), and among alcohol users (Jones et al., 2018). Notably, TLBS is 
relatively unaffected by various data cleaning procedures, while MBS is 
sensitive to such procedures, which raises concern for inflated reliability 
(Molloy & Anderson, 2020). Recently, the validity of TLBS indices has 
been called into question given the potential impact of general reaction 
time variability on TLBS, suggesting findings should be interpreted with 
caution (Carlson & Fang, 2020; Kruijt et al., 2016; Vervoort et al., 2021). 
Nevertheless, reliability of the TLBS in smokers is limited to documen-
tation of its split-half reliability in a sample of deprived smokers (Zvielli 
et al., 2015). 

Further, despite overall evidence on the superior reliability of the 
TLBS (vs MBS), evidence on its external validity remains limited. For 
example, findings between the TLBS and theoretically relevant con-
structs such as trait or state anxiety measures (Carlson & Fang, 2020), 
depressive symptoms (Beevers et al., 2019), alcohol consumption and 
craving (Jones et al., 2018), and weight and body mass index (Vervoort 
et al., 2021) have been equivocal despite some evidence in spider phobia 
(Zvielli et al., 2015) and posttraumatic stress disorder (Schäfer et al., 
2016). Thus, contrary to its overall superior reliability, evidence of the 
external validity of the TLBS is still in question. Therefore, examining 
psychometric properties of both the TLBS and MBS in smokers is war-
ranted and may help to clarify discrepancies in the existing literature. 

The overarching aim of the current study is to examine the reliability 
and external validity of the TLBS versus MBS among daily smokers. 
Daily smokers completed a modified dot-probe task three times; each 
trial was separated by an affect manipulation. To examine the possible 
effect of the affect manipulation on AB, the effect of the affect manip-
ulation condition on AB indices (i.e., TLBS and MBS) was examined. 
Next, internal reliability of each AB trial and test–retest reliability were 
tested. Finally, the associations between both TLBS and MBS and 
smoking variables were tested to further examine the relative external 
validity of each AB index. Here, consistent with the previous literature 
and the incentive sensitization theory (Berridge & Robinson, 2016), 
smoking variables included both self-report and biobehavioral indices of 
smoking reinforcement as well as cigarette dependence. We hypothe-
sized that the TLBS would demonstrate superior internal and test–retest 
reliability compared to MBS. We also hypothesized that the TLBS would 
evidence stronger associations to smoking variables relative to the MBS. 

2. Methods 

2.1. Participants 

Fifty daily smokers were recruited for a parent study that primarily 
aimed to examine the relation between cognitive-affective and physio-
logical processes and smoking behaviors. The current study included all 

recruited 50 participants for the parent study. Inclusion criteria estab-
lished for the parent study were; 1) ≥ 5 cigarettes per day (CPD) for the 
past one year; 2) 19–50 years old; 3) normal or corrected-to-normal 
color vision; 4) fluent in English; 5) ability to work with computer; 6) 
verification of smoking status via carbon monoxide (CO) analysis of 
breath sample > 8 ppm (Javors et al., 2005). Exclusion criteria estab-
lished for the parent study included; 1) ≥ 35 body mass index; 2) evi-
dence of current or past substance use disorder; 3) use of any smoking 
cessation aids or medication; 4) use of other tobacco or nicotine prod-
ucts for regular use; 5) current or past psychosis; 6) current suicidal or 
homicidal ideation; 7) inability to provide written informed consent; 8) 
visual or hearing impairments that interfere with the completion of 
computerized tasks. Participants were excluded on the basis of age (i.e., 
> 50) and body mass index (i.e., > 35) given the effect these parameters 
may have on a central physiological predictor of interest (i.e., heart rate 
variability) included in the parent investigation (e.g., age; Abhishekh 
et al., 2013; Sinnreich et al., 1998; body mass index; Koenig et al., 2014; 
Molfino et al., 2009). Of note, due to assessment errors, one participant 
with body mass index > 35 was accidentally enrolled in the parent study 
but retained for the current investigation given our analyses did not 
employ the physiological index affected. After data cleaning, data from 
48 participants were included in the analyses of the current study. See 
supplementary material 1 for sample size justification. 

2.2. Procedure 

Following a brief phone screen, eligible participants were instructed 
to smoke as usual and asked to complete an online survey via Qualtrics, 
which included a separate electronic consent for participation in online 
survey completion and Cigarette Purchase Task (MacKillop et al., 2008) 
prior to their laboratory visit, and were subsequently invited to the lab 
for their appointment. Upon the arrival to the lab, participants 
completed written informed consent for the in-person portion of the 
study. Smoking status was confirmed through both Timeline Followback 
and biochemical verification via carbon monoxide (CO) analysis of 
breath sample (≥8 ppm; Javors et al., 2005). Next, participants 
completed self-report assessments to gather additional demographic 
information, past one-month substance use, and smoking patterns and 
history. Following completion of self-report forms, participants were 
asked to smoke a cigarette of their usual brand in a designated smoking 
room to standardize nicotine withdrawal and craving. Participants 
smoked the cigarette using the Clinical Research Support System 
(CReSS) pocket device that recorded smoking topography. Next, par-
ticipants completed a battery of self-reports that measured state affect, 
withdrawal symptoms, and craving, and the modified Cigarette Evalu-
ation Questionnaire (Cappelleri et al., 2007). Participants then 
completed two brief behavioral tasks and were affixed to physiological 
sensors. At this point, participants were randomized to one of two affect 
manipulation conditions (conditions A and B), completed two brief 
computerized tasks, and then the AB tasks three times, separated by 
affect manipulations (supplementary Fig. 1). Finally, participants 
completed a smoking analog task. Self-report ratings of state affect and 
craving were collected between each task phase (i.e., AB + affect 
manipulation). The full protocol of the study lasted approximately 3.5 h 
and participants were compensated up to $76. The current study reports 
the results of the measures listed in the Measures section. 

2.3. Apparatus and material 

2.3.1. Modified dot-probe task 
The task included 164 experimental trials. A set of 36 pairs of 

smoking and non-smoking neutral images (S-N trial) and 5 pairs of 
neutral images (NT-NT trial) were randomly presented four times each 
(41 trials × 4 blocks). The image presentation order was randomized 
across participants. Trials began with a presentation of a central fixation 
cross (500 ms), followed by a left–right bilateral presentation of paired 
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images (500 ms), after which, a target probe appeared on either right or 
left side of the screen and remained until the participants identified 
which side the target probe was presented on using the keyboard (e.g., 
Beevers et al., 2019; Zvielli et al., 2015). A distractor probe (one dot) 
appeared opposite the target probe (two dots) in order to increase the AB 
task demand (Garland et al., 2012). Responses were recorded using a 
keyboard by pressing either ‘f (left)’ or ‘j (right)’ keys according to the 
location of target probe presentation. For the S and N image pairs, the 
number of presentations was fixed to nine in each cell of the 2 × 2 
condition (location [right vs left] × congruency [congruent vs incon-
gruent]) in each block. That is, the locations of the target probe and the S 
images were counterbalanced within each block. The intertrial interval 
randomly varied (i.e., 500 ms or 1500 ms) to prevent habituation. The 
interstimulus interval was set to 250 ms. There was no break between 
the blocks. The images used for S-N and NT-NT trials were selected from 
the International Smoking Image Series (Gilbert & Rabinovich, 1999) 
and the International Affective Picture System (see supplementary 
Table 1; Lang et al., 2008). E-Prime 2.0 software (Psychology Software 
Tools, Pittsburgh, PA) was used to program and conduct the AB task (see 
supplementary material 2 for details). 

2.3.2. Affect manipulation 
Two affect manipulation conditions (i.e., A and B) were implemented 

to manipulate negative and neutral affect. Participants randomized to 
each condition completed three phases of affect manipulation that 
included speech preparation, reading a book, and watching a video clip 
(see supplementary material 3 for details). 

2.4. Measures 

2.4.1. Self-report measures 
The self-report measures collected at baseline were included in the 

current study. A 30-item Smoking History Questionnaire (Brown et al., 
2002) was used to assess the age of onset of smoking, and years of being 
a daily smoker. Timeline Followback (TLFB; Sobell & Sobell, 1992) and 
Fagerström Test for Cigarette Dependence (Heatherton et al., 1991) 
were used to assess CPD and nicotine dependence. To measure the 
reinforcing effect of cigarettes, 26-item Cigarette Purchase Task (CPT; 
MacKillop et al., 2008) and the 12-item Modified Cigarette Evaluation 
Questionnaire (mCEQ; Cappelleri et al., 2007) were used. CPT includes 
five measures (intensity, maximum price per cigarette [Pmax], break-
point, the largest cost to obtain cigarette [Omax], and elasticity). The 
mCEQ includes five subscales: 3-item satisfaction (Cronbach’s α = 0.87 
in the current sample), 5-item psychological reward (α = 0.80 in the 
current sample), 1-item enjoyment of respiratory tract sensation, 1-item 
craving reductions, and 2-item aversion. The aversion subscale was not 
used in the current study due to its low variability. For manipulation 
check, state positive and negative affect were assessed at baseline and 
after each affect manipulation with the 10-item Positive and Negative 
Affect Schedule (PANAS; Thompson, 2007; range α = 0.35–0.55 and 
0.89–0.92 for negative and positive affect in the current sample, 
respectively). 

2.4.2. Smoking topography 
The CReSS Pocket Device (Clinical Research Support System for 

Laboratories; Hauni Group) was used to measure smoking topography as 
a proxy for in vivo smoking reinforcement. The CReSS measured puff 
level data including: 1) volume of puff (mL), 2) duration of puff (sec-
onds), 3) interval between puffs (IPI; seconds), and 4) velocity (mL/ 
seconds). Velocity (mL/seconds) was calculated from the volume and 
duration values. In the current investigation, puff topography parame-
ters were conceptualized as behavioral proxies of smoking reinforce-
ment. For example, extant studies have shown that larger puff volumes, 
sustained duration of puff, and shorter IPI indicate greater reinforce-
ment (Borges et al., 2019; Farris et al., 2017). Averages of these indices 
across smoking a single cigarette were used for the analyses. 

2.4.3. Attentional Bias (AB) scores 
After data cleaning (see supplementary material 2 for details), MBS 

was computed by subtracting mean RT across congruent trials (i.e., 
target behind cigarette image) from mean RT across incongruent trials 
(i.e., target behind neutral image). Greater MBS indicates greater AB 
toward cigarette cues. TLBS was computed by subtracting temporally 
adjacent pairs of congruent and incongruent trial RTs (i.e., no further 
than five trials away). This approach produces a time series of TLBSs per 
participant (see supplementary Fig. 2). There are five TLBS indices 
categorized into three domains. First, AB toward cigarette cue is indexed 
by mean toward (average of TLBS > 0 ms) and peak toward (maximum 
TLBS > 0 ms). A greater value of TLBS toward indicates greater AB to-
ward cigarette cues. Second, AB away from cigarette cue is indexed by 
mean away (average of TLBS < 0 ms) and peak away (maximum TLBS <
0 ms). A greater absolute value of TLBS away indicates a greater ten-
dency to move attention away from cigarette cues. Finally, the stability 
of AB was indexed by variability (the average of the absolute value of the 
sequential differences in TLBSs) that indicates temporal stability of AB 
toward or away over time. Greater TLBS variability indicates less sta-
bility in the expression of AB. TLBS indices were computed by utilizing 
the R package itrak with the “nearest” option (Beevers et al., 2019), 
consistent with Zvielli et al.’s method. 

2.5. Analysis 

Descriptive statistics, two-way mixed ANOVA, reliability, and cor-
relation analyses were conducted in Rstudio (version 1.4.1106). Partial 
correlation analyses were conducted in JASP (version 0.16.2). Outliers 
and normality were examined. Supplementary material 4 presents data 
reduction procedures used for smoking topography and CPT data. Ab-
solute values of TLBS were used in the current analysis. The TLBS indices 
as well as smoking topography and CPT task data were log transformed 
due to skew per the recommendation in the literature (Tabachnick & 
Fidell, 2018). To test the possible effect of affect manipulation on AB 
indices, two-way mixed ANOVA was conducted. Correlation analyses 
were conducted between theoretically relevant demographic/smoking 
variables (i.e., age, sex, income, CPD) and study variables. Split-half 
reliability was tested by both intra class correlation (ICC) and Pear-
son’s r to examine internal consistency of MBS and TLBS aligned with 
previous methods (Jones et al., 2018; Molloy & Anderson, 2020). To 
compute the reliability indexed by average-measure ICC, psych R pack-
age was used. For MBS, split-half reliability was examined between odd 
and even-numbered trials in each AB task. For TLBS, due to the impor-
tance of temporal sequence in computing TLBS, split-half reliability was 
tested between first- and second-half of each AB task. Test-retest reli-
ability of each MBS and TLBS was tested by both single-measure ICC and 
Pearson’s r between AB1 and AB2, and then between AB2 and AB3. The 
0.7 cut-off criterion (i.e., acceptable) was used to determine the strength 
of the internal reliability (Kline, 1999). To detect any potential impact of 
affect manipulation on each AB index, internal consistency and 
test–retest were also examined in each condition. To test the external 
validity of the AB indices, correlation analyses were conducted between 
the AB indices of AB1 and nicotine dependence, mCEQ, smoking 
topography, and CPT measures. Partial correlation analyses were run for 
the outcome variables that were significantly associated with de-
mographic variables or CPD. 

3. Results 

3.1. Sample characteristics 

Among fifty participants, two participants were removed from the 
main analyses. One was removed due to low CO level (<2ppm) and the 
other due to more than 50 % of their AB data being lost during the 
cleaning procedure. The current results are from the remaining n = 48 
participants. Table 1 shows the demographic characteristics and 
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descriptive statistics of the study variables. 

3.2. Testing the effect of affect manipulation condition on AB indices 

The two-way mixed ANOVA results revealed no significant interac-
tion between condition and time on subsequent AB (supplementary 
Table 2) despite evidence of a significant manipulation effect (supple-
mentary Table 3). Therefore, the data from the two conditions were 
combined and used in the subsequent analyses. 

3.3. Internal consistency across timepoints 

As expected, the MBS exhibited low and mostly non-significant in-
ternal consistency across timepoints for both ICC and Pearson’s r split- 
half reliability estimates (Table 2). All of the TLBS indices were signif-
icant. For ICC, the internal consistency of the TLBS indices ranged from 
0.79 to 0.95, indicating high internal consistency. The overall level of 
internal consistency as indexed by Pearson’s r stayed at the acceptable to 
high level, while TLBS peak toward at AB1 and AB3, peak away at AB2, 
and mean toward at AB3 demonstrated relatively low internal consis-
tency with a wide confidence interval. Similar findings were observed in 
the analyses within each condition excepting for the MBS demonstrating 
significant internal consistency, albeit in nonacceptable ranges, at AB1 
and AB3 in the condition B (Supplementary Table 4). 

3.4. Test-retest reliability 

The results of the test–retest reliability analyses in each pair of AB1- 
AB2 and then AB2-AB3 were in the expected direction such that MBS, 
either indexed by ICC or Pearson’s r, demonstrated nonsignificant and 
very low test–retest reliability (Table 3). Not surprisingly, the TLBS 
indices demonstrated significant, acceptable to high level of test–retest 
reliability while somewhat consistent with the results of internal con-
sistency, the TLBS indices of peak toward demonstrated relatively low, 
yet significant, test–retest reliability for the comparison pair of AB1 and 
AB2. The results of the analyses within each condition did not sub-
stantially change with the exception of the MBS demonstrating signifi-
cant test–retest reliability, albeit in nonacceptable ranges, for the AB2- 
AB3 comparison pair in the condition A (Supplementary Table 5). 

3.5. External validity: Correlation results 

Correlation analyses revealed significant associations between sex 
and MBS (Spearman’s rho = − .33, p = .024, 95% confidence interval 

Table 1 
Sample Characteristics and Descriptive Statistics (N = 48).  

Variable M (SD) Range 

Sex (n females, %) 15 (31.3 %)  
Age 33.96 (7.73) 19–50 
Hispanic/Latinx (yes; n, %) 7 (14.6 %) – 
Race (n, %)   

White 27 (56.3 %) – 
Black 13 (27.1 %) – 
Others 5 (10.4 %) – 
More than on race 3 (6.3 %) – 

Income (n, %)1   

< $5,000 19 (39.6 %) – 
< $35,000 19 (39.6 %) – 
≥ $35,000 6 (12.5 %) – 

CPD 14.60 (5.46) 7.25 – 30.00 
Nicotine dependence 6.00 (1.83) 0.00 – 10.00  

AB1 (n ¼ 47)2   

MBS 4.15 (19.81) − 56.17–74.01 
TLBS – mean toward 92.51 (46.71) 39.04 – 245.46 
TLBS – mean away 90.47 (49.47) 34.11 – 258.20 
TLBS – peak toward 327.83 (165.47) 139.00 – 758.00 
TLBS – peak away 318.00 (170.26) 104.00 – 787.00 
TLBS – variability 78.40 (39.80) 32.72 – 212.76 

AB2 (n ¼ 46)2   

MBS 10.26 (24.21) − 79.19 – 95.74 
TLBS – mean toward 96.88 (53.67) 42.27 – 297.37 
TLBS – mean away 94.49 (53.99) 41.06 – 260.65 
TLBS – peak toward 348.61 (172.74) 112.00 – 828.00 
TLBS – peak away 334.74 (185.49) 122.00 – 962.00 
TLBS – variability 80.34 (47.12) 35.73 – 249.48 

AB3 (n ¼ 45)2   

MBS 2.56 (21.93) − 56.13 – 53.72 
TLBS – mean toward 97.36 (51.92) 35.85 – 280.37 
TLBS – mean away 93.19 (52.63) 31.88 – 238.37 
TLBS – peak toward 352.38 (188.34) 117.00 – 864.00 
TLBS – peak away 341.47 (187.82) 136.00 – 829.00 
TLBS – variability 81.51 (43.92) 31.86 – 209.12 

Note. 1n = 4 missing. 2 data missing for n = 1 in AB1, n = 2 in AB2, and n = 3 in 
AB3 for procedural and/or technical reasons. CPD = Cigarette per day. AB =
Attentional bias task. MBS = Mean bias score. TLBS = Trial-level bias score. The 
TLBS indices are presented in absolute values. 

Table 2 
Internal Consistency (N = 48).  

Split-half reliability ICCþ 95 % CI Pearson’s r 95 % CI 

AB 1     
MBS  .37 − .02, .61  .23 − .06, .49 
TLBS – mean toward  .91*** .86, .95  .84*** .74, .91 
TLBS – mean away  .92*** .87, .95  .85*** .75, .92 
TLBS – peak toward  .79*** .66, .87  .65*** .45, .79 
TLBS – peak away  .89*** .82, .93  .81*** .67, .89 
TLBS – variability  .95*** .91, .97  .91*** .84, .95 

AB 2     
MBS  .40* .05, .62  .27 − .02, .52 
TLBS – mean toward  .85*** .75, .91  .76*** .60, .86 
TLBS – mean away  .86*** .77, .91  .75*** .59, .86 
TLBS – peak toward  .84*** .74, .91  .75*** .59, .85 
TLBS – peak away  .79*** .66, .87  .68*** .48, .81 
TLBS – variability  .94*** .89, .96  .90*** .82, .94 

AB 3     
MBS  .31 − .11, .58  .19 − .10, .46 
TLBS – mean toward  .79*** .65, .88  .68*** .49, .81 
TLBS – mean away  .88*** .81, .93  .79*** .65, .88 
TLBS – peak toward  .80*** .66, .88  .68*** .48, .81 
TLBS – peak away  .83*** .72, .90  .71*** .52, .83 
TLBS – variability  .91*** .85, .94  .84*** .72, .91 

Note. * p <.05, ** p <.01, *** p <.001. + Average-measure with random-effects 
model with absolute agreement. MBS = Mean bias score. TLBS = Trial-level bias 
score. ICC = Intraclass correlation. CI = Confidence interval. The TLBS variables 
were log-transformed. 

Table 3 
Test-Retest Reliability (N = 48).  

Comparison ICCþ 95 % CI Pearson’s r 95 % CI 

AB 1 & AB 2     
MBS  .06 -.17, .29  .07 -.23, .35 
TLBS – mean toward  .76*** .64, .84  .76*** .60, .86 
TLBS – mean away  .84*** .76, .90  .83*** .72, .91 
TLBS – peak toward  .64*** .48, .76  .64*** .43, .79 
TLBS – peak away  .70*** .56, .80  .69*** .49, .82 
TLBS – variability  .88*** .81, .92  .87*** .78, .93 

AB 2 & AB 3     
MBS  .16 -.07, .37  .17 -.14, .44 
TLBS – mean toward  .82*** .73, .89  .82*** .70, .90 
TLBS – mean away  .81*** .71, .88  .81*** .68, .89 
TLBS – peak toward  .76*** .64, .84  .76*** .60, .86 
TLBS – peak away  .72*** .58, .82  .72*** .54, .84 
TLBS – variability  .87*** .80, .92  .88*** .79, .93 

Note. * p <.05, ** p <.01. + Single-measure with random-effects model with 
absolute agreement. AB = Attentional bias task. MBS = Mean bias score. TLBS =
Trial-level bias score. ICC = Intraclass correlation. CI = Confidence Interval. The 
TLBS variables were log-transformed. 
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[CI] = − .56, − .05), CPT elasticity (rho = .40, p = .006, 95%CI = .13, 
.62), and mCEQ craving reductions (rho = − .29, p = .045, 95%CI =
− .54, − .01), as well as between CPD and nicotine dependence (r = .59, 
p < .001, 95%CI = .37, .75), CPT Intensity (r = .69, p < .001, 95%CI =
.50, .82), and mCEQ satisfaction (r = .43, p = .002, 95%CI = .17, .64). 
Thus, partial correlation analyses between AB indices and these outcome 
variables were conducted by entering sex and/or CPD as covariates. 

Overall, the only significant association observed was between TLBS 
indices (mean away, peak toward, peak away, and variability) and the 
mCEQ satisfaction subscale (Table 4). These results indicate that expe-
riencing satisfaction following smoking a cigarette was associated with 
AB away from cigarette cues at both mean and peak level, AB towards 
cigarette cues at peak level, and greater instability of AB. The TLBS mean 
toward was marginally associated with mCEQ satisfaction (p = .059). 
MBS did not demonstrate any association with mCEQ satisfaction sub-
scale. Besides mCEQ satisfaction subscale, there was another marginal 
association between MBS and CPT Omax (p = .087). However, no other 
significant or marginal associations were found between AB indices and 
outcome variables. 

4. Discussion 

The current study examined the internal consistency, test–retest 
reliability, and external validity of MBS and TLBS measures derived 
from the visual dot-probe task among daily cigarette smokers. TLBS 
demonstrated superior reliability over MBS. However, AB indices were 
not significantly associated with the majority of the measures of bio-
behavioral and self-report indices of smoking reinforcement. 

Consistent with our hypothesis, the TLBS indices demonstrated su-
perior split-half reliability as indexed by both ICC and Pearson’s r, as 
compared to MBS indices. These observations are consistent with extant 

findings among individuals with depressive symptoms (Beevers et al., 
2019), social anxiety disorder (Molloy & Anderson, 2020), nicotine- 
deprived daily smokers (Zvielli et al., 2015), and youth with and 
without obesity (Vervoort et al., 2021). Notably, the magnitude of the 
split-half reliability of TLBS indices in the current study was higher than 
those in the previous studies, which is attributable to the higher number 
of S-N images (36 images) used in the current study (Jones et al., 2018). 

The results on the test–retest reliability, as indexed by both ICC and 
Pearson’s r, demonstrated a stark contrast between MBS and TLBS 
indices. None of the MBS demonstrated any significant stability over 
time, while all of the TLBS indices did, aligned with the extant findings 
(Carlson & Fang, 2020; MacLeod & Mathews, 1988; Price et al., 2015). It 
should be noted that our test–retest reliability was somewhat higher 
than previous studies that assessed AB on different days (Jones et al., 
2018; Molloy & Anderson, 2020) and derived AB indices from a smaller 
number of trials per block within a same AB task (Carlson & Fang, 2020). 
In the current study, all of the three AB tasks were temporally close (i.e., 
~8 min apart), which might explain high correlations. Another inter-
esting finding was that the TLBS peak toward/away, compared to other 
TLBS indices, demonstrated relatively lower, albeit significant, 
test–retest reliability, consistent with previous observations among in-
dividuals who use alcohol (Jones et al., 2018) and those with social 
anxiety disorder (Molloy & Anderson, 2020). While TLBS peak measures 
are conceptualized as the maximum phasic expression of AB, their utility 
and implication require further investigation. 

Finally, there was limited evidence on the external validity of both 
MBS and TLBS. The only significant finding was on the association be-
tween TLBS indices and perceived satisfaction indexed by mCEQ after 
controlling for CPD, although the pattern was mixed such that TLBS 
indices of both toward and away from cigarette cues were positively 
associated with mCEQ satisfaction subscale. While no studies, to the best 

Table 4 
Correlation Analyses (N = 48).  

Variable 
(p-value; 95 %CI) 

MBS TLBS Mean Toward TLBS Mean Away TLBS Peak Toward TLBS Peak Away TLBS Variability 

Nicotine Dependence .22¶+ .05+ − .01+ .01+ − .12+ .03+

(.141; − .15, .48) (.726; − .33, .45) (.928; − .41, .38) (.956; − .32, .41) (.445; − .45, .27) (.823; − .35, .42) 
Smoking Topography Variables 

Volume .07¶ − .11 − .11 − .06 − .01 − .11  
(.628; − .24, .32) (.486; − .38, .19) (.454; − .39, .18) (.689; − .35, .23) (.964; − .30, .28) (.469; − .39, .19) 

Duration − .04¶ − .04 .02 − .01 .13 .01  
(.809; − .30, .20) (.802; − .33, .26) (.906; − .27, .31) (.937; − .30, .28) (.402; − .17, .40) (.928; − .28, .30) 

IPI .20¶ .05 − .00 .24 .01 .03  
(.187; − .06, .44) (.738; − .24, .34) (.991; − .29, .29) (.116; − .06, .49) (.948; − .28, .30) (.840; − .26, .32) 

Velocity .09¶ − .07 − .13 − .07 − .15 − .13  
(.559; − .21, .33) (.639; − .35, .22) (.387; − .41, .17) (.649; − .35, .23) (.319; − .42, .15) (.376; − .41, .16) 

CPT Variables       
Elasticity − .24¶ − .06¶ .07¶ − .01¶ .09¶ .01¶  

(.127; − .48, .13) (.683; − .31, .30) (.680; − .25, .28) (.942; − .28, .43) (.585; − .17, .29) (.949; − .22, .29) 
Intensity .04¶+ .11+ .23+ .04+ .21+ .18+

(.818; − .23, .26) (.490; − .19, .41) (.146; − .06, .49) (.794; − .24, .33) (.174; − .11, .48) (.252; − .12, .47) 
Omax .26¶ .02 − .04 − .02 − .12 − .04  

(.087; .01, 0.50) (.896; − .28, .32) (.804; − .33, .26) (.878; − .32, .28) (.457; − .40, .19) (.778; − .34, .26) 
Pmax .20¶ − .00 − .08 − .04 − .18 − .07  

(.189; − .08, .46) (.999; − .30, .30) (.625; − .36, .23) (.813; − .33, .26) (.249; − .45, .13) (.657; − .36, .23) 
Breakpoint .22¶ − .01 − .09 − .05 − .19 − .09  

(.164; − .04, .44) (.968; − .30, .29) (.561; − .38, .21) (.727; − .35, .25) (.223; − .46, .12) (− .583; − .37, .22) 
mCEQ Variables      

Satisfaction .00¶+ .28+ .36+* .31+* .31+* .35+*  
(.990; − .25, .31) (.059; .02, .54) (.015, .07, .61) (.040; .04, .56) (.039; .02, .57) (.019; .07, .60) 

Reward .10¶ − .11 − .06 − .05 − .11 − .10  
(.523; − .14, .37) (.473; − .39, 19) (.699; − .34, .24) (.723; − .34, .24) (.458; − .39, .18) (.531; − .38, .20) 

Enjoyment .13¶ .14 .19 .13 .17 .15  
(.408; − .11, .32) (.348; − .16, .42) (.208; − .11, .45) (.391; − .17, .41) (.257; − .13, .44) (.323; − .15, .42) 

Craving Reductions − .18¶ − .20¶ − .04¶ − .14¶ − .08¶ − .09¶  

(.248; − .44, .20) (.195; − .47, .09) (.788; − .32, .23) (.376; − .47, .18) (.615; − .36, .20) (.573; − .36, .20) 

Note. * p <.05. ¶ Sex was covariate. + Cigarettes per day (CPD) was covariate. ¶+ Both sex and CPD were covariates. CI = Confidence interval, MBS = Mean bias score, 
TLBS = Trial-level bias score, CPT = Cigarette Purchase Task. mCEQ = Modified Cigarette Evaluation Questionnaire. The MBS and TLBS indices were derived from 
AB1. The variables of TLBS, smoking topography, and CPT were log-transformed. 
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of our knowledge, have examined the association between AB indices 
assessed by the dot-probe task and the mCEQ, it is notable that TLBS 
indices, but not MBS, were associated with the degree of satisfaction one 
experiences following smoking. It is also noteworthy that no relation 
between the AB indices and other smoking indices was observed. 
Although the small sample size warrants caution in the interpretation of 
results, our overall mixed findings are aligned with accumulating evi-
dence on the inconsistent and limited associations between TLBS and 
theoretically relevant variables in various populations (Beevers et al., 
2019; Carlson & Fang, 2020; Jones et al., 2018; Vervoort et al., 2021), as 
well as those between MBS and various smoking processes and behav-
iors (Drobes et al., 2019; Mogg et al., 2005; Rehme et al., 2018; Spie-
gelhalder et al., 2011; Waters et al., 2003). Pertaining to TLBS, one study 
has identified a significant relation between TLBS indices and CPD 
among deprived daily smokers (Zvielli et al., 2015). Our study partici-
pants were not required to be abstinent prior to smoking a cigarette 
using CReSS device, which might explain our null findings. Laboratory 
manipulation of withdrawal symptoms may strengthen these 
associations. 

There are several limitations in the current study. First, the effect of 
general RT variability on the reliability of TLBS was not accounted for 
due to the limited number of NT-NT trials. Our AB task was carefully 
designed by reviewing existing AB designs (e.g., number of S-N and NT- 
NT trials; Jones et al., 2018; Zvielli et al., 2015). Given recent evidence 
on the potential impact of general RT variability on the TLBS reliability 
(Carlson & Fang, 2020; Vervoort et al., 2021), this possibility should be 
tested in future studies with a sufficient number of NT-NT trials. Second, 
there were 144 S-N trials used in the current analyses. It is possible that 
the reliability of the TLBS peak toward/away is improved with a higher 
number of trials. Third, the current study design may not be optimal for 
testing test–retest reliability given affect manipulation and especially 
given the significant time and condition interaction effect on state affect 
in the current sample. However, our analyses indicated that manipula-
tion condition did not have a substantial impact on the AB indices. 
Replication of the current findings is warranted. Third, although all 
participants in our sample reported daily cigarette use and cigarettes as 
their primary form of nicotine consumption, it is notable that n = 4 
reported vaping. Although post-hoc analysis indicated no AB score dif-
ferences in our sample as a function of vaping, future work would 
benefit from separate examination of AB task scores in other nicotine or 
co-nicotine using samples. Finally, participants were not nicotine 
deprived, which might have contributed to our null findings on the as-
sociation between AB indices and most of the smoking indices. 

Taken together, our findings add to evidence that TLBS, as compared 
to MBS, is a more reliable measure of AB. With the limited evidence on 
the external validity of TLBS in mind, the current results add to the 
literature supporting that AB may not be a stable construct, but a 
construct that fluctuates even within a single session of AB task. 
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Schäfer, J., Bernstein, A., Zvielli, A., Höfler, M., Wittchen, H. U., & Schönfeld, S. (2016). 
Attentional bias temporal dynamics predict posttraumatic stress symptoms: A 
prospective–longitudinal study among soldiers. Depression and Anxiety, 33(7), 
630–639. 

Sinnreich, R., Kark, J., Friedlander, Y., Sapoznikov, D., & Luria, M. (1998). Five minute 
recordings of heart rate variability for population studies: Repeatability and age–sex 
characteristics. Heart, 80(2), 156–162. 

Sobell, L. C., & Sobell, M. B. (1992). Timeline follow-back. In Measuring Alcohol 
Consumption (pp. 41–72). Humana Press.  

Spiegelhalder, K., Jahne, A., Kyle, S. D., Beil, M., Doll, C., Feige, B., & Riemann, D. 
(2011). Is Smoking-related Attentional Bias a Useful Marker for Treatment Effects? 
Behavioral Medicine, 37(1), 26–34. https://doi.org/10.1080/08964289.2010.543195 

Tabachnick, B. G., & Fidell, L. S. (2018). Using Multivariate Statistics (6th ed.). Pearson 
Education, Limited. 

Thompson, E. R. (2007). Development and validation of an internationally reliable short- 
form of the positive and negative affect schedule (PANAS). Journal of Cross-cultural 
Psychology, 38(2), 227–242. https://doi.org/10.1177/0022022106297301 

Vervoort, L., Braun, M., De Schryver, M., Naets, T., Koster, E. H., & Braet, C. (2021). 
A pictorial dot probe task to assess food-related attentional bias in youth with and 
without obesity: Overview of indices and evaluation of their reliability. Frontiers in 
Psychology, 12, 561. https://doi.org/10.3389/fpsyg.2021.644512 

Waters, A. J., Shiffman, S., Bradley, B. P., & Mogg, K. (2003). Attentional shifts to 
smoking cues in smokers. Addiction, 98(10), 1409–1417. https://doi.org/10.1046/ 
j.1360-0443.2003.00465.x 

Zvielli, A., Bernstein, A., & Koster, E. H. (2015). Temporal dynamics of attentional bias. 
Clinical Psychological Science, 3(5), 772–788. https://doi.org/10.1177/ 
2167702614551572 

M.-J. Yang et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.drugalcdep.2008.03.030
https://doi.org/10.1007/s00213-011-2618-4
https://doi.org/10.1007/s00213-011-2618-4
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0095
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0095
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0095
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0100
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0100
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0100
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0110
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0110
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0110
https://doi.org/10.1111/j.1360-0443.2004.00957.x
https://doi.org/10.1111/j.1360-0443.2004.00957.x
https://doi.org/10.1037/adb0000414
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0125
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0130
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0130
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0130
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0130
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0166600%23sec033
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0166600%23sec033
https://doi.org/10.1037/1064-1297.16.1.57
https://doi.org/10.1080/14640748808402292
https://doi.org/10.1080/14640748808402292
https://doi.org/10.3389/fnbeh.2019.00154
https://doi.org/10.1007/s00213-005-2158-x
https://doi.org/10.1007/s00213-005-2158-x
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0165
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0165
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0165
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0165
https://doi.org/10.1037/pas0000912
https://doi.org/10.1037/pas0000912
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0175
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0175
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0175
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0175
https://doi.org/10.1016/j.euroneuro.2017.12.003
https://doi.org/10.1016/j.euroneuro.2017.12.003
https://doi.org/10.1037/abn0000184
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0190
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0190
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0190
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0190
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0195
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0195
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0195
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0200
http://refhub.elsevier.com/S0306-4603(22)00222-2/h0200
https://doi.org/10.1080/08964289.2010.543195
https://doi.org/10.1177/0022022106297301
https://doi.org/10.3389/fpsyg.2021.644512
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1046/j.1360-0443.2003.00465.x
https://doi.org/10.1177/2167702614551572
https://doi.org/10.1177/2167702614551572

	Trial-level bias score versus mean bias score: Comparison of the reliability and external validity using dot-probe task amo ...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Procedure
	2.3 Apparatus and material
	2.3.1 Modified dot-probe task
	2.3.2 Affect manipulation

	2.4 Measures
	2.4.1 Self-report measures
	2.4.2 Smoking topography
	2.4.3 Attentional Bias (AB) scores

	2.5 Analysis

	3 Results
	3.1 Sample characteristics
	3.2 Testing the effect of affect manipulation condition on AB indices
	3.3 Internal consistency across timepoints
	3.4 Test-retest reliability
	3.5 External validity: Correlation results

	4 Discussion
	Role of funding source
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary material
	References


