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H I G H L I G H T S

• Cognitive theories emphasize the relevance of attentional bias (AB) in addiction.• We need psychometrically sound measures of AB.• The current free viewing eye tracking task showed satisfactory reliability.• The AB measure also showed criterion validity.• The stronger craving and alcohol problems, the stronger the AB for alcohol.
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A B S T R A C T

Cognitive -motivational models point to attention bias (AB) as an important factor in the persistence of pro-
blematic drinking behavior. Unfortunately, the measures that have been used to examine AB in addiction ty-
pically showed poor psychometric properties. To bring research on AB a critical step further it would be crucial
to develop tasks with acceptable reliability and construct validity. Recently, Lazarov and colleagues (2016)
developed a multi-stimulus free-viewing task (participants were free to look at any part of the screen and there
was no secondary task involved) that showed excellent psychometric properties in the context of social anxiety
as well as depression. We, therefore, adapted this task and examined its psychometric quality within the context
of alcohol use. Participants with varying levels of alcohol use (N=100) were presented with 54 matrices each
containing 8 alcoholic and 8 non-alcoholic drinks. Each matrix was presented for 6 s. First fixation (100ms)
location and latency and total dwell time were assessed for alcohol and soda pictures. Assessment of AB, craving,
and alcohol use (problems) was repeated after 3–8 days. Specifically, the dwell-time based AB-measure showed
excellent internal reliability and considerable stability. Supporting the validity of the current AB-measures, it
was found that participants with higher scores on craving and alcohol problems (i) dwelt longer on alcohol
stimuli, and (ii) more often showed a first fixation on alcohol, whereas (iii) stronger craving was associated with
shorter latency of first alcohol fixations. The AB-measure showed promising psychometric properties. Thus, this
free-viewing eye-tracking task seems a welcome new tool for being used in future research on AB in addiction.

1. Introduction

Cognitive theories of addiction emphasize the relevance of heigh-
tened attention for substance cues as a causal agent in the development
and persistence of problematic drinking behavior (Fadardi, Cox, &
Klinger, 2006; Field & Cox, 2008; Franken, 2003). Studies that thus far
examined whether indeed attentional bias might be involved in sub-
stance use disorder most often relied on indirect, reaction time (RT)

based measures of attention such as the visual probe task (e.g., van
Hemel-Ruiter, Wiers, Brook, & de Jong, 2016). Unfortunately, the
currently available RT-based assessment tools typically show un-
acceptably low reliability as estimated by indices of internal con-
sistency and stability (e.g., Ataya et al., 2012; Cisler, Bacon, & Williams,
2009). The low psychometric quality of the current AB measures poses
a serious problem for a proper interpretation of the available findings
and hampers scientific progress in this field of research (for critical
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reviews see; Christiansen, Schoenmakers, & Field, 2015; Field et al.,
2016; Rodebaugh et al., 2016).

The low reliability of RT-based measures might at least partly be
due to the fact that the behavioral output (i.e., key presses) is quite
distal from the to-be-measured attentional processes and may propound
distracting factors like motor preparation and response execution
(Armstrong & Olatunji, 2012). Moreover, RT-based AB measures typi-
cally reflect snapshots of attention thereby ignoring the dynamic nature
of attentional processes (Bar-Haim, 2010; Shechner et al., 2013). Fi-
nally, it has been questioned whether the presentation of just one pair
of stimuli (as is typically the case in the visual probe task) can be
considered as an adequate reflection of the complexity of real-life
substance use relevant situations (Hertel & Mathews, 2011). To more
adequately mimic the complexity of daily life, and to challenge the
attentional system, it seems essential to use a task with a more complex
stimulus configuration.

To address these methodological limitations of RT-based AB para-
digms, some researchers used eye tracking techniques to more directly
assess overt attention to alcoholic stimuli whilst participants completed
another RT task such as the visual probe task (Miller & Fillmore, 2010;
Schoenmakers, Wiers, & Field, 2008; Weafer & Fillmore, 2013). Fol-
lowing such approach, several studies found that gaze measures tended
to be more robust and showed a stronger relationship with actual
drinking behavior than RT-based measures (e.g., Miller & Fillmore,
2010; Schoenmakers et al., 2008). In an attempt to further improve the
reliability and construct validity of the visual probe task, Christiansen
and colleagues used personalized next to general stimuli (Christiansen,
Mansfield, Duckworth, Field, & Jones, 2015). Using personalized sti-
muli indeed resulted in higher internal consistency than general stimuli
for both the RT and eye movement bias indices. However, these indices
of AB were not associated with individual differences in alcohol use or
craving.

In addition, some studies used eye tracking without a concurrent
RT-task to measure attention bias in the context of alcohol use. In a
typical task, two types of stimuli (alcoholic vs. non-alcoholic pictures)
are presented side by side for a prolonged period (e.g., 2500ms) while
initial fixation and total dwell time per stimulus type are measured.
Supporting the validity of eye tracking-based measures of attention
using such procedure, it has been found that total fixation time on al-
coholic stimuli was associated with the level of alcohol consumption
(McAteer, Hanna, & Curran, 2018) and positive alcohol expectancies
(McAteer, Curran, & Hanna, 2015). Eye tracking has also been used to
index attentional bias for alcohol use during concurrent tasks such as an
operant choice task in which participants had to make a choice between
two simultaneously presented pictures (one presenting an alcoholic
drink and one soda) to win soda or alcohol reward points (e.g., Rose,
Brown, Field, & Hogarth, 2013; Rose, Brown, MacKillop, Field, &
Hogarth, 2018), or a gaze contingency task in which participants were
instructed to focus on a neural target while alcohol or non-alcoholic
distractors were concurrently presented on the screen (e.g., Qureshi,
Monk, Pennington, Wilcockson, & Heim, 2019; Wilcockson & Pothos,
2015). Unfortunately, none of these studies reported reliability esti-
mates of the AB measures used in these studies, thus the reliability of
these eye tracking based attention measures remains to be tested. In
addition, all of these studies used a relatively simple stimulus config-
uration. Thus, these studies did not address the criticism that such
configuration (e.g., presenting two stimuli side by side) may present a
relatively poor reflection of real-life complexity.

As one way to improve the ecological validity of AB measures, a
recent study successfully used portable eye tracking glasses to test AB
for alcohol in a more naturalistic setting in which bottles of alcoholic
beverages were positioned next to bottles of sodas (Monem & Fillmore,
2017). Results indicated that relatively long fixation on alcoholic bev-
erages compared to sodas was associated with reported alcohol con-
sumption during the past 90 days. Using another approach to increase
the ecological validity of AB measures, Pennington and colleagues used

a relatively complex stimulus configuration within the context of a
conjunction visual search eye tracking task. In this task, participants
had to detect an alcoholic or non-alcoholic target picture in an array of
matching and non-matching distractors (Pennington, Qureshi, Monk,
Greenwood, & Heim, 2019). Supporting the validity of this task, it was
found that social drinkers (N=30) were quicker to detect alcohol than
non-alcohol targets, whereas proportional dwell time was relatively low
for alcoholic distractors, suggesting that alcohol targets were relatively
easy to detect. Yet, reliability estimates as indexed by Cronbach's alpha
were still well below the conventional threshold of 0.70, and it remains
to be tested whether AB, as indexed by this task, is sensitive to in-
dividual differences in alcohol use and problems. Furthermore, al-
though the task used a relatively complex stimulus configuration, the
alcohol and non-alcoholic stimuli were represented by a single stimulus
(all alcohol/non-alcoholic stimuli in an array were similar). Moreover,
because in this task participants are instructed to search for alcohol or
non-alcohol cues, task performance may not provide an accurate re-
flection of individuals' spontaneous behaviors in the absence of such
task requirements.

Therefore, the current study used a complex stimulus figuration
within the context of a free-viewing task (i.e., participants were free to
look at any part of the screen without any secondary task involved) that
was adopted from research within the context of affective disorders. In
this previous research, eye gaze was tracked while participants freely
viewed 60 different matrices comprised of eight disgusted (or sad) and
eight neutral facial expressions. Initial fixations and total dwell time to
threatening versus neutral faces were used to index AB. In the context
of social anxiety disorder (SAD) (Lazarov, Abend, & Bar-Haim, 2016)
and major depressive disorder (MDD) (Lazarov, Ben-Zion, Shamaic,
Pine, & Bar-Haim, 2018), this free-viewing task showed excellent re-
liability in terms of internal consistency (Cronbach alpha ranging be-
tween 0.85 and 0.95) and considerable test re-test reliability (ranging
from 0.62 to 0.74). Importantly, it was also able to successfully dif-
ferentiate between participants with and without (symptoms of) SAD,
as well as between people with and without (symptoms of) MDD.

Based on these promising findings, the current study was designed
to examine whether this free-viewing eye-tracking task could also be
used to assess AB within the context of alcohol (mis)use. Consistent
with Lazarov et al. (2016) eye-tracking was used to assess overall dwell
time on alcoholic versus non-alcoholic (soda) pictures, participants' first
fixations (on alcoholic vs. non-alcoholic pictures), and how much time
passed before a first fixation could be identified (first fixation latency).
To investigate the stability of the AB measures, AB was assessed twice, 3
to 8 days apart. Additionally, alcohol use, craving, and problematic
behavior related to alcohol use were measured to test the criterion
validity of the AB measures. We expected that participants with rela-
tively high alcohol use, craving problems, and problematic behavior
related to alcohol use would show: (i) greater total dwell time on al-
coholic stimuli compared to non-alcoholic stimuli; (ii) more frequent
first fixations on alcoholic stimuli relative to non-alcoholic stimuli; and
(iii) shorter latency of first fixations on alcoholic than on non-alcoholic
stimuli.

2. Methods

2.1. Participants

To reach a statistical power of at least 0.80 to reliably detect a
correlation of medium effect size, we aim to enroll at least 85 partici-
pants (Cohen, 1988). Eventually, one hundred students (74 females,
mean age=22.97 years, SD=3.82, range= 18–34) took part in the
study. The only condition for enrollment in the study was uncorrected
eyesight to prevent eye-tracking calibration difficulties. Participants
received a small financial compensation. The study was approved by
the ethical committee of the psychology department of the University of
Groningen (ECP approval code= 17,372-S-NE (a, b)).
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2.2. Materials

2.2.1. Questionnaires
The Alcohol Use Disorders Identification Test (AUDIT; Saunders,

Aasland, Babor, de la Fuente, & Grant, 1993) is a 10-item assessment
tool developed by the World Health Organization (WHO) to evaluate
alcohol consumption (items 1–3), drinking behaviors and dependence
symptoms (items 4–6), and alcohol-related problems (items 7–10). The
sum score provides a measure of alcohol use disorder symptoms.

Rutgers Alcohol Problem Index (RAPI – 23-items; White & Labouvie,
1989) is a self-administered assessment questionnaire for evaluating
drinking problems in adolescence. Participants were instructed to an-
swer how many times each of the alcohol drinking-related problems
happened to them in the last year (none, 1–2 times, 3–5 times, more
than 5 times). Responses were coded 0–3 and summed for each person
to make the total score. The higher score shows more alcohol-related
problems associated with the participant.

The 5-item craving subscale of the Measurements in the Addictions
for Triage and Evaluation (MATE -version 2.1) (Schippers & Broekman,
2014) was used to index craving for alcohol.

A Timeline Alcohol Use Calendar was used to assess alcohol use in
the last 7 days based on the standard drink scale.

2.2.2. The free-viewing eye-tracking task
The free-viewing attention bias assessment task was designed in

OpenSesame (Mathôt, Schreij, & Theeuwes, 2012). Eye-gaze data was
collected with an Eyetribe ET1000 eye-tracker. Regions of Interest
(ROI) were defined as the area in pixels of each of the displayed images.
Thus, in our task, we have 16 ROIs per trial. The eye-tracking plugin
collected eye-gaze position (i.e., x, y coordinates) at 30 Hz, and de-
termined whether the current eye-gaze position falls within a ROI, or
not. Before the start of each session, a 9-point eye-gaze calibration was
performed. The task consisted of 3 blocks of 18 trials. During each trial,
a 4× 4 matrix was presented for 6 s. Each matrix consisted of 8 alco-
holic pictures and 8 non-alcoholic pictures. The four inner pictures al-
ways consisted of two alcoholic and two non-alcoholic pictures. These
pictures were taken from the Amsterdam Beverage Picture Set (Pronk,
van Deursen, Beraha, Larsen, & Wiers, 2015). For each matrix, parti-
cipants were required to gaze at a fixation dot in the center of the screen
for 100ms for that matrix to appear. After a subsequent 2000ms in-
terval, the next fixation dot appeared. To support participants' task
engagement, we used three different types of stimuli: The first block
consisted of matrices of bottle stimuli; the second of bottles together
with an empty glass, and the last one of bottles with a filled glass. So,
after eighteen matrices, the participant was prompted to move on the
next set of matrices by pressing any key on the keyboard which mostly
they moved to the next block immediately or after a few seconds. Eye
tracking task took around 6–10min in total Fig. 1.

2.2.3. Eye tracking measures
A custom-built plugin for OpenSesame was used to calculate for

each trial the time a participant spent looking at each of the predefined
regions of interest (i.e., each picture). Our analysis utilizes three output
variables of the ROI analysis plugin: Dwell time per ROI; the ROI po-
sition within the matrix of the trial's first registered fixation; the first
fixation's latency (i.e., the time difference between the first registered
fixation within a ROI and the presentation of the matrix).

2.3. Procedure

First, participants completed the calibration. Then they were in-
structed that a series of matrices would be presented and that they
could freely look at these images. It was explained that before the
presentation of each picture matrix a dot would appear in the middle of
the screen and that they needed to keep their eyes on the dot to be able
to go to the next trial. The same order of matrix presentation was used

for all participants to optimize the measurement procedure to index
individual differences. Following the free-viewing task, participants
completed the self-report measures. Finally, the second session was
planned, 3–8 days after the first session (M=5.3; SD=1.5,
Median= 6). The second session was similar to the first (same eye-
tracking task followed by the MATE-craving problem questionnaire and
self-reported alcohol use over the last 7 days).

2.4. Data reduction and analysis

Three variables were of interest when analyzing the output of the
ROI analysis plugin: Fixation location; latency to detect the first fixated
picture; and total dwell time on each of both picture categories.
Attentional bias was indexed by the mean dwell time on alcoholic
minus the mean dwell time on non-alcoholic pictures. Higher bias index
(BI) scores thus indicate stronger AB for alcohol. As an estimate of re-
liability, we computed Cronbach's alpha for the 54 trial-level BI scores.
As a second (and often used) index of reliability, we calculated the
Spearman-Brown corrected correlation between the BI scores of the odd
and even trials of the task (split-half reliability). To estimate the re-
liability of first fixation location (on alcohol or on soda) we also com-
puted Cronbach's alpha for the 54 trials and assessed split-half relia-
bility as indexed by the Spearman-Brown corrected correlation of the
number of first alcohol fixations between odd and even trials.

To evaluate test re-test reliability, we computed the (Pearson's p-m)
correlation between the bias indices of the first and second session. To
examine the criterion validity of the current AB measures, Pearson
correlations were computed between AB and alcohol (mis) use as in-
dexed by standard alcohol use index (to measure last 7 days alcohol
use), craving problem (measured with MATE-craving subtest), and
problematic behavior related to alcohol use (evaluated using AUDIT
and RAPI questionnaires).

3. Results

3.1. Descriptive

Table 1 presents a summary of the means (SDs) of all variables that
were assessed per session. The results of the AUDIT questionnaire re-
vealed that 63 of our participants were in low-risk level (They scored 7
or less) which 9 of them scored 0 and reported no alcohol use. In ad-
dition, 37 participants scored 8 or more which 34 of them were in the
hazardous level (scored 8–15), and two were in the harmful or high-risk
level. Finally, only one participant scored more than 20 which re-
presents complete dependence to alcohol use.

3.2. Internal consistency and test re-test reliability

Internal consistency for the dwell-time based BI measure as indexed
by Cronbach's alpha was excellent for both session 1 and 2
(alpha=0.90 and 0.88, respectively). In addition, results of the
Spearman-Brown corrected correlation indicated that there was a sig-
nificant positive association between first and second half of the task's
BI scores of a medium to large effect size: In the first session (rs
(100)= 0.78, p < .001) and second session (rs (100)= 0.66,
p < .001). A paired-samples t-test indicated that the BI index did not
differ between sessions 1 and 2 [t (100)= 1.35, p= .180], means being
84.81 (SD=524) and 22.13 (SD=501), respectively (time interval
between two sessions could vary between 3 and 8 days [M=5.3;
SD=1.5, Median= 6]). The correlation between the BI index of ses-
sion 1 and 2 was substantial and statistically significant; r (100)= 0.59,
p < .001, though below the conventional lower limit of satisfactory
test-retest reliability (i.e., 0.70).

Internal consistency for the type of the first fixation as indexed by
Cronbach's alpha scores was very low for both session 1 and 2
(alpha=0.11 and 0.02, respectively). The Spearman-Brown corrected
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correlation of the number of alcohol fixations between odd and even
trials during the first session was negative (instead of positive) and of
small effect size (rs (100)=−0.172, p < .09). Also, during the second
session the correlation was small and negative (rs (100)=−0.256,
p < .01). Together, these findings indicate that the (estimated) relia-
bility of the first fixations was low. The mean number of first alcohol
fixations did not differ between sessions [t (100)= 0.84, p= .39],
means being 25.21 (SD=3.56) and 24.80 (SD=3.72). However, the
correlation between the number of the first alcohol fixations during the
first and second session was very small and not statistically significant; r
(100)= 0.12, p= .22, indicating low test-retest reliability. Also, the

first alcohol fixation latencies did not differ between session [t
(100)=−1.3, p= .17], means being 411.66 and 438.05. The corre-
lation between the first and second session was however very small and
not significant r (100)= 0.18, p= .06, indicating low reliability in
terms of test-retest reliability. For the first soda fixation latency the
correlation between session 1 and 2 was also between small and
medium effect size though reached statistically significance, r
(100)= 0.29, p < .003.

3.3. Criterion validity

Tables 2 and 3 presents a summary of the bivariate correlations and
Fig. 2 shows the relationship between the dwell-time based attentional
bias index and the AUDIT scores separately for session 1 and 2.

For session 1, the dwell-time based attentional bias index (BI)
showed significant (and positive) correlations with the index of alcohol
disorder symptoms (AUDIT), alcohol use-related problems (RAPI), and
craving as indexed by MATE (see Table 2). Although the correlation
between BI and alcohol use over the last 7 days was in the same di-
rection, it did not reach the conventional level of significance. The
pattern for attentional bias as indexed by the number of first alcohol
fixations showed a similar pattern with (borderline) significant corre-
lations with AUDIT, MATE, and RAPI, but not for past 7 days alcohol
use (see Table 2). Attentional bias as indexed by the latency of first
alcohol fixations showed only a significant correlation with craving
problem (stronger craving problem was associated with shorter

Fig. 1. An example of how different Regions of Interest defined (Blue areas defined as non-alcoholic and red area as alcoholic stimuli). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Descriptive statistics of first and second assessment.

First session Second session

AUDIT 5.92 (4.13) –
MATE (craving) 1.40 (1.85) 1.42 (1.77)
RAPI 5.08 (5.60) –
Alcohol use (last 7 days) 6.09 (5.60) 5.76 (6.00)
Bias index 84 (524) 22 (501)
First fixation location (Alcohol)a 25.21 (3.56) 24.80 (3.72)
First fixation location (non-alcohol) 28.79 (3.56) 29.20 (3.72)
Mean Latency (Alcohol)b 411 (127) 438 (168)
Mean Latency (Non-alcohol) 415 (136) 437 (162)

a Number of trials.
b ms.
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latency). Unexpectedly, shorter latency for first soda fixations was as-
sociated with higher AUDIT, MATE-craving, and RAPI scores (see
Table 2).

For session 2, evidence for criterion validity was much weaker than
for session 1. The dwell-time based BI only showed a significant re-
lationship with craving problem, whereas AB, as indexed by the pro-
portion of first alcohol fixations, was only associated with AUDIT score.
The latency of the first fixation showed no significant relationships with
measures of alcohol (mis) use.

4. Discussion

The aim of this study was to investigate the psychometric properties
of attentional bias (AB) measures derived from a newly devised free-
viewing eye tracking task that was adapted to assess AB for alcohol
cues. The main findings can be summarized as follows: The dwell-time
based AB measure showed high reliability as indexed by internal con-
sistency and modest stability as indexed by test-retest reliability,
whereas AB as indexed by proportion first alcohol fixations or first al-
cohol fixation latencies showed low internal consistency and low sta-
bility. In addition, both the dwell-time and first fixation-based AB
measures showed satisfactory criterion validity as indicated by a posi-
tive correlation between AB and scores of craving problem and pro-
blems behaviors related to alcohol use.

Currently available RT-based AB measures (e.g., derived from the
visual probe task) typically show unacceptably low reliability as esti-
mated by indices of internal consistency and stability (e.g., Ataya et al.,
2012; Cisler et al., 2009; Field et al., 2016). Low reliability of the
current AB measures poses a serious problem for the interpretation of
the available (non) findings and hampers scientific progress in this field
of research (for critical reviews see Field et al., 2016; Rodebaugh et al.,
2016; Jones, Christiansen, & Field, 2018). Therefore, the current study
examined the psychometric properties of AB measures derived from a
newly devised free-viewing eye tracking task that has shown adequate
internal consistency, substantial test-retest reliability, and satisfactory
criterion validity within the context of social anxiety disorder (Lazarov
et al., 2016) and depression (Lazarov et al., 2018). In line with the
previous findings of Lazarov et al. (2016, 2018) indicating that espe-
cially the dwell-time based AB measures showed acceptable reliability,
the current findings indicated that also within the context of alcohol
cues, the dwell-time based AB measure showed excellent internal con-
sistency. Similar to the previous findings of Lazarov et al. (2016, 2018),

Table 2
Correlations between measure of attentional bias and measures of alcohol (mis)
use – first session.

AUDITc MATE-
cravingd

RAPIe Alcohol usef

Dwell time-based Bias Indexg 0.35b 0.28b 0.27b 0.18
First alcohol fixations 0.25a 0.20a 0.19 0.09
Latency Alcohol −0.14 −0.23a −0.14 −0.01

Non-Alcohol −0.21a −0.35b −0.20a −0.07

a Correlation is significant at the 0.05 level (2-tailed).
b Correlation is significant at the 0.01 level (2-tailed).
c AUDIT (The Alcohol Use Disorders Identification Test) evaluate alcohol

consumption, drinking behaviors and dependence symptoms, and alcohol-re-
lated problems.

d Measurements in the Addictions for Triage and Evaluation measures
craving for alcohol.

e Rutgers Alcohol Problem Index evaluate drinking problems in adolescence.
f The last 7 days alcohol use based on the standard drinking scale.
g Bias Index; the mean dwell time on alcohol minus the mean dwell time on

soda pictures.

Table 3
Correlations between measure of attentional bias and measures of alcohol (mis)
use – second session.

AUDITc MATE-
cravingd

RAPIe Alcohol usef

Dwell time-based Bias Indexg 0.14 0.20a 0.17 0.15
First alcohol fixations 0.19a −0.01 −0.008 0.11
Latency Alcohol 0.08b −0.01 0.003 0.03

Non-Alcohol −0.04 −0.11 −0.11 −0.08

a Correlation is significant at the 0.05 level (2-tailed).
b Correlation is significant at the 0.01 level (2-tailed).
c AUDIT (The Alcohol Use Disorders Identification Test) evaluate alcohol

consumption, drinking behaviors and dependence symptoms, and alcohol-re-
lated problems.

d Measurements in the Addictions for Triage and Evaluation measures
craving for alcohol.

e Rutgers Alcohol Problem Index evaluate drinking problems in adolescence.
f The last 7 days alcohol use based on the standard drinking scale.
g Bias Index; the mean dwell time on alcohol minus the mean dwell time on

soda pictures.

Fig. 2. Relationship between AUDIT score and Bias Index score in first and second sessions.
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the AB measure based on the proportion of first fixations (in this study
on alcohol stimuli) or the latency of the first (alcohol) fixations showed
low internal consistency. On the one hand, this may indicate that the
first fixation-based measures are not psychometrically sound. It could,
however, also be that AB (also in the context of alcohol cues) is mainly
driven by a difficulty to redirect attention away from alcohol cues and
less so to the initial, attention-grabbing properties of alcohol cues (cf.
Field et al., 2016). In other words, the first fixation-based measures may
predominantly pick up noise instead of a systematic attentional pattern.

Consistent with such interpretation, it was found that the relation-
ship with craving problems and problematic behaviors related to al-
cohol use was most pronounced for the dwell-time based AB measure.
In addition, the current results are consistent with earlier findings
within the context of alcohol use showing a more powerful correlation
between craving and AB measures relying on direct (e.g., eye tracking)
than on indirect (RTs) assessments of attentional processes (Field et al.,
2016). The failure to find a correlation between RT-based attentional
bias measures and craving problems may be the result of the relatively
poor psychometric quality of the RT-tasks (Rodebaugh et al., 2016).

The medium-sized correlation between the current dwell-time based
AB measure and the behavioral measures of alcohol use-related pro-
blems not only supports the psychometric quality of the current mea-
sure but also supports the view that AB may be involved in alcohol
misuse. Thus, the current pattern of findings may also be taken to in-
dicate that this newly developed eye-tracking task is a helpful and
promising new tool to test further the hypothesized impact of AB on
alcohol misuse (e.g., Franken, 2003; Field, Mogg, Bradley, & B., 2006;
Field et al., 2016).

In further support of the usefulness of the current dwell-time based
measure, the correlation between the measure of session 1 and 2 was
substantial and similar to the test-retest correlation found by Lazarov
et al. (2016) (0.59 vs. 0.63). In other words, compared to the often used
RT-based AB measures derived from the visual probe task, the stability
of the current dwell-time based measure was much higher, although it
should be acknowledged that the current level of stability was still
below the conventional lower limit of satisfactory test-retest reliability
(0.59 vs. 0.70). One explanation for the still suboptimal stability of the
current AB measure might be that habituation effects or carry-over
effects have influenced the results during the second assessment,
thereby lowering the correlation of the AB measure between both test
sessions. Another explanation might be that by exposing participants to
the same set of images on more than one session, there could be some
boredom or fatigue in fixating on the same alcohol-related images that
could lead to increased fixation on the other (non-alcoholic) items.
Although this seems at odds with the relatively strong stability over
time, it may be considered that this robustness may partly reflect var-
iance that is not really related to the motivational salience of the stimuli
but related to more general performance characteristics that are un-
related to the interest in the stimuli and independent of people's
drinking behavior. Finally, it may be that AB can at least partly be best
seen as a more state-like phenomenon, as AB has been shown to be
sensitive to internal factors (e.g., stress, Field & Powell, 2007) and ex-
ternal factors (e.g., cue reactivity, Ramirez, Monti, & Colwill, 2015).
Thus, even mild contextual differences across session may contribute to
lowering the correlation between two test occasions. Clearly, this also
points to the critical importance of keeping internal and external con-
texts as similar as possible across individuals when interested in using
AB as a measure of individual differences.

The AB measure based on first (alcohol) fixation also significantly
correlated with craving problem and alcohol use-related problems. This
finding thus provided further support for the relevance of AB in alcohol
abuse. However, because the reliability of this measure was not sup-
ported by the relevant reliability estimates this finding should be in-
terpreted with care.

Finally, it was found that behavioral problems related to alcohol use
and craving problem were associated with shorter first fixation

latencies. This small to medium-sized relationship was, however, not
specific for alcohol cues, and this pattern of results is therefore difficult
to explain. One way to go would be to include a neutral non-drink
category in the design (e.g., Pennington et al., 2019). Such a strategy
might also more generally enhance the sensitivity of the design because
an AB for alcoholic stimuli might be partly independent of an AB for
sodas. People with an AB for drinks in general, would now fail to show
an AB for alcohol because the AB measure is computed as the difference
in dwell time between alcohol and soda stimuli (or the proportion of
first alcohol fixations) between alcohol and soda stimuli.

The current study has several strengths including the relatively
large sample size and the inclusion of two test sessions. However, there
are also some important limitations that need to be acknowledged.
First, the current study was restricted to a non-clinical student popu-
lation and they were predominantly female. It would be important for
future research to test whether the current findings are robust for both
genders, and to replicate the current study in a clinical sample of people
with substance use disorders. Second, AB for alcoholic cues may vary as
a function of time of the day. For example, in the morning AB may be
less pronounced than at the end of the afternoon. Because participants
were measured throughout the whole day, this might have reduced the
sensitivity of our design. One way to go would be to test participants at
the point of the day during which they usually experience most craving.
As a related limitation, the participants were measured in a ‘sterile’ lab-
context. It seems reasonable to assume that the current type of AB for
alcohol cues is context dependent. Perhaps, then, the sensitivity of the
task to find reliable indices of AB can be further enhanced by testing in
a relevant (e.g., bar) context. Along the same line, it could be argued
that it would be helpful to test in a relevant mood state (internal con-
text). Third, in this study, we only indexed alcohol consumption by
assessing alcohol use during the last seven days. Although this may
render our measure less sensitive to memory biases, it may not always
reflect an accurate representation of the typical alcohol use pattern of
participants. In addition, it is relevant to emphasize that in the current
study the craving measure reflected mean craving over the last 7 days.
Given the theoretically hypothesized relations between state craving
and attentional bias (Franken, Zijlstra, Booij, & van der Brink, 2006), it
would be relevant for future research to investigate the relationship
between AB as indexed with the current task and the strength of mo-
mentary craving.

In conclusion, especially the dwell time-based AB measure that was
derived from the newly devised free-viewing multiple-stimulus eye
tracking tool showed excellent internal consistency and promising test
re-test reliability. In addition, this measure showed satisfactory cri-
terion validity that not only confirmed the psychometrical soundness of
the AB measure but also the view that AB is involved in alcohol use
problems. Taken together, this newly developed free-viewing assess-
ment task seems a welcome addition to the available measures of AB
and may be a helpful tool to further investigate the role of AB in the
development and persistence of alcohol use problems.
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