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2  Attentional Bias Variability and Conflict 

Abstract 16 

Attentional bias variability is related to alcohol abuse. Of potential use for studying variability is 17 

the anticipatory attentional bias: Bias due to the locations of predictively-cued rather than 18 

already-presented stimuli. The hypothesis was tested that conflicting automatic associations are 19 

related to attentional bias variability. Further, relationships were explored between anticipatory 20 

biases and individual differences related to alcohol use. 74 social drinkers performed a cued 21 

Visual Probe Task and univalent Single-Target Implicit Associations Tasks. Questionnaires were 22 

completed on risky drinking, craving, and motivations to drink or refrain from drinking. Conflict 23 

was related to attentional bias variability at the 800 ms Cue-Stimulus Interval. Further, a bias 24 

related to craving and risky drinking was found at the 400 ms Cue-Stimulus Interval. Thus, the 25 

selection of attentional responses was biased by predicted locations of expected salient stimuli. 26 

The results support a role of conflicting associations in attentional bias variability. 27 
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Attentional biases can be described as automatic effects on the selection of information for entry 32 

into working memory and influence on response selection (Cisler & Koster, 2010; Field & Cox, 33 

2008; Koster, Crombez, Van Damme, Verschuere, & De Houwer, 2005). While attentional 34 

biases are usually measured in response to the presentation of salient stimuli, as for instance in 35 

Dot-Probe, or Visual Probe Tasks (Cox, Fadardi, Hosier, & Pothos, 2015; Field & Cox, 2008; 36 

Field, Mogg, & Bradley, 2005; Mogg, Field, & Bradley, 2005; C. E. Wiers et al., 2016), 37 

anticipatory processes may also play a role in attentional biases. That is: If an individual has 38 

learned that a certain type of stimulus is likely to appear at a certain time or location, then this 39 

foreknowledge may evoke biases in pre-stimulus preparation (Le Pelley, Vadillo, & Luque, 40 

2013; Luque et al., 2016; Notebaert, Crombez, Van Damme, De Houwer, & Theeuwes, 2011; 41 

Van Damme, Crombez, Hermans, Koster, & Eccleston, 2006). Automatic shifts in attention to or 42 

away from upcoming stimuli would be driven by their predicted outcomes, i.e. the consequences 43 

of making the shift, if and when the stimulus occurs. This is interesting, first, from the 44 

perspective of theories of reflective cognition in which cognitive responses are selected based on 45 

their reinforcement (de Wit & Dickinson, 2009; Gladwin & Figner, 2014; Gladwin, Figner, 46 

Crone, & Wiers, 2011). Such anticipatory attentional processes could be related to disorders such 47 

as addiction, similarly to attentional biases due to actually-presented stimuli. However, as yet 48 

such relationships are to our knowledge largely unknown. Second, predictive cues are 49 

methodologically attractive. Due to the use of arbitrary, visually neutral cues that can be 50 

randomized over participants, confounding effects due to differences in visual features between 51 

the items in different categories are excluded; biases are due purely to anticipatory effects, 52 

without influences arising from actual stimulus presentation; and variability due to differences 53 

between items from the stimulus categories is removed.  54 
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 55 

This latter feature is particularly interesting when studying attentional bias variability (ABV). 56 

ABV is a relatively novel measure of within-subject variability in attentional bias, reflecting 57 

fluctuations in biases rather than a consistent direction of bias. This was originally studied in the 58 

context of anxiety and PTSD (Iacoviello et al., 2014; Naim et al., 2015; Zvielli, Bernstein, & 59 

Koster, 2014). Risky drinking has been found to be related to increased ABV for alcohol stimuli 60 

(Gladwin, 2016). It is important to better understand ABV, as an interesting phenomenon in 61 

itself, but also as it might be necessary to consider for testing manipulations aimed at attentional 62 

biases and for clinical goals such as outcome prediction. ABV could hypothetically arise from 63 

conflicting influences on (cognitive) action selection. It has been previously noted that 64 

individuals may have ambivalent motivational associations, such as both approach and avoidance 65 

tendencies, or evaluating stimuli as both appetitive and aversive (e.g., Field et al., 2016). Such 66 

ambivalence has been observed by considering temporal dynamics. Note that after the 67 

occurrence of a stimulus, processes or memory representations become activated or inhibited 68 

with a certain time course – some processes may be activated quickly and strongly but briefly, 69 

while others take longer to develop but stay active more persistently. If the selection of 70 

(behavioural or cognitive) responses depends on the pattern of activation at a given point in time, 71 

simply varying the time point at which responses are executed or assessed could determine 72 

whether those responses reflect “automatic” or “controlled” processes. Such dynamics may play 73 

an essential role in the interplay between automatic and reflective processes from various 74 

theoretical perspectives (Cunningham, Zelazo, Packer, & Van Bavel, 2007; Gladwin & Figner, 75 

2014; Gladwin et al., 2011). In alcohol research, biases related to risky drinking can reverse 76 

depending on precise timing parameters, flipping from approach to avoidance (Noël et al., 2006; 77 
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Townshend & Duka, 2007; Vollstädt-Klein, Loeber, von der Goltz, Mann, & Kiefer, 2009), 78 

indicating that both approach and avoidance associations are present. Thus, within the same 79 

participant there may be processes drawing attention towards a salient stimulus, and processes 80 

moving attention away from the same stimulus. If these processes overlap in time, then which 81 

process is dominant versus inhibited may vary over trials, resulting in increased ABV. The 82 

primary aim of the current study was to test this hypothesis for alcohol-related ABV. 83 

 84 

To this aim, a cued Visual Probe Task (cVPT) was used (Figure 1), in which trials were divided 85 

into Picture and Probe types. On Picture trials, pairs of abstract cues were replaced by alcoholic 86 

and non-alcoholic images. The cues predicted at which locations the stimuli belonging to the 87 

different categories would appear. On Probe trials, probe stimuli appeared at the cued locations 88 

instead of the pictures, and participants had to respond to the probe. This allowed scores 89 

reflecting anticipatory attentional biases due to the predicted picture locations to be measured. 90 

The task was designed to remove some sources of noise in ABV, by never repeating responses or 91 

stimulus locations from trial to trial (see Methods for details). Bias scores and ABV were related 92 

to conflict involving ambivalent associations, defined using separate univalent Single-Target 93 

Implicit Association Tests (STIATs). These tests are categorization tasks in which multiple 94 

categories are mapped to a single response key, leading to interference when the mapping is 95 

incongruent with the memory association between categories (De Houwer, Teige-Mocigemba, 96 

Spruyt, & Moors, 2009; Greenwald, McGhee, & Schwartz, 1998). Risky drinking has been 97 

related to associations between alcohol and approach (Ostafin & Palfai, 2006; Palfai & Ostafin, 98 

2003; Thush & Wiers, 2007), which may also mediate effects of approach-avoidance retraining 99 

for alcoholism (Gladwin et al., 2015). It has been argued that effects on alcohol-valence 100 
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associations (Houben, Nosek, & Wiers, 2010; Houben, Rothermund, & Wiers, 2009; R. W. 101 

Wiers, van Woerden, Smulders, & de Jong, 2002) may involve conflicting, i.e., both negative 102 

and positive, associations with alcohol (den Uyl, Gladwin, & Wiers, 2014). Using univalent 103 

STIATs allows these bipolar associations to be separated (Dickson, Gately, & Field, 2013), so 104 

that an individual could have high scores on both alcohol-positive and alcohol-negative 105 

associations simultaneously. These scores were transformed to ambivalence scores to 106 

operationalize the hypothesis of a relationship between conflict and ABV.  107 

 108 

Further, as discussed above it is possible that effects on attentional biases are strongly dependent 109 

on the timing of probe stimuli relative to preceding cues. Based on previous research involving 110 

reactive attentional bias (i.e., evoked by the occurrence of a stimulus rather than by a predictive 111 

cue as in the current study) discussed above, effects involving an approach bias could be 112 

expected to occur at shorter Cue-Stimulus Intervals (CSIs) and avoidance at longer CSIs, and 113 

effects involving ABV could be expected around 600 ms. However, effects involving 114 

anticipatory biases could well involve different temporal dynamics, so that no strong specific 115 

predictions are possible. Therefore, in the current task a range of intervals were used between the 116 

presentation of cues and probe stimuli. 117 

 118 

A secondary aim was to explore whether the anticipatory attentional bias was related to risky 119 

drinking and various motivations to drink or to refrain from drinking. While not the primary aim 120 

of the study, these analyses could indicate the type of psychological process involved with the 121 

bias and provide a first step and clear predictions for future studies. 122 
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Methods 123 

Subjects 124 

74 healthy adult participants (60 female, 14 male, mean age 21, SD = 2.0) successfully 125 

completed the experiment and were included in the analyses. Participants were recruited from a 126 

student population via a participant pool system and were included in the analytical sample if 127 

they completed the full experiment and did not have lower than 0.5 accuracy (which would 128 

indicate responding at random) on any condition (i.e., combination of factors used in analyses, 129 

such as probe-on-alcohol, CSI 200 ms) of the cVPT or either STIAT, to exclude participants who 130 

were not sufficiently engaged with the tasks (n = 8). 131 

Materials 132 

The online questionnaires and tasks were programmed in JavaScript, PHP, CSS and HTML; the 133 

code is available on request. 134 

Questionnaires 135 

The following questionnaires were used to measure hazardous drinking, craving, and 136 

motivational factors related to drinking and refraining from drinking. The 3-item Alcohol Use 137 

Disorders Identification Test - Consumption, AUDIT-C, is a brief but validated measure of 138 

hazardous drinking (Bradley et al., 2007; Bush, Kivlahan, McDonell, Fihn, & Bradley, 1998; 139 

Gordon et al., 2001; Gual, Segura, Contel, Heather, & Colom, 2002). Scores above 3 on the 140 

AUDIT-C are considered to reflect risky drinking (Bradley et al., 2007; Bush et al., 1998). The 141 

AUDIT-C score is the sum of the three items, each of which was scored as 0 through 4 so that 142 

the range of the scale is 0 through 12. Cronbach’s alpha in the current sample was .83. 143 

 144 
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Motives to drink were assessed using the Drinking Motives Questionnaire Revised, DMQ-R (M. 145 

L. Cooper, 1994). This questionnaire provides four subscales, reflecting a two-dimensional 146 

model of drinking motives with axes positive-negative and internal-external (Cox & Klinger, 147 

1988): Enhancement, drinking to obtain internally generated positive reinforcement such as 148 

positive mood or well-being; Social, drinking to obtain externally generated positive 149 

reinforcement such as social rewards; Coping, drinking to reduce internally generated negative 150 

reinforcement such as the regulation of negative emotions; and Conformity, drinking to reduce 151 

externally generated negative reinforcement such as social rejection. Each subscale is the sum of 152 

five items, each of which was scored as 1 through 5 so that the range of each subscale is 5 153 

through 25. Cronbach’s alpha in the current sample was .91 for Enhancement; .89 for Social; .78 154 

for Coping; and .76 for Conformity. 155 

 156 

Motives to refrain from drinking were measured using the Reasons for Abstaining or Limiting 157 

Drinking questionnaire, RALD (Anderson, Grunwald, Bekman, Brown, & Grant, 2011; Epler, 158 

Sher, & Piasecki, 2009). This questionnaire provides three subscales, measuring different types 159 

of motives to refrain from drinking: Loss of Control, Adverse Consequences, and Convictions 160 

(e.g., drinking being against someone’s religion). Each subscale is the mean of the contributing 161 

items (four for Loss of Control, three for Adverse Consequences, and two for Convictions), each 162 

of which was scored as 1 through 4 so that the range of each subscale is 1 through 4. Cronbach’s 163 

alpha in the current sample was .71 for Loss of Control; .67 for Adverse Consequences; and .21 164 

for Convictions. 165 

 166 
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Craving for alcohol was measured with the Alcohol Craving Questionnaire – Short Form, ACQ 167 

(Connolly, Coffey, Baschnagel, Drobes, & Saladin, 2009; Singleton, Henningfield, Heishman, 168 

Douglas, & Tiffany, 1995). This questionnaire provides four subscales, of different aspects of 169 

craving: Compulsivity (urges and desires in anticipation of loss of control over drinking), 170 

Expectancy (urges and desires to drink in anticipation of the positive benefits of drinking), 171 

Purposefulness (urges and desires coupled with intent and planning to drink), and Emotionality 172 

(urges and desires to drink in anticipation of relief from withdrawal/negative effect). The scores 173 

on the Purposefulness scale were reversed, mapping 1 through 7 to 7 through 1, as low rather 174 

than high scores on this scale reflect intentions and plans to drink.  Each subscale is the sum of 175 

the contributing three items, each of which was scored as 1 through 7 so that the range of each 176 

subscale is 3 through 21. Cronbach’s alpha in the current sample was .55 for Compulsivity; .69 177 

for Expectancy; .39 for Purposefulness; and .85 for Emotionality. 178 

 179 

Participants also completed questionnaires related to mental health, which were not of interest 180 

for the current analyses but are reported here for transparency: The Buss-Perry Aggression 181 

Questionnaire (Buss & Perry, 1992), the Patient Health Questionnaire-9 for depression (Kroenke, 182 

Spitzer, & Williams, 2001), the six-item Spielberger State-Trait Anxiety Inventory (Marteau & 183 

Bekker, 1992), and the Trauma Screening Questionnaire (Brewin et al., 2002). 184 

Univalent Single-Target Implicit Association Tests (STIATs) 185 

Three versions of the STIAT were used. A Practice version was presented first, to familiarize 186 

participants with the task. The order of the other two STIATs, for Alcohol-Positive and Alcohol-187 

Negative associations, was randomized. 188 

 189 
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Practice consisted of three blocks of eight trials. In the first block, participants classified words 190 

into “Bipolar” categories: Living (word set: “Human”, “Animal”, “Bird”, “Tree”) or Non-living 191 

(“Rock”, “Gold bar”, “Table”, “Brick”). The category labels were shown on the top-left and top-192 

right side of the screen, and participants had to press the corresponding response key (F or J, 193 

respectively) when a word appeared at the center of the screen. The task continued after a 194 

response. Errors were followed by the presentation of “Incorrect” in red (500 ms). The 195 

assignment of the categories to the left versus right side was randomized per subject. In the 196 

second and third block, the “Target” category was added: Geometric (“Triangle”, “Circle”, 197 

“Square”, “Rectangle”). The Target label was shown under the corresponding Bipolar category 198 

label: In one block Living, and in the other block Non-living. Participants now also had to press 199 

the corresponding response key when a Target word appeared. The order of these final two 200 

blocks was randomized. 201 

 202 

The Alcohol-Positive STIAT consisted of seven blocks of 24 trials each. The Bipolar categories 203 

were Alcoholic (“Beer”, “Wine”, “Heineken”, “Amstel”, “Grolsch”, “Whiskey”, “Gin”) and 204 

Non-alcoholic (“Juice”, “Tea”, “Coffee”, “Water”, “Cassis”, “Milk”, “Cola”). The first block 205 

involved only the Bipolar categories. Subsequently the Target category “Positive” (“Confident”, 206 

“Social”, “Exciting”, “Relaxing”, “Acceptance”, “Worthwhile”, “Success”) was pseudo-207 

randomly mapped to either the Alcoholic or the Non-alcoholic response. In the Congruent blocks 208 

(Alcohol-Positive) the Alcoholic and the Positive categories are mapped to the same response 209 

key, and the Non-alcoholic category to the other response key. In the Incongruent blocks (Non-210 

alcoholic-Positive) the Non-alcoholic and the Positive categories are mapped to the same 211 

response key, and the Alcoholic category to the other response key. 212 
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 213 

The Alcohol-Negative STIAT had the same Bipolar categories Alcoholic and Non-alcoholic. The 214 

Target category was “Negative” (“Dangerous”, “Violent”, “Boring”, “Disgusting”, 215 

“Disapproval”, “Hangover”, “Failure”). The Congruent blocks contained the Alcoholic-Negative 216 

mapping. The Incongruent blocks contained the Non-alcoholic-Negative mapping. 217 

Cued Visual Probe Task (cVPT) 218 

The task consisted of a short training phase (5 blocks of 24 trials), followed by an assessment 219 

phase (20 blocks of 24 trials). Trials were identical in both phases, and consisted of two types, 220 

selected randomly per trial: Picture and Probe trials.  221 

 222 

Picture trials started with a fixation cross presented for 200, 300, or 400 ms. This was followed 223 

by the presentation of two cues, located on the top-left and bottom-right of the screen, or on the 224 

bottom-left and top-right of the screen. These diagonals on which the cues were located 225 

alternated per trial. The cues were colored blue and yellow, and consisted of the symbols O O O 226 

O O and | | | | |. The color-symbol mapping was randomized. Cues were presented for 200, 400, 227 

600, 800 or 1000 ms. The cues were then replaced by pictures. One of the cues was always 228 

replaced by an alcoholic stimulus (a color picture of an alcoholic beverage), centered on the cue 229 

location. The other cue was always replaced by a non-alcoholic stimulus (a color picture of a 230 

non-alcoholic beverage). Pictures only showed bottles or glasses of drinks, without any scenes or 231 

people. The mapping of cues to stimulus category was randomized over subjects. The pictures 232 

were onscreen for 1000 ms, followed by 200 ms of empty screen. Participants did not have to 233 

give any response on Picture trials. 234 

 235 
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On Probe trials, the fixation and cue parts of the trial were identical. Instead of pictures 236 

appearing at the cued locations, however, a probe stimulus, >><<, was presented at one of the 237 

locations, and a distractor stimulus, /\/\ or \/\/, at the other location. The probe stimulus was 238 

presented for 1000 ms, or until a response was given. The task was to quickly and accurately 239 

press a key corresponding to the probe location whenever it appeared. The keys were FIJR, 240 

pressed with the index and middle finger of the left and right hands, mapped to the 241 

corresponding position; e.g., the R-key was mapped to top-left, and was pressed with the middle 242 

finger of the left hand. On catch trials (5% probability), no probe was presented and subjects had 243 

to refrain from pressing. This was done in order to encourage searching for the probe stimulus 244 

rather than possibly attempting to infer the probe location based on viewing a distractor stimulus 245 

at the other location. Responses were followed by 200 ms feedback depending on accuracy: a 246 

green +1 for correct responses, a red -1 for incorrect responses, and a red “Too late!” if no 247 

response was given within the 1000 ms probe presentation duration. 248 

Procedure 249 

Participants performed the experiment online, starting with a page with instructions and an 250 

informed consent button. The questionnaires were then filled in. The order of the DMQ and 251 

RALD was randomized per subject, so that motives to drink and not to drink were not 252 

confounded with time-on-task. This was followed by the practice phase of the cVPT. Participants 253 

filled in an awareness check: Did they think there was a relationship between cues and probe 254 

location? If so, which color cue predicted the probe location? Did they think there was a 255 

relationship between cues and pictures? If so, which color cue predicted the alcohol picture? If 256 

participants did not know the answer, they were instructed to guess. Then the full cVPT was 257 
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performed, followed by a repeat of the awareness check. Finally, the STIATs were performed, 258 

with the positive and negative versions in randomized order. 259 

Preprocessing and statistical analyses 260 

For the STIAT and cVPT data, the first four trials of the task and the first trials per block were 261 

removed to reduce noise due to starting up task performance. For the STIAT, trials with very 262 

long reaction times of over 3000 ms were also removed (the cVPT had a limited response 263 

window so that such trials could not occur). For the STIAT, only Target trials were used for 264 

analyses, as for Bipolar categories the effect of congruence versus incongruence is confounded 265 

with being the only response mapped to a key versus being one of two responses mapped to a 266 

key. 267 

 268 

STIAT data were analyzed using paired t-tests to compare Block types (Target on Soft Drink 269 

versus Target on Alcohol), for the dependent variables RT and accuracy separately. Ambivalence 270 

scores for the STIATs were calculated as follows. First, the Block type contrast scores (Target on 271 

Alcohol minus Target on Soft drinks) for the Alcohol-Positive and Alcohol-Negative tasks were 272 

centered, i.e., the respective means of the contrast scores over participants were subtracted. 273 

Subsequently, the product of each participant’s Alcohol-Positive and Alcohol-Negative scores 274 

was used as the ambivalence score. Ambivalence-RT and ambivalence-accuracy scores were 275 

calculated for RT and accuracy respectively. Positive values thus indicate having Alcohol-276 

Positive and Alcohol-Negative associations in the same direction. Corrected ambivalence scores 277 

were also calculated: These scores were adjusted by regressing out variance of the ambivalence 278 

score that could be explained by the two component scores (i.e., the Block-contrast scores for the 279 

Alcohol-Positive and the Alcohol-Negative tasks). 280 
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 281 

For the cued Visual Probe Task, ABV was calculated for each CSI. ABV was calculated as 282 

follows. Pairs of trials were selected, one of which was a Non-alcohol probe location trial and 283 

one of which was an Alcohol probe location trial. The N-th pair consisted of the N-th trials with 284 

the respective Probe Location. For each pair of trials, the bias was calculated as the RT on the 285 

Alcohol probe-location trial minus the RT on the Non-alcohol probe location trial. The ABV was 286 

calculated as the variance of the bias scores over trial pairs. The ABV thus reflects within-subject 287 

variability in bias scores over the course of the task. The primary analyses of the study consisted 288 

of correlations between ambivalence scores derived from the STIATs and the ABV, for each 289 

CSI. In order to increase confidence in interpretations in terms of ambivalence, effects 290 

concerning ambivalence measures were only reported if they were significant for both the basic 291 

ambivalence measure and the corrected ambivalence measure. The criterion for significance was 292 

set at 0.005 to correct for the five CSIs and two ambivalence scores (one for RT and one for 293 

accuracy). Tests were one-sided, as the hypothesis was that ABV would increase with 294 

ambivalence. 295 

 296 

In the secondary exploratory analyses, for the STIATs, correlations were tested between 297 

questionnaire data and contrast scores for the Block Type effect (Target on Alcohol minus Target 298 

on Soft Drink). For the cVPT, correlations between bias scores and questionnaires and STIAT 299 

effects were analyzed for each CSI separately. Bias scores were the median RT for probe-on-300 

alcohol trials minus the median RT for probe-on-non-alcohol trials. Within-subject effects of 301 

block type for the STIATs and probe location per CSI for the cVPTs were tested with within-302 
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subject (i.e., paired samples) t-tests. These tests were two-sided, as either approach or avoidance 303 

could occur based on the literature. 304 

 305 

For the exploratory analyses, to address the multiple testing problem, nominally significant 306 

results at a p-value of .05 are reported and additional analyses were performed in order to 307 

provide an indication of significance given the large number of tests in the secondary analyses. 308 

Permutation tests were used to determine the distribution of the number of nominally significant 309 

results at p < .005 over all tests in an analysis. Results reaching the .005 level are indicated with 310 

an asterisk. An analysis was defined as all within-subject tests and correlations related to either 311 

the STIATs or the cVPT. For 10000 iterations, subject scores were randomly permuted, and this 312 

permutation was used for one of the vectors involved in correlations. The method thus preserved 313 

the dependence between measures and allowed a p-value to be calculated for the number of 314 

nominally significant results in an analysis, similarly to methods previously used in genetics 315 

(Gladwin et al., 2012) and neuroimaging (Gladwin, Vink, & Mars, 2016; Woo, Krishnan, & 316 

Wager, 2014). A distribution of the number of significant results expected under the null 317 

hypothesis was also obtained, giving an estimate of the median number of false positive results. 318 

Results 319 

Descriptive measures are provided in Table 1. AUDIT-C was positively correlated with DMQ-320 

Social (r = .63, p < .001), DMQ-Coping (r = .36, p = .0017), DMQ-Enhancement (r = .67, p < 321 

.001), ACQ-Expectancy (r = .38, p < .0001), and ACQ-Purposefulness (r = .46, p < .001). We 322 

briefly note that correlations with RALD-Loss of Control (r = -.19, p = .11) and RALD-323 
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Convictions (r = -.19, p = .098) were numerically negative as would be expected but non-324 

significant. 325 

ABV and Ambivalence 326 

STIAT-ambivalence on accuracy was positively correlated with ABV at 800 ms (uncorrected: r 327 

= .46, p < .001; corrected: r = .41, p < .001) and 1000 ms CSI (uncorrected: r = 0.31, p = .0040; 328 

corrected: r = 0.30, p = .0048). The hypothesis was thus confirmed for the 800 ms CSI. The 329 

effect at 1000 ms CSI was only a trend given the correction for multiple testing. 330 

 331 

For completeness, we report within-subject effects concerning ABV. A within-subject effect of 332 

CSI was found using repeated measures ANOVA with Greenhouse-Geisser correction (F(4, 292) 333 

= 6.0, p = .00018, eta_p^2 = 0.076), due to decreasing ABV over longer CSIs. No correlations 334 

with AUDIT-C, drinking motives or craving were found. Concerning positive and negative 335 

alcohol associations, a positive correlation was found between ABV at the 200 ms CSI and the 336 

Block Type effect on RT on the Alcohol-Negative STIAT (r = 0.24, p = .041). 337 

 338 

The split-half (even-numbered versus odd-numbered blocks) Spearman’s correlations with 339 

Spearman-Brown correction were .22 for the 200 ms CSI; .063 for 400 ms; .24 for 600 ms; .39 340 

for 800 ms; and .46 for 1000 ms. 341 

Alcohol-Positive STIAT 342 

For the STIAT analyses (Alcohol-Positive and Alcohol-Negative together), the number of results 343 

significant at .005 (i.e., 2) was significant (p = .039). The median number of false positives was 344 

0. 345 

 346 
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There were no effects on RT. On accuracy, Positive-on-Alcohol blocks had lower accuracy than 347 

Positive-on-Soft drink blocks (t(73) = -3.41, p = .00011*). A correlation between the Block Type 348 

effect and AUDIT-C was found (r = .27, p = .018) due to relatively high accuracy on Positive-349 

on-Alcohol versus Positive-on-Neutral blocks with increasing AUDIT-C scores. 350 

Alcohol-Negative STIAT 351 

On RT, Negative-on-Alcohol blocks were faster than Negative-on-Soft drink blocks (t(73) = -352 

2.77, p = 0.0070). Negative-on-Alcohol blocks were more accurate than Negative-on-Soft drink 353 

blocks (t(73) = 3.038, p = 0.0033*). Negative-on-Alcohol blocks became less accurate relative to 354 

Negative-on-Soft drink blocks with increasing DMQ-Social scores (r = -0.30, p = 0.0099) and 355 

DMQ-Enhancement scores (r = -0.31, p = 0.0065). Negative-on-Alcohol blocks became more 356 

accurate relative to Negative-on-Soft drink blocks with increasing RALD-Loss of Control scores 357 

(r = 0.26, p = 0.026). 358 

cVPT 359 

For the exploratory cVPT analyses, the number of results significant at .005 (i.e., 4) was 360 

significant (p = .016). The median number of false positives was 0. 361 

 362 

There were no within-subject effects. 363 

 364 

For risky drinking, a negative correlation between Probe Location effect and AUDIT-C scores 365 

was found at the 400 ms CSI only (r = -0.33, p = 0.0046*), reflecting faster responses to probes 366 

at the Alcohol cue versus Non-alcohol cue location with increasing AUDIT-C scores.  367 

 368 



18  Attentional Bias Variability and Conflict 

No correlations with DMQ subscales were found. For craving, ACQ-Compulsivity was 369 

negatively correlated with bias at the 400 ms (r = -0.32, p = 0.0049*) and 1000 ms (r = -0.25, p = 370 

0.029) CSI. ACQ-Expectancies was negatively correlated with bias at the 400 ms (r = -0.23, p = 371 

0.047), 600 ms (r = -0.24, p = 0.039), and 1000 ms (r = -0.34, p = 0.0031*) CSI. ACS-372 

Emotionality was negatively correlated with bias at the 600 ms CSI (r = -0.24, p = 0.041). 373 

RALD-Adverse Consequences was positively correlated with bias at the 600 ms CSI (r = 0.24, p 374 

= 0.042), reflecting slower responses to probes at the Alcohol cue versus Non-alcohol cue 375 

location with increasing RALD-Adverse Consequences scores. RALD-Convictions was 376 

negatively correlated with bias at the 400 ms CSI (r = -0.23, p = 0.046). 377 

 378 

For positive and negative alcohol associations, a positive correlation was found between bias and 379 

the Block Type effect on accuracy on the Alcohol-Negative STIAT at the 1000 ms (r = 0.27, p = 380 

0.021) CSI. 381 

  382 

STIAT-ambivalence on RT was positively correlated with bias at the 200 ms CSI (uncorrected r 383 

= 0.35, p = 0.0022; corrected: r = 0.34, p = 0.0033*). 384 

 385 

The split-half (even-numbered versus odd-numbered blocks) Spearman’s correlations with 386 

Spearman-Brown correction were .54 for the 200 ms CSI; .37 for 400 ms; .44 for 600 ms; .52 for 387 

800 ms; and .18 for 1000 ms. 388 

 389 

For descriptive purposes, correlations were calculated between the ‘static’ attentional bias on RT 390 

and ABV, for all 25 combinations of CSI. The two measures were only correlated at the same 391 
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CSI for the 600 ms CSI (r = .28, p = .016). Further, static bias at the 200 ms CSI was correlated 392 

with ABV at the 400 ms CSI (r = .26, p = .027) and static bias at the 600 ms CSI was negatively 393 

correlated with ABV at the 200 ms CSI (r = -.29, p = .013). It did not therefore seem to be the 394 

case that static attentional bias and ABV are strongly related. 395 

Discussion 396 

The current study tested effects on a cued Visual Probe Task (cVPT) that aimed to measure 397 

anticipatory alcohol-related attentional biases. It was hypothesized that ambivalence in alcohol-398 

related automatic associations is related to attentional bias variability. Ambivalence was 399 

calculated using univalent STIATs: These provided information on positive and negative 400 

alcohol-related associations that could be related to contradictory evaluative associations. 401 

Further, in exploratory analyses correlations were calculated between anticipatory attentional 402 

bias and questionnaires that measured various alcohol-related processes related to craving, 403 

motivation to drink and motivation to refrain from drinking. 404 

 405 

The primary question was whether ABV would increase with a measure of ambivalence. This 406 

was found to be the case, at the 800 ms CSI and close to significance at 1000 ms, for accuracy-407 

based ambivalence only. This result supports the hypothesis that bias variability reflects conflicts 408 

between contradictory influences on processes selecting cognitive functions. Further, as the 409 

effects were found only after the relatively long time delays, such conflict appears to be 410 

dependent on sufficient time elapsing since the initiation of the underlying processes 411 

(Cunningham et al., 2007; Gladwin & Figner, 2014; Gladwin et al., 2011). Notably different 412 

from the normal, non-cued Visual Probe Task in the previous study, no relationship between 413 
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risky drinking and variability measures was found. This indicates that the fluctuations related to 414 

risky drinking found previously are caused by processes that were excluded in the current 415 

version of the task. This could involve the viewing of actually-presented alcohol-related stimuli, 416 

rather than processes selecting covert attentional responses to or from such stimuli. However, the 417 

presentation of stimulus pairs on alternating diagonals also excluded potential sources of 418 

variability related to repeated stimulus locations or responses. 419 

 420 

For the cued-task analogues of typical attentional bias measures reflecting consistent tendencies 421 

affecting RT or accuracy, a number of nominally significant correlations between anticipatory 422 

attentional bias and alcohol-related individual differences were found. A bias towards alcohol 423 

was related to various aspects of craving (compulsivity, emotionality, and expectancies), and a 424 

bias away from alcohol was related to negative associations with alcohol. These effects were 425 

found most prominently at the 400 ms CSI. Such relationships between bias and craving are in 426 

line with previous research on cognitive biases and subjective craving (Field & Cox, 2008; Field 427 

et al., 2005). As the effects were found in the context of predictive cues, rather than as reactions 428 

to presented stimuli, the results support the global theoretical viewpoint that covert, cognitive 429 

responses (such as attentional shifts) are selected based on the predicted outcome of their 430 

selection (de Wit & Dickinson, 2009; Gladwin & Figner, 2014; Gladwin et al., 2011). Such 431 

processes would lead to the shifting of attention towards the location of a craved stimulus, or 432 

away from the location of a stimulus with negative associations. Motivation not to drink was 433 

found to be related to biases leading to both slower (Adverse Consequences) and faster 434 

(Convictions) responses at the Alcohol cue location. This suggests different underlying processes 435 

for these motivations, where conviction-motivations may involve a level of attraction or 436 
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“forbidden fruit” temptation, while concern for adverse consequences induce a more consistent 437 

attentional avoidance. Risky drinking was only related to attentional bias on RT at the 400 ms, 438 

risky drinking being related to faster responses at the Alcohol cue location. In a previous study in 439 

which a different version of the cVPT was used (Gladwin, 2016), risky drinking was also 440 

associated with a bias towards predicted Alcohol cue locations, although at a longer CSI (1200 441 

ms). This difference could be due to details of the task and procedure, which involved different 442 

probe stimuli and responses, did not use the diagonalized stimulus locations, and had a shorter 443 

training time that could have resulted in weaker associations between predictive cues and stimuli 444 

on Picture trials. 445 

 446 

Although the primary aim of the univalent STIATs was to derive ambivalence measures, these 447 

tasks also provided some potentially interesting results in themselves. Participants showed 448 

overall strong negative associations, expressed in both STIATs. On the Alcohol-Positive STIAT, 449 

risky drinking was related to relatively positive associations. On the Alcohol-Negative STIAT, 450 

drinking motives played a role, with less negative automatic associations being related to Social 451 

and Enhancement motives to drink, and more negative automatic associations being related to 452 

Loss of Control motives to refrain from drinking. Such effects show that these univalent STIATs 453 

are suitable for further study. An important advantage of these tasks is in applications aimed at 454 

experimentally reducing biases. Effects on standard alcohol-valence IATs appear noisy, which 455 

has been suggested to be due to the complex effects of the combined influence of positive and 456 

negative associations (den Uyl et al., 2014). Of particular interest is the Alcohol-Positive bias, as 457 

this provides a clear target as a mediating variable for methods to reduce the bias, for instance 458 
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via tDCS (den Uyl et al., 2014) or training (Gladwin et al., 2015; R. W. Wiers, Eberl, Rinck, 459 

Becker, & Lindenmeyer, 2011). 460 

 461 

A limitation of the current study is its non-clinical and relatively small student sample of social 462 

drinkers, although this population certainly includes risky drinking and was suitable for the 463 

primary aim of the study. It would appear interesting to apply a cVPT within a clinical 464 

population and determine whether anticipatory effects predict outcome, or compare social 465 

drinkers with individuals with drinking problems. Another limitation of the exploratory part of 466 

the current study is the number of tests, which must be acknowledged to increase the overall 467 

false positive rate. We attempted to address this by differentiating nominally significant results 468 

from analysis-wise significant tests at a stricter threshold using the permutation approach. 469 

However, there are clear advantages to accepting this limitation. The current approach provides 470 

information that would be lost to meta-analyses and plans for future research with a strictly 471 

corrected threshold  Using tests per CSI rather than multivariate tests has the advantage of 472 

providing interpretable effects. These tests also reflect the fact that as the CSI factor becomes 473 

higher resolution, it becomes more like a continuous variable, similar to the time dimension in 474 

psychophysiology where data consist of signals sampled with a certain frequency. This requires a 475 

different approach than a factor with a small number of discrete levels, such as Probe Location. 476 

Further, although care must be taken in terms of spurious patterns, some findings appeared to 477 

logically agree with each other, such as the cluster of results involving craving. This is not 478 

directly reflected in statistics but increases confidence in the effects, relative to a more 479 

inconsistent set of results. Nevertheless, it is important to acknowledge that individual test results 480 

are best considered primarily in terms of clearer predictions for future studies using cVPTs until 481 
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replicated. Finally, the use of an online design has advantages and disadvantages: While this 482 

technology allows efficient testing and makes work possible without a laboratory, there is less 483 

ability to control and observe the behavior of participants during the experiment. However, 484 

individuals with conspicuously insufficient performance can be excluded, as in laboratory 485 

research, and it appears that online data are not generally so noisy or abnormal as to preclude 486 

expected effects (Chetverikov & Upravitelev, 2016; van Ballegooijen, Riper, Cuijpers, van 487 

Oppen, & Smit, 2016). 488 

 489 

There are a variety of directions for further research. Overall, the current results suggest that 490 

cued Visual Probe Tasks would be worth exploring in larger and in clinical samples. An 491 

important design choice will be the set of CSIs to test. Based on the current results, these should 492 

include at least 400 ms and 800 ms. The 400 ms CSI is of particular interest for consistent-bias 493 

measures related to craving, while the 800 ms CSI appears to be of interest for variability related 494 

to ambivalence. Another direction is the context of Attentional Bias Modification (ABM), a 495 

promising but debated method in which training tasks are used to reduce symptoms via changing 496 

automatic processes related to attentional biases (Clarke, Notebaert, & MacLeod, 2014; Cristea, 497 

Kok, & Cuijpers, 2016; Gladwin, Wiers, & Wiers, 2016; Schoenmakers et al., 2010). First, 498 

variability measures may be important to consider as a relevant training outcome, which has as 499 

yet been rarely done. Second, if fluctuations rather than consistent biases reflect addiction-500 

relevant processes, the question is raised whether interventions should not also target variability, 501 

or noise, rather than direction of bias. Such work appears to be arising from the context of ABM, 502 

using threatening stimuli in the context of PTSD (Badura-Brack et al., 2015; Khanna et al., 2015) 503 

and in non-clinical student populations (Gladwin, 2017), and could be considered similar to 504 
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previous approaches aimed at general downregulation in the alcohol context (Fadardi & Cox, 505 

2009). In these studies, a form of Attention Control Training was used that was identical to the 506 

condition usually considered sham in ABM. That is: There was no consistent contingency being 507 

trained, but this actually appeared to normalize reactivity to salient stimuli. This may involve 508 

learning that highly salient emotional stimuli are goal-irrelevant. Notably, true random cue-probe 509 

contingencies appear to be essential: When the training contingency is inconsistent over the 510 

whole task, but there is consistency within each block (and therefore task-relevance of emotional 511 

information), this leads to worse outcomes on various measures of cue sensitivity (Gladwin, 512 

2017). This was speculated to reflect undesirable effects on salience when the contingency is 513 

non-random, since the stimulus feature involved in training is task-relevant and therefore retains 514 

or potentially increases its salience. This problem would be avoided by using predictive cues in 515 

training tasks based on the cVPT. Another direction for future research is the use of 516 

psychophysiology. The anticipatory design of the task provides a period of measurement on each 517 

trial undisturbed by trial events or responses. Such designs allow the study of preparatory 518 

processes using, e.g., EEG (Brunia, 1993; P. S. Cooper, Darriba, Karayanidis, & Barceló, 2016; 519 

Korucuoglu, Gladwin, & Wiers, 2014). The use of abstract, initially neutral cues would provide 520 

an advantage for psychophysiological studies, by removing effects due to cue reactivity or any 521 

visual features confounded with stimulus category. Of particular interest may be measures of 522 

neural oscillations related to conflict or competition (Cohen & Donner, 2013; Gladwin & de 523 

Jong, 2005; Poljac & Yeung, 2014), that would be predicted to occur around CSIs at which 524 

variability is highest. Finally, using cVPTs as well as VPTs, and including a range of CSIs and 525 

consistency and variability measures would appear to open up new possibilities for 526 
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computational modelling of attentional biases. The rich data derived from such studies would 527 

provide constraints and patterns for models to fit and thereby aid the development of theory. 528 

 529 

In conclusion, the current design of the cVPT appears suitable for further study, including 530 

measures of awareness and an explicit training phase removing the problem of post-hoc 531 

definition of training blocks. The use of abstract predictive cues makes the task particularly 532 

suitable for studying bias variability, and a theoretically interesting result was that the data 533 

suggest that attentional bias variability reflects conflicting influences on selection processes due 534 

to conflicting associations. Previous results using a normal VPT which showed associations 535 

between bias variability and risky drinking were not found using the cVPT, suggesting that such 536 

effects involve cue reactivity rather than anticipatory or predictive processes. 537 

DECLARATION OF INTEREST 538 

The authors report no conflicts of interest. 539 

References 540 

Anderson, K. G., Grunwald, I., Bekman, N., Brown, S. A., & Grant, A. (2011). To drink or not to 541 

drink: Motives and expectancies for use and nonuse in adolescence. Addictive Behaviors, 542 

36(10), 972–979. https://doi.org/10.1016/j.addbeh.2011.05.009 543 

Badura-Brack, A. S., Naim, R., Ryan, T. J., Levy, O., Abend, R., Khanna, M. M., … Bar-Haim, Y. 544 

(2015). Effect of Attention Training on Attention Bias Variability and PTSD Symptoms: 545 

Randomized Controlled Trials in Israeli and U.S. Combat Veterans. The American Journal of 546 

Psychiatry, 172, 1233–1241. https://doi.org/10.1176/appi.ajp.2015.14121578 547 



26  Attentional Bias Variability and Conflict 

Bradley, K. A., DeBenedetti, A. F., Volk, R. J., Williams, E. C., Frank, D., & Kivlahan, D. R. (2007). 548 

AUDIT-C as a brief screen for alcohol misuse in primary care. Alcoholism, Clinical and 549 

Experimental Research, 31(7), 1208–17. https://doi.org/10.1111/j.1530-550 

0277.2007.00403.x 551 

Brewin, C. R., Rose, S., Andrews, B., Green, J., Tata, P., McEvedy, C., … Foa, E. B. (2002). Brief 552 

screening instrument for post-traumatic stress disorder. The British Journal of Psychiatry, 553 

181(2), 158–62. https://doi.org/10.1192/bjp.181.2.158 554 

Brunia, C. H. M. (1993). Waiting in readiness: gating in attention and motor preparation. 555 

Psychophysiology, 30(4), 327–339. https://doi.org/10.1111/j.1469-8986.1993.tb02054.x 556 

Bush, K., Kivlahan, D. R., McDonell, M. B., Fihn, S. D., & Bradley, K. A. (1998). The AUDIT alcohol 557 

consumption questions (AUDIT-C): an effective brief screening test for problem drinking. 558 

Ambulatory Care Quality Improvement Project (ACQUIP). Alcohol Use Disorders 559 

Identification Test. Archives of Internal Medicine, 158(16), 1789–95. Retrieved from 560 

http://www.ncbi.nlm.nih.gov/pubmed/9738608 561 

Buss, A. H., & Perry, M. (1992). The aggression questionnaire. Journal of Personality and Social 562 

Psychology, 63(3), 452–9. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/1403624 563 

Chetverikov, A., & Upravitelev, P. (2016). Online versus offline: The Web as a medium for 564 

response time data collection. Behavior Research Methods, 48(3), 1086–99. 565 

https://doi.org/10.3758/s13428-015-0632-x 566 

Cisler, J. M., & Koster, E. H. W. (2010). Mechanisms of attentional biases towards threat in 567 

anxiety disorders: An integrative review. Clinical Psychology Review, 30(2), 203–16. 568 

https://doi.org/10.1016/j.cpr.2009.11.003 569 



27  Attentional Bias Variability and Conflict 

Clarke, P. J. F., Notebaert, L., & MacLeod, C. M. (2014). Absence of evidence or evidence of 570 

absence: reflecting on therapeutic implementations of attentional bias modification. BMC 571 

Psychiatry, 14, 8. https://doi.org/10.1186/1471-244X-14-8 572 

Cohen, M. X., & Donner, T. H. (2013). Midfrontal conflict-related theta-band power reflects 573 

neural oscillations that predict behavior. Journal of Neurophysiology, 110(12), 2752–2763. 574 

https://doi.org/10.1152/jn.00479.2013 575 

Connolly, K. M., Coffey, S. F., Baschnagel, J. S., Drobes, D. J., & Saladin, M. E. (2009). Evaluation 576 

of the Alcohol Craving Questionnaire-Now factor structures: application of a cue reactivity 577 

paradigm. Drug and Alcohol Dependence, 103(1–2), 84–91. 578 

https://doi.org/10.1016/j.drugalcdep.2009.03.019 579 

Cooper, M. L. (1994). Motivations for alcohol use among adolescents: Development and 580 

validation of a four-factor model. Psychological Assessment, 6(2), 117–128. 581 

https://doi.org/10.1037/1040-3590.6.2.117 582 

Cooper, P. S., Darriba, Á., Karayanidis, F., & Barceló, F. (2016). Contextually sensitive power 583 

changes across multiple frequency bands underpin cognitive control. NeuroImage, 132, 584 

499–511. https://doi.org/10.1016/j.neuroimage.2016.03.010 585 

Cox, W. M., Fadardi, J. S., Hosier, S. G., & Pothos, E. M. (2015). Differential effects and temporal 586 

course of attentional and motivational training on excessive drinking. Experimental and 587 

Clinical Psychopharmacology, 23(6), 445–454. https://doi.org/10.1037/pha0000038 588 

Cox, W. M., & Klinger, E. (1988). A motivational model of alcohol use. Journal of Abnormal 589 

Psychology, 97(2), 168–180. 590 

Cristea, I. A., Kok, R. N., & Cuijpers, P. (2016). The effectiveness of cognitive bias modification 591 



28  Attentional Bias Variability and Conflict 

interventions for substance addictions: A meta-analysis. PloS One, 11(9), e0162226. 592 

https://doi.org/10.1371/journal.pone.0162226 593 

Cunningham, W. A., Zelazo, P. D., Packer, D. J., & Van Bavel, J. J. (2007). The Iterative 594 

Reprocessing Model: A Multilevel Framework for Attitudes and Evaluation. Social 595 

Cognition, 25(5), 736–760. https://doi.org/10.1521/soco.2007.25.5.736 596 

De Houwer, J., Teige-Mocigemba, S., Spruyt, A., & Moors, A. (2009). Implicit measures: A 597 

normative analysis and review. Psychological Bulletin, 135(3), 347–68. 598 

https://doi.org/10.1037/a0014211 599 

de Wit, S., & Dickinson, A. (2009). Associative theories of goal-directed behaviour: a case for 600 

animal-human translational models. Psychological Research, 73(4), 463–76. 601 

https://doi.org/10.1007/s00426-009-0230-6 602 

den Uyl, T. E., Gladwin, T. E., & Wiers, R. W. (2014). Transcranial direct current stimulation, 603 

implicit alcohol associations and craving. Biological Psychology, 105C, 37–42. 604 

https://doi.org/10.1016/j.biopsycho.2014.12.004 605 

Dickson, J. M., Gately, C., & Field, M. (2013). Alcohol dependent patients have weak negative 606 

rather than strong positive implicit alcohol associations. Psychopharmacology, 228(4), 607 

603–10. https://doi.org/10.1007/s00213-013-3066-0 608 

Epler, A. J., Sher, K. J., & Piasecki, T. M. (2009). Reasons for abstaining or limiting drinking: a 609 

developmental perspective. Psychology of Addictive Behaviors : Journal of the Society of 610 

Psychologists in Addictive Behaviors, 23(3), 428–42. https://doi.org/10.1037/a0015879 611 

Fadardi, J. S., & Cox, W. M. (2009). Reversing the sequence: reducing alcohol consumption by 612 

overcoming alcohol attentional bias. Drug and Alcohol Dependence, 101(3), 137–45. 613 



29  Attentional Bias Variability and Conflict 

https://doi.org/10.1016/j.drugalcdep.2008.11.015 614 

Field, M., & Cox, W. M. (2008). Attentional bias in addictive behaviors: a review of its 615 

development, causes, and consequences. Drug and Alcohol Dependence, 97(1–2), 1–20. 616 

https://doi.org/10.1016/j.drugalcdep.2008.03.030 617 

Field, M., Mogg, K., & Bradley, B. P. (2005). Craving and cognitive biases for alcohol cues in 618 

social drinkers. Alcohol and Alcoholism (Oxford, Oxfordshire), 40(6), 504–10. 619 

https://doi.org/10.1093/alcalc/agh213 620 

Field, M., Werthmann, J., Franken, I., Hofmann, W., Hogarth, L., & Roefs, A. (2016). The role of 621 

attentional bias in obesity and addiction. Health Psychology, 35(8), 767–780. 622 

https://doi.org/10.1037/hea0000405 623 

Gladwin, T. E. (2016). Attentional bias variability and cued attentional bias for alcohol stimuli. 624 

Addiction Research and Theory, 25(1), 32–38. 625 

https://doi.org/10.1080/16066359.2016.1196674 626 

Gladwin, T. E. (2017). Negative effects of an alternating-bias training aimed at attentional 627 

flexibility: a single session study. Health Psychology and Behavioral Medicine, 5(1), 41–56. 628 

https://doi.org/10.1080/21642850.2016.1266634 629 

Gladwin, T. E., & de Jong, R. (2005). Bursts of occipital theta and alpha amplitude preceding 630 

alternation and repetition trials in a task-switching experiment. Biological Psychology, 631 

68(3), 309–29. https://doi.org/10.1016/j.biopsycho.2004.06.004 632 

Gladwin, T. E., Derks, E. M., Rietschel, M., Mattheisen, M., Breuer, R., Schulze, T. G., … Ophoff, 633 

R. A. (2012). Segment-Wise Genome-Wide Association Analysis Identifies a Candidate 634 

Region Associated with Schizophrenia in Three Independent Samples. PLoS ONE, 7(6), 635 



30  Attentional Bias Variability and Conflict 

e38828. https://doi.org/10.1371/journal.pone.0038828 636 

Gladwin, T. E., & Figner, B. (2014). “Hot” cognition and dual systems: Introduction, criticisms, 637 

and ways forward. In E. Wilhelms & V. F. Reyna (Eds.), Frontiers of Cognitive Psychology 638 

Series: Neuroeconomics, Judgment and Decision Making (pp. 157–180). New York: 639 

Psycholoy Press. 640 

Gladwin, T. E., Figner, B., Crone, E. A., & Wiers, R. W. (2011). Addiction, adolescence, and the 641 

integration of control and motivation. Developmental Cognitive Neuroscience, 1(4), 364–642 

376. https://doi.org/10.1016/j.dcn.2011.06.008 643 

Gladwin, T. E., Rinck, M., Eberl, C., Becker, E. S., Lindenmeyer, J., & Wiers, R. W. (2015). 644 

Mediation of Cognitive Bias Modification for Alcohol Addiction via Stimulus-Specific 645 

Alcohol Avoidance Association. Alcoholism, Clinical and Experimental Research, 39(1), 101–646 

7. https://doi.org/10.1111/acer.12602 647 

Gladwin, T. E., Vink, M., & Mars, R. B. (2016). A landscape-based cluster analysis using recursive 648 

search instead of a threshold parameter. MethodsX, 3, 477–482. 649 

https://doi.org/10.1016/j.mex.2016.06.002 650 

Gladwin, T. E., Wiers, C. E., & Wiers, R. W. (2016). Cognitive neuroscience of cognitive retraining 651 

for addiction medicine: From mediating mechanisms to questions of efficacy. In Progress in 652 

Brain Research. Vol. 224 (pp. 323–344). https://doi.org/10.1016/bs.pbr.2015.07.021 653 

Gordon, A. J., Maisto, S. A., McNeil, M., Kraemer, K. L., Conigliaro, R. L., Kelley, M. E., & 654 

Conigliaro, J. (2001). Three questions can detect hazardous drinkers. The Journal of Family 655 

Practice, 50(4), 313–20. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/11300982 656 

Greenwald, A. G., McGhee, D. E., & Schwartz, J. L. (1998). Measuring individual differences in 657 



31  Attentional Bias Variability and Conflict 

implicit cognition: the implicit association test. Journal of Personality and Social 658 

Psychology, 74(6), 1464–80. Retrieved from 659 

http://www.ncbi.nlm.nih.gov/pubmed/9654756 660 

Gual, A., Segura, L., Contel, M., Heather, N., & Colom, J. (2002). Audit-3 and audit-4: 661 

effectiveness of two short forms of the alcohol use disorders identification test. Alcohol 662 

and Alcoholism, 37(6), 591–6. Retrieved from 663 

http://www.ncbi.nlm.nih.gov/pubmed/12414553 664 

Houben, K., Nosek, B. A., & Wiers, R. W. (2010). Seeing the forest through the trees: a 665 

comparison of different IAT variants measuring implicit alcohol associations. Drug and 666 

Alcohol Dependence, 106(2–3), 204–11. https://doi.org/10.1016/j.drugalcdep.2009.08.016 667 

Houben, K., Rothermund, K., & Wiers, R. W. (2009). Predicting alcohol use with a recoding-free 668 

variant of the Implicit Association Test. Addictive Behaviors, 34(5), 487–9. 669 

https://doi.org/10.1016/j.addbeh.2008.12.012 670 

Iacoviello, B. M., Wu, G., Abend, R., Murrough, J. W., Feder, A., Fruchter, E., … Charney, D. S. 671 

(2014). Attention bias variability and symptoms of posttraumatic stress disorder. Journal of 672 

Traumatic Stress, 27(2), 232–9. https://doi.org/10.1002/jts.21899 673 

Khanna, M. M., Badura-Brack, A. S., McDermott, T. J., Shepherd, A., Heinrichs-Graham, E., Pine, 674 

D. S., … Wilson, T. W. (2015). Attention training normalises combat-related post-traumatic 675 

stress disorder effects on emotional Stroop performance using lexically matched word 676 

lists. Cognition & Emotion, 1–8. https://doi.org/10.1080/02699931.2015.1076769 677 

Korucuoglu, O., Gladwin, T. E., & Wiers, R. W. (2014). Preparing to approach or avoid alcohol: 678 

EEG correlates, and acute alcohol effects. Neuroscience Letters, 559, 199–204. 679 



32  Attentional Bias Variability and Conflict 

https://doi.org/10.1016/j.neulet.2013.12.003 680 

Koster, E. H. W., Crombez, G., Van Damme, S., Verschuere, B., & De Houwer, J. (2005). Signals 681 

for threat modulate attentional capture and holding: Fear-conditioning and extinction 682 

during the exogenous cueing task. Cognition & Emotion, 19(5), 771–780. 683 

https://doi.org/10.1080/02699930441000418 684 

Kroenke, K., Spitzer, R. L., & Williams, J. B. (2001). The PHQ-9: validity of a brief depression 685 

severity measure. Journal of General Internal Medicine, 16(9), 606–13. 686 

https://doi.org/10.1046/j.1525-1497.2001.016009606.x 687 

Le Pelley, M. E., Vadillo, M., & Luque, D. (2013). Learned predictiveness influences rapid 688 

attentional capture: Evidence from the dot probe task. Journal of Experimental Psychology: 689 

Learning, Memory, and Cognition, 39(6), 1888–1900. 690 

Luque, D., Vadillo, M. A., Pelley, M. E. Le, Beesley, T., Le Pelley, M. E., & Beesley, T. (2016). 691 

Prediction and uncertainty in associative learning : Examining controlled and automatic 692 

components of learned attentional biases. The Quarterly Journal of Experimental 693 

Psychology, 218(May), 1–19. https://doi.org/10.1080/17470218.2016.1188407 694 

Marteau, T. M., & Bekker, H. (1992). The development of a six-item short-form of the state 695 

scale of the Spielberger State-Trait Anxiety Inventory (STAI). The British Journal of Clinical 696 

Psychology / the British Psychological Society, 31 ( Pt 3), 301–6. Retrieved from 697 

http://www.ncbi.nlm.nih.gov/pubmed/1393159 698 

Mogg, K., Field, M., & Bradley, B. P. (2005). Attentional and approach biases for smoking cues in 699 

smokers: an investigation of competing theoretical views of addiction. 700 

Psychopharmacology, 180(2), 333–41. https://doi.org/10.1007/s00213-005-2158-x 701 



33  Attentional Bias Variability and Conflict 

Naim, R., Abend, R., Wald, I., Eldar, S., Levi, O., Fruchter, E., … Bar-Haim, Y. (2015). Threat-702 

Related Attention Bias Variability and Posttraumatic Stress. The American Journal of 703 

Psychiatry, 172(12), 1242–1250. https://doi.org/10.1176/appi.ajp.2015.14121579 704 

Noël, X., Colmant, M., Van Der Linden, M., Bechara, A., Bullens, Q., Hanak, C., & Verbanck, P. 705 

(2006). Time course of attention for alcohol cues in abstinent alcoholic patients: the role of 706 

initial orienting. Alcoholism, Clinical and Experimental Research, 30(11), 1871–7. 707 

https://doi.org/10.1111/j.1530-0277.2006.00224.x 708 

Notebaert, L., Crombez, G., Van Damme, S., De Houwer, J., & Theeuwes, J. (2011). Signals of 709 

threat do not capture, but prioritize, attention: a conditioning approach. Emotion 710 

(Washington, D.C.), 11(1), 81–9. https://doi.org/10.1037/a0021286 711 

Ostafin, B. D., & Palfai, T. P. (2006). Compelled to consume: the Implicit Association Test and 712 

automatic alcohol motivation. Psychology of Addictive Behaviors : Journal of the Society of 713 

Psychologists in Addictive Behaviors, 20(3), 322–7. https://doi.org/10.1037/0893-714 

164X.20.3.322 715 

Palfai, T. P., & Ostafin, B. D. (2003). Alcohol-related motivational tendencies in hazardous 716 

drinkers: assessing implicit response tendencies using the modified-IAT. Behaviour 717 

Research and Therapy, 41(10), 1149–62. Retrieved from 718 

http://www.ncbi.nlm.nih.gov/pubmed/12971937 719 

Poljac, E., & Yeung, N. (2014). Dissociable neural correlates of intention and action preparation 720 

in voluntary task switching. Cerebral Cortex (New York, N.Y. : 1991), 24(2), 465–78. 721 

https://doi.org/10.1093/cercor/bhs326 722 

Schoenmakers, T. M., de Bruin, M., Lux, I. F. M., Goertz, A. G., Van Kerkhof, D. H. A. T., & Wiers, 723 



34  Attentional Bias Variability and Conflict 

R. W. (2010). Clinical effectiveness of attentional bias modification training in abstinent 724 

alcoholic patients. Drug and Alcohol Dependence, 109(1–3), 30–36. 725 

https://doi.org/10.1016/j.drugalcdep.2009.11.022 726 

Singleton, E., Henningfield, J., Heishman, T., Douglas, E., & Tiffany, S. (1995). Multidimensional 727 

aspects of craving for alcohol. In Proceedings of the 57th Annual Meeting of the College on 728 

Problems of Drug Dependence. 729 

Thush, C., & Wiers, R. W. (2007). Explicit and implicit alcohol-related cognitions and the 730 

prediction of future drinking in adolescents. Addictive Behaviors, 32(7), 1367–1383. 731 

https://doi.org/10.1016/j.addbeh.2006.09.011 732 

Townshend, J. M., & Duka, T. (2007). Avoidance of alcohol-related stimuli in alcohol-dependent 733 

inpatients. Alcoholism, Clinical and Experimental Research, 31(8), 1349–57. 734 

https://doi.org/10.1111/j.1530-0277.2007.00429.x 735 

van Ballegooijen, W., Riper, H., Cuijpers, P., van Oppen, P., & Smit, J. H. (2016). Validation of 736 

online psychometric instruments for common mental health disorders: a systematic 737 

review. BMC Psychiatry, 16(1), 45. https://doi.org/10.1186/s12888-016-0735-7 738 

Van Damme, S., Crombez, G., Hermans, D., Koster, E. H. W., & Eccleston, C. (2006). The role of 739 

extinction and reinstatement in attentional bias to threat: a conditioning approach. 740 

Behaviour Research and Therapy, 44(11), 1555–63. 741 

https://doi.org/10.1016/j.brat.2005.11.008 742 

Vollstädt-Klein, S., Loeber, S., von der Goltz, C., Mann, K., & Kiefer, F. (2009). Avoidance of 743 

alcohol-related stimuli increases during the early stage of abstinence in alcohol-dependent 744 

patients. Alcohol and Alcoholism (Oxford, Oxfordshire), 44(5), 458–63. 745 



35  Attentional Bias Variability and Conflict 

https://doi.org/10.1093/alcalc/agp056 746 

Wiers, C. E., Gladwin, T. E., Ludwig, V. U., Gröpper, S., Stuke, H., Gawron, C. K., … Bermpohl, F. 747 

(2016). Comparing three cognitive biases for alcohol cues in alcohol dependence. Alcohol 748 

and Alcoholism, 1(7), 1–7. https://doi.org/10.1093/alcalc/agw063 749 

Wiers, R. W., Eberl, C., Rinck, M., Becker, E. S., & Lindenmeyer, J. (2011). Retraining automatic 750 

action tendencies changes alcoholic patients’ approach bias for alcohol and improves 751 

treatment outcome. Psychological Science, 22(4), 490–497. 752 

https://doi.org/10.1177/0956797611400615 753 

Wiers, R. W., van Woerden, N., Smulders, F. T. Y., & de Jong, P. J. (2002). Implicit and explicit 754 

alcohol-related cognitions in heavy and light drinkers. Journal of Abnormal Psychology, 755 

111(4), 648–58. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/12428778 756 

Woo, C.-W., Krishnan, A., & Wager, T. D. (2014). Cluster-extent based thresholding in fMRI 757 

analyses: pitfalls and recommendations. NeuroImage, 91, 412–9. 758 

https://doi.org/10.1016/j.neuroimage.2013.12.058 759 

Zvielli, A., Bernstein, A., & Koster, E. H. W. (2014). Dynamics of attentional bias to threat in 760 

anxious adults: bias towards and/or away? PloS One, 9(8), e104025. 761 

https://doi.org/10.1371/journal.pone.0104025 762 
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Table 1. Descriptive statistics for questionnaire data 765 

Variable Mean (SD) 

Sex 0.19 

Age 21.0 (2.04) 

BP: Physical Aggression 21.3 (9.22) 

BP: Verbal Aggression 17.7 (5.9) 

BP: Anger 16.9 (5.69) 

BP: Hostility 18.2 (7.4) 

PHQ9 14.3 (3.16) 

TSQ: Total 2.66 (2.42) 

STAI -4.46 (3.36) 

AUDIT-C 5.61 (2.65) 

DMQ:_Social 16.1 (4.88) 

DMQ: Coping 8.93 (3.14) 

DMQ: Enhancement 14.1 (5.33) 

DMQ: Conform 7.26 (2.66) 

RALD: Loss Of Control 1.7 (0.65) 

RALD: AdverseConseq 2.81 (0.76) 

RALD: Convictions 1.2 (0.395) 

ACQ: Compulsivity 3.82 (1.94) 

ACQ: Expectations 6.66 (3.73) 

ACQ: Purposefulness 10.6 (3.97) 
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ACQ: Emotionality 5.76 (3.45) 

Probe Predictable T1 0.0811 (0.28) 

Alcohol Predictable T1 0.135 (0.34) 

Correct Color T1 0.635 (0.49) 

Probe Predictable T2 0.189 (0.39) 

Alcohol Predictable T2 0.716 (0.45) 

Correct Color T2 0.865 (0.34) 

  

Note. Means and standard deviations for questionnaire subscales and awareness checks. BR: 766 

Buss-Perry Aggression Questionnaire. PHQ9: Patient Health Questionnaire-9 depression 767 

questionnaire. TSQ: Trauma Screening Questionnaire. STAI-6: 6-item State-Trait Anxiety 768 

Inventory. AUDIT-C: 3-item Alcohol Use Disorders Identification Test - Consumption. DMQ: 769 

Drinking Motives Questionnaire - Revised. RALD: Reasons for Abstaining or Limiting Drinking 770 

questionnaire. ACQ: Alcohol Craving Questionnaire. The “Probe Predictable T1 / T2” items 771 

show the proportion of “Yes” responses to the question whether cues predicted the location of 772 

probe stimuli, at time T1 (after the brief training period) and T2 (after the whole task), 773 

respectively. The “Alcohol Predictable” items show the proportion of “Yes” responses to the 774 

question whether cues predicted the location of alcohol pictures. The Correct Colour items show 775 

the proportion of participants who correctly identified the colour of the cue that predicted the 776 

location of alcohol pictures. 777 

  778 
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Figure 1. Illustration of the Anticipatory Attentional Bias Task 779 

 780 

Note. The task contains two types of trials: Picture and Probe trials. Trial type was randomly 781 

selected per trial. Picture trials are illustrated are the top of the figure. Cues were presented on 782 

alternating diagonals, which were replaced by pictures. One of the cues was always replaced by 783 

an alcoholic stimulus, and the other cue was always replaced by a non-alcoholic stimulus. Probe 784 

trials are illustrated at the bottom of the figure. Instead of pictures appearing at the cued 785 

locations, a probe stimulus, >><<, was presented at one of the locations, and a distractor 786 

stimulus, /\/\ or \/\/, at the other location. The task was to quickly and accurately press a key 787 

corresponding to the probe location whenever it appeared. 788 
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