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Being addicted to substances such as alcohol and drugs is related to subsequent negative 
physical and mental health consequences (Bernardin, Maheut-Bosser, & Paille, 2014; 
Gates, Gorbin, & Fromme, 2016; Lindgren et al., 2016) and is often accompanied by high 
costs for the society (Goossens, Van Hasselt & Sannen, 2012). Effective and accessible 
treatment for substance use disorders is therefore highly relevant for individuals who 
suffer from addiction, as well as for the society. However, substance use disorders are 
known for their persistent nature, which is reflected in high rates of relapse even after 
initially successful treatment (Hunt, Barnett, & Branch, 1971; McLellan, Lewis, O’Brien, 
& Kleber, 2000). Enhancing knowledge about underlying mechanisms contributing 
to the persistence of substance use disorders seems a crucial first step to find ways to 
improve treatment outcome and reduce rates of relapse. 

The first part of this dissertation therefore aimed at furthering our understanding 
of the role of an underlying process that has been suggested to contribute to the 
persistence of addiction, namely attentional bias (AB). Thus far, several reviews have 
shown evidence for the presence of an AB in several substance use disorders (Cox, 
Fadardi, & Pothos, 2006; Franken, 2003; Leeman, Robinson, Waters, & Sofuoglu, 2014; 
Robbins & Ehrman, 2004; Zhang et al., 2018), but there are also studies that failed to 
find support for the supposed role of AB in addiction (e.g., Bauer & Cox, 1998; Charles 
et al., 2015; Munafò, Mogg,  Roberts, Bradley, & Murphy, 2003). These inconsistencies 
in findings might derive from methodological issues of commonly used AB assessment 
tasks. Therefore, the first two studies of this dissertation investigated the utility of 
two assessment tasks that have rarely been studied in the context of substance use 
research, and which are thought to circumvent some of the critical methodological 
issues that have been raised against previously used tasks. 

The aim of the second part of this dissertation was to investigate the effectiveness of 
directly modifying AB by means of an attentional bias modification (ABM) intervention 
in order to enhance treatment outcome. Given that previous attempts to synthesize 
the literature on ABM interventions appeared to be suboptimal (Christiansen, 
Schoenmakers, & Field, 2015; Cristea, Kok, & Cuijpers, 2016), and were focused on 
cognitive bias modification in general rather than on ABM in particular, the evidence 
for the effectiveness of ABM interventions remained unclear. Therefore, this part of 
the dissertation tried to shed light on this gap of knowledge by presenting a systematic 
review on ABM interventions in addictions, and by testing the efficacy of a novel ABM 
training as an add-on intervention to treatment as usual (TAU) in treatment-seeking 
individuals diagnosed with alcohol use disorder (AUD) or cannabis use disorder (CUD). 
In this Chapter, the main findings of Chapters 2 to 6 of this dissertation will be 
summarised and integrated, and general considerations, clinical implications and 
directions for future research will be discussed.             
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SUMMARY AND INTEGRATION OF FINDINGS

THE VST AND THE OOOT AS ASSESSMENT TASKS FOR AB IN SUBSTANCE USE

In the literature, several methodological issues have been raised as explanations of 
inconsistent findings with regard to the role of AB in addiction. These methodological 
issues relate to (1) the inability of common assessment tasks such as the visual probe 
task (Ehrman et al., 2002; MacLeod, Mathews, & Tata, 1986), to differentiate between 
engagement and disengagement bias (Grafton & MacLeod, 2014), (2) the simplistic 
stimulus configuration of common assessment tasks which is suggested to not 
adequately challenge the attentional system and not being an adequate representation of 
real-life substance use situations (Hertel & Mathews, 2011), and (3) insufficient internal 
consistency and test-retest reliability of these tasks (Ataya et al., 2012; Brown et al., 
2014; Cisler, Bacon, & Williams, 2009; Schmukle, 2005). Therefore, in Chapters 2 and 3 
the potential of the Visual Search task (VST) and the Odd-One-Out task (OOOT) as AB 
assessment tasks were tested. Both tasks have a more complex stimulus configuration, 
with the latter being able to deliver two distinct indices that have been proposed to 
reflect engagement bias and disengagement bias. For both tasks, the psychometric 
properties of the derived AB measures were assessed. 

ENGAGEMENT BIAS, DISENGAGEMENT BIAS, OR BOTH?

Engagement bias and disengagement bias, two processes underlying attentional 
selectivity (Posner, 1980; Posner & Peterson, 1990), might independently contribute to 
an AB as exhibited in substance use disorders. That is, attentional engagement might be 
expressed by a lower threshold for attention to be shifted towards substance-relevant 
cues, whereas a difficulty to disengage attention might be expressed by an inordinate 
tendency for attention to remain focused on substance-relevant cues. Both attentional 
tendencies might increase craving which in turn might lower the threshold for repeated 
use of substances. Differentiating between engagement bias and disengagement bias 
when assessing AB in substance use disorders might therefore be relevant as both 
attentional processes might be independently (and differentially) involved in addictive 
behaviour (see for an example in anxiety research Grafton & MacLeod, 2014), which 
in turn might have differential implications when it comes to treatment. To test 
whether AB for substance-relevant cues is characterized by attentional engagement, 
disengagement, or both, Chapter 2 compared two AB assessment tasks, one of which 
delivered separate indices for engagement and disengagement bias (i.e., OOOT). In this 
study, the AB index as derived from the VST and the disengagement index as derived 
from the OOOT were both significantly related with alcohol use outcome variables 
(i.e., frequency of used alcohol, with the latter also being related with the number 
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of used standard units of alcohol). Given that only the disengagement index but not 
the engagement index of the OOOT showed a relationship with alcohol use, AB might 
mainly be characterised by a difficulty to disengage attention from alcohol cues rather 
than a tendency of heightened attentional engagement with these cues. These first 
results suggested that differentiating between these two components of AB might 
indeed be relevant, and might help to further understand the role of AB in addiction. 
This was further supported by the results of the post-hoc analysis, which showed that 
in contrast to the results of the overall sample, for male participants engagement bias 
was related with the frequency of alcohol use, whereas this was not the case for female 
participants. These results suggested that the way AB is manifested and displayed 
might even differ between certain subgroups, for example between male and female 
substance users. In turn, this might suggest that certain subgroups possibly differ in 
the way these processes contribute to the persistence of addiction.  

When further investigating the relevance of differentiating between engagement 
and disengagement bias, the findings reported in Chapter 3 showed that individuals 
diagnosed with CUD were specifically characterised by heightened attentional 
engagement with substance-relevant cues. A similar trend was evident for individuals 
diagnosed with AUD, but for AUD the results were weak and should therefore be 
considered inconclusive. For both clinical samples, there was no evidence for more 
difficulty to disengage attention from substance-relevant cues when compared with 
matched comparison groups without the diagnoses of AUD or CUD. In particular, 
individuals diagnosed with AUD or CUD, as well as individuals without these diagnoses 
showed a tendency of being relatively more distracted by substance-relevant cues than 
by neutral cues. Thus, the results of the second study also suggested that engagement 
and disengagement bias might be differentially involved in addictive behaviour.

At first glance, the results of the studies of Chapters 2 and 3 seem inconsistent. Whereas 
the results of Chapter 2 suggest that especially difficulty to disengage from alcohol-
relevant cues is related to alcohol use, Chapter 3 indicates that individuals with AUD 
or CUD are more likely to be characterised by heightened attentional engagement 
with substance-relevant cues rather than by a difficulty to disengage from these cues. 
Together the findings of both chapters might suggest that non-clinical and clinical 
substance users differ in the way AB is expressed. In turn, this might indicate that also 
the relevance of the biases in the persistence of addiction is differential. That is, the 
findings of Chapter 2 suggest that dependent on the amount of consumed substances, 
non-clinical substance users show more or less difficulty to disengage attention from 
substance-relevant cues. Thus, the extent to which disengagement bias is expressed 
might vary as a function of the amount of used substance. In contrast, as indicated by 
the findings of Chapter 3, individuals with problematic and clinical substance use seem 
to be characterized by heightened attentional engagement with substance-relevant 
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cues. This implies that possibly only engagement bias is characteristic for substance 
use disorders and contributes to the persistence of addiction, whereas, based on the 
current findings, this seems less likely for disengagement bias. One reason why non-
clinical and clinical substance users might differ in their expression of AB might be due 
to the fact that the consumption of substances fulfils different functions (e.g., having 
fun with others vs. coping with distress or negative emotions such as craving). This 
idea is supported by studies showing that in social substance users the consumption 
of substances, such as alcoholic drinks, is related to external factors, such as social 
activities (Arria et al., 2017), whereas substance use in clinical samples is mainly 
characterized by internal factors, such as the inability to control the use of substances 
(American Psychiatric Association, 2013). 

Whereas it might indeed be possible that disengagement bias is not a particular 
characteristic of individuals diagnosed with substance use disorder, as indicated by the 
findings reported in Chapter 2 and 3, it might however also be possible that the bias is 
only present under certain circumstances. For example, a study in eating behaviour 
research suggested that disengagement bias for food might only be prevalent if an 
individual is high in craving for food (Jonker, Glashouwer, Hoekzema, Ostafin & de 
Jong, 2019). This would suggest that individuals with a diagnosis of substance use 
disorder might differ from non-addicted individuals in their difficulty to disengage 
from substance-relevant cues, but only when they experience high levels of craving 
for the substance. To test this idea, it would be interesting to investigate the effects on 
AB, and disengagement bias in particular, after a craving induction procedure. Further, 
the inconsistency in findings might also relate to weak psychometric properties of the 
OOOT (see below). Taken together, the studies described in Chapter 2 and 3 deliver no 
straightforward answer about whether AB in addiction is characterised by heightened 
attentional engagement with substance-relevant cues, a difficulty to disengage 
attention from these cues, or both. However, the results indicated that it might be 
worth to further disentangle the differential roles of both underlying attentional 
processes, and their contribution to the persistence of addiction. 

INTERNAL CONSISTENCY AND TEST-RETEST RELIABILITY

Given that commonly used (indirect) assessment tasks for AB have been found to have 
insufficient psychometric properties (Ataya et al., 2012; Brown et al., 2014; Cisler et al., 
2009; Schmukle, 2005) one aim of this dissertation was to test the internal consistency 
and test-retest reliability of two alternative assessment tasks that have been thought 
to also account for other methodological issues of previously used tasks. Therefore, in 
Chapter 2, the psychometric properties of the VST and the OOOT were tested. For the 
VST, internal consistency was adequate whereas test-retest reliability was weak. For 
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the OOOT, internal consistency and test-retest reliability were both found to be weak. 
Overall, the results on both psychometric parameters were comparable with previously 
used assessment tasks of AB (Ataya et al. 2012), meaning that despite the fact that the 
VST and the OOOT accounted for other methodological issues, in their current version 
the tasks were not able to solve the problem of insufficient reliability. One possible 
explanation for the insufficient internal consistency and test-retest reliability in the 
study of Chapter 2 was the use of an analogue student sample. That is, AB might not be 
a stable characteristic of the student population as this population has been described 
to often consume alcohol as part of other activities instead from an urge to drink (Arria 
et al., 2017). Therefore, in Chapter 3 the psychometric properties of the OOOT were 
further investigated in two clinical samples of individuals diagnosed with AUD or CUD. 
The AB indices of these clinical samples were compared with two matched comparison 
groups without the diagnoses of AUD or CUD. The internal consistencies of the OOOT in 
Chapter 3 were found to be better for the two clinical samples, especially with regard 
to the engagement bias, whereas for the non-clinical comparison samples the internal 
consistencies were comparable with the results of the non-clinical student sample of 
the study in Chapter 2. This is consistent with the view that the reliability of measures 
is more likely to be acceptable/good in relevant samples as the measures otherwise 
may mainly capture noise rather than the process of interest (Field & Christiansen, 
2012). The stability as reflected in test-retest reliability was not examined in the study 
of Chapter 3. Therefore, no conclusions could be made with regard to the stability of 
this estimate in a clinical sample.

Besides that psychometric parameters are dependent on the sample in which they 
are administered, there are other factors that are known to influence the likelihood 
of a task being internally consistent and reliable (Ataya et al., 2012). One of the factors 
that may have influenced the results of the OOOT in the studies of this dissertation is 
the limited number of trials that could be used to compute the AB measures. In both 
studies participants made a substantial number of errors during the OOOT. Because the 
reaction times of error-trials could not be used for the computation of AB measures, 
the high number of errors might have reduced the reliability and sensitivity of the 
AB measures as derived from the OOOT. It seems therefore relevant to investigate 
the psychometric properties of an updated version of the OOOT that was modified to 
reduce the number of errors (see for details clinical implications and future research). 

On a more critical note, we should possibly re-think what we assume to be a ‘reliable’ 
task, and which estimates we expect to be appropriate to index the reliability of a 
task that is based on reaction times. That is, several authors have suggested that the 
reliability of AB measures might not be appropriately indexed by means of internal 
consistency. This might especially be true for performance measures based on reaction 
times where the target category of stimuli is task-irrelevant, and where the received 
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relevance of different stimulus categories might differ within individuals as in the 
OOOT (see for example Huntjens, Rijkeboer, Krakau, & de Jong, 2014). Thus, the same 
procedures that have been used to establish the reliability of questionnaires, might 
not be the most appropriate procedure for reaction time based tasks. Therefore, future 
studies might search for alternatives that are more suited to assess the reliability of AB 
assessment tasks. At least, it seems relevant to realise that low internal consistency 
might be especially problematic when measuring within-group differences over time, 
but less critical when testing between-group differences. However, given that once 
(clinically) relevant differences between groups have been identified, one might be 
especially interested in changes within groups, attempts to increase the reliability of 
AB assessment tasks might nevertheless be of great relevance.  

ERRORS OF THE OOOT

In both, Chapter 2 and Chapter 3, participants made a substantial number of errors on 
the trials of the OOOT meaning that they indicated that no odd-one-out was present 
whereas in reality an odd-one-out was present. When looking more closely into the 
errors that have been made throughout both studies, there are several things that stand 
out. First, the percentages of errors made on the OOOT in Chapter 3 were comparable 
between the two clinical samples and the two matched comparison groups. Thus, in this 
study the number of errors made on the task were unrelated to substance use. This is in 
contrast with previous studies showing that AB might also be indexed by accuracy (see 
for example Van Damme, Crombez, & Notebaert, 2008). However, whether accuracy 
or reaction times are more appropriate to index AB is likely to be dependent on the 
instructions of the task. In principle, reaction times seem more appropriate in tasks 
where the emphasis is on accuracy (difference in reaction times between different 
trial types), whereas error rates might deliver more information when the emphasis 
is on speed (difference in error rates between different trial types).

Second, when comparing the percentages of errors that have been made in Chapters 
2 and 3, it appears that on average all four samples in Chapter 3 made 10% more 
errors than the sample that was included in Chapter 2. One possible explanation for 
the difference in the percentage of errors made on the OOOT might be related to the 
age difference between the two studies. Whereas participants in Chapter 2 were on 
average around 20 years old, participants in the study of Chapter 3 were on average 50 
or 30 years old, respectively for participants in the alcohol and its comparison group 
and in the cannabis and its comparison group. However, there are some indications 
that although increasing age is related to slower reaction times, it is unrelated to 
error rates on reaction time tasks (Smith & Brewer, 1985). Therefore, it might be more 
likely that the difference in percentage of errors between the two studies is related to 
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a difference in the procedure between these studies. The study as described in Chapter 
2 was conducted in a controlled and quiet laboratory-environment, whereas the task 
in Chapter 3 was completed online in the home-environment of the participants. The 
online assessment of AB might be more vulnerable to distraction and lower motivation 
than a lab-assessment, which in turn may result in more errors (see for example 
Christiansen et al., 2015). 

Third, a more general explanation for the high error rates of the OOOT might be related 
to the contrast categories of choice. In general, we found that most errors were made 
on trials in which the substance-relevant category (i.e., alcohol or cannabis) was 
presented among visually similar (i.e., non-alcoholic drinks) or less coherent (i.e., 
daily devices) contrast stimuli, either as target or distractor. There were fewer errors 
on trials when the contrast category was more different from the substance-relevant 
category and was more coherent (i.e., flowerpots and flowers). For the alcohol as well as 
for the cannabis OOOT, the errors might therefore reflect a problem in differentiating 
between the stimuli, which in turn might have also influenced the internal consistency. 
Whereas in Chapter 2 the differentiation between alcohol stimuli and non-alcoholic 
drinks stimuli in the VST was possible (error rates were comparable with other reaction 
time based AB assessment tasks), the differentiation between stimulus categories in 
the OOOT might have been more difficult because of the inclusion of a third contrast 
category (i.e., flowerpots) and the uncertainty of the presence or absence of an odd-
one-out. To account for this problem in future studies, the OOOT might be improved 
by using contrast categories that are easier to differentiate when compared with the 
substance-relevant category, and are more coherent. An indication that the use of more 
distinct contrast categories results in fewer errors on the OOOT, comes from a recent 
study in the field of eating behaviour research using contrast stimuli of office supplies 
and flowers in which the error rate was clearly lower (~ 1 %) than in the studies of 
this dissertation (~ 20 – 30 %; Jonker et al., 2019). Nevertheless, given the complexity 
of the task making some mistakes seems inevitable. It might therefore be worth to 
generally add more crucial trials (i.e., trials including an odd-one-out), as a means to 
heighten the number of observations that can be used to compute the AB measures. 

A final explanation, that however only holds for the alcohol version of the OOOT, relates 
to the idea that individuals with AUD might show a tendency to attend more quickly 
to cues that are related to appetitive stimuli in general rather than to alcohol cues in 
particular (e.g., Pennington, Qureshi, Monk, Greenwood, & Heim, 2019; Wiers, Rinck, 
Dictus, & van den Wildenberg, 2009). Such a tendency would influence the results as 
the contrast category of non-alcoholic drinks stimuli would not be received as neutral. 
However, this explanation cannot be translated to the cannabis version of the OOOT, 
as this version did not include a contrast category of appetitive stimuli. In addition, 
a recent study in individuals diagnosed with cocaine use disorder has shown that 
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brain activation was specific for substance-relevant cues even when compared with 
appetitive control stimuli (Mayer et al., 2019). The validity of this explanation therefore 
remains unclear and further research is necessary to understand whether individuals 
with substance use disorder, and AUD in particular, show an AB for substance-relevant 
cues or appetitive cues in general.

EFFECTIVENESS OF ABM INTERVENTIONS FOR SUBSTANCE USE 
DISORDERS 

Previous research found that traditional treatment procedures, such as cognitive 
behavioural therapy, might not be able to influence the strength of AB (Van Hemel-
Ruiter, Wiers, Brook, & de Jong, 2016), meaning that AB remains stable throughout 
treatment. Given that AB is suggested to play a role in the persistence of addictive 
behaviours, ABM interventions have been developed with the specific aim of directly 
modifying AB. If effective, an ABM intervention would result in (1) reduced AB towards 
substance-relevant information, and (2) clinically relevant changes of substance use 
disorder symptoms. 

IS ABM EFFECTIVE?

It has been suggested that the findings of previous reviews investigating the effectiveness 
of ABM interventions (Christiansen et al., 2015; Cristea et al., 2016) have been biased in 
several ways by how they synthesised existing studies (Field, 2016; Wiers, 2016). First, 
no difference was made between lab-based studies that focused on the exploration of 
underlying processes and mechanisms, which usually include non-clinical samples 
that are not motivated to change their behaviour, and clinical studies that focused 
on the effects of ABM interventions on addictive behaviours that include treatment-
seeking individuals who are motivated to change. Not differentiating between these 
two types of studies might be problematic as even a successful modification of an 
implicit process, such as AB, is not likely to result in behavioural changes if a person 
is not motivated to change (see also Boffo et al., 2019). Second, these reviews mainly 
focused on the clinical effects of ABM intervention without taking baseline AB and 
its changes to post-test into account. However, clinically relevant changes cannot 
be expected if the ABM intervention is not successful in modifying AB (MacLeod & 
Grafton, 2016). On the basis of this, Chapter 4 of this dissertation described a systematic 
review that aimed to give an overview of the current status of knowledge regarding 
the effectiveness of ABM interventions in addiction with regard to both changes in 
AB and changes in symptoms. 
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With regard to the effectiveness of ABM interventions to successfully change AB, the 
results as presented in Chapter 4 showed that AB can be successfully modified using 
ABM interventions (see for example Kerst & Waters, 2014; Lee & Lee, 2015). In particular, 
if AB was present at baseline, most of the times ABM resulted in significant changes 
of AB at post-test. More surprisingly, significant changes in AB were also reported 
when no bias was present at baseline. This raised the question whether baseline AB 
is a prerequisite for ABM interventions to be effective or whether training attention 
away from substance-relevant cues in terms of a new bias might also have positive 
effects on treatment outcome. The latter would suggest that ABM interventions would 
be effective independent of the presence of AB before the intervention and would 
therefore probably be effective for a larger group of patients. Based on these findings, 
it seems important to further investigate whether an AB for substance-relevant cues 
is necessary in order to profit from ABM interventions, both in terms of successful 
changes of AB and changes of symptoms. On a critical note, the inconsistent results 
with regard to baseline AB might also suggest that the role of AB in addiction has been 
overvalued or might be related to methodological issues of the assessment tasks of 
AB (see above). Further, the results of Chapter 4 revealed that most studies have used 
the same paradigm for the assessment of AB as for the ABM procedure. It therefore 
remains unclear whether the reported changes are actual changes in AB or merely 
reflect a learning effect (i.e., participants who become better on this particular task; 
Cristea, et al., 2016). To differentiate between learning effects and actual transfer 
effects of newly learned processes, it might be relevant to use different paradigms for 
the assessment of AB and its modification (for an example in eating behaviour research 
see Jonker et al., 2019). Finally, Chapter 4 found evidence that multiple sessions of ABM 
are necessary to achieve long-lasting successful modification of AB.   

Further, the results of Chapter 4 suggested that there are too few clinical studies to 
draw clear conclusions about the effectiveness of ABM interventions with regard 
to clinically relevant changes. Nevertheless, the findings suggested that in order to 
achieve successful changes of symptoms, multiple sessions of ABM seem indicated. 
How many sessions are necessary remains unclear and should be further investigated. 
There are indications of previous studies which suggest that at least five sessions are 
necessary (Eberl et al., 2014), and recent studies have often delivered a minimum of six 
sessions of training (Manning et al., 2016; Rinck, Wiers, Becker, & Lindenmeyer, 2018). 
Further, there are not enough studies that have examined the same outcome variables 
to be able to develop a consensus regarding the effects of ABM. A first indication of the 
specific effects of ABM intervention on symptoms, comes from a recent meta-analysis 
which tested the effects of cognitive bias modification interventions, and concluded 
that these interventions are most likely to positively influence rates of relapse (Boffo 
et al., 2019). However, given that the effects were small, future research should 
further investigate the specific effects of cognitive bias modification interventions 
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in general, and ABM interventions in particular. In addition, only a limited number 
of studies included follow-up assessments. Therefore, the long-term effects of ABM 
interventions on symptom changes remain unclear. To summarize, in line with a 
recent meta-analysis (Boffo et al., 2019), Chapter 4 concluded that a larger body of 
evidence is necessary in order to evaluate the effectiveness of ABM interventions. In 
particular, well-powered clinical trials are necessary that adhere to methodological 
standards of randomized controlled trials reporting on baseline AB and its changes, 
and including several follow-up measures over a long period of time.     

ABM INTERVENTION FOR ALCOHOL AND CANNABIS USE DISORDER 

To follow up on previous ABM studies, Chapters 5 and 6 of this dissertation described 
a multicentre randomized controlled trial in which the effectiveness of a novel ABM 
intervention was tested in patients diagnosed with AUD or CUD. Taking identified issues 
as discussed in this dissertation into account, the ABM intervention was provided as 
a home-delivered, internet-based, multi-session training as an add-on to treatment 
as usual (TAU). The ABM intervention, called the Bouncing Image Training Task 
(BITT), was more complex than previously used training paradigms, and included 
several gamified elements in order to increase compliance with and motivation for the 
intervention. In line, delivering the BITT as an add-on intervention to TAU enabled the 
involvement of therapists to generally increase motivation to change. The effects of 
the ABM intervention were tested by comparing substance use, craving, and rates of 
relapse between participants who completed the ABM intervention and comparisons 
after the end of TAU, and 6 and 12 months later. 

The study as described in Chapters 5 and 6 found no support for the idea that the 
addition of ABM to TAU can improve treatment outcome of substance use disorders 
in terms of reduced substance use, craving, or relapse. The non-significant findings 
might be explained by the inability of the BITT to successfully modify AB (MacLeod 
& Grafton, 2016). This is supported by the non-significant changes of AB as assessed 
with the OOOT. However, given the previously discussed issues with the OOOT (high 
error rates and weak internal consistency), which were also applicable to the results 
in Chapter 6, the current AB measure might have lacked sufficient sensitivity to 
capture training induced changes of AB. Another potential explanation concerns the 
possibility that the BITT targeted an irrelevant process. That is, the BITT seems to 
mainly target disengagement bias (see Jonker et al., 2019), as participants need to 
constantly disengage their attention from substance-relevant cues in order to track 
the single substance-irrelevant cue. However, the findings of Chapter 3 suggested that 
engagement bias might be more relevant in patients diagnosed with AUD and CUD. 
As a result, it might be that only an ABM procedure that directly targets heightened 
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attentional engagement with substance-relevant cues, results in clinically relevant 
changes of symptoms. In addition, the results of Chapter 2 suggested that there might 
be differences in AB with regard to gender. It might therefore be that also the effects 
of ABM are differential for male and female individuals with substance use disorders, 
which might have influenced the current findings. However, this remains unclear as 
the study of Chapter 6 was not powered to reliably test possible differences between 
male and female participants.  

The findings of Chapter 6 contrast with findings of previous studies that have found 
positive effects of cognitive bias modification interventions on treatment outcome 
in substance use disorders. In particular, recent studies found that cognitive bias 
modification interventions reduced rates of relapse (Eberl et al., 2013; Manning et 
al., 2016; Rinck et al., 2018; Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011). In 
line, a recent meta-analysis found that such interventions are most likely to have 
an effect on relapse (Boffo et al., 2019). In addition to the explanations given above, 
the non-significant findings of the study of Chapter 6 might be explained by the fact 
that the current sample differed from samples of previous studies with regard to 
treatment setting and treatment goal. Whereas previous studies included patients who 
were treated in a clinical setting with the goal of abstinence, patients of the current 
study were treated in an outpatient setting and treatment goal was not restricted to 
abstinence but could also concern moderation of substance use. Given that there are 
indications that the effects of cognitive bias modification interventions depend on 
treatment goal (Boffo et al. 2019), the diversity in treatment goal in the current study 
might have undermined the sensitivity of the design to detect possible effects of ABM 
on relapse rates. 

GENERAL CONSIDERATIONS

There are several aspects of the studies described in this dissertation that bear on 
the interpretation of the results and should therefore be considered. First, as already 
discussed above, one aspect concerns the reliability of the VST and the OOOT. This 
aspect should be kept in mind when interpreting the results of the studies presented 
in Chapter, 2, 3, and 6. That is, low internal consistency and/or test-retest reliability 
might have reduced the sensitivity of the tasks to capture relevant aspects of AB.

Second, to investigate the association between AB indices and craving in Chapter 2 and 
3, and to examine whether modifying AB by means of an ABM intervention resulted in 
clinically relevant changes of craving, as described in Chapter 6, craving was measured 
with the Obsessive Compulsive Drinking Scale (Schippers, Broekman, & Buchholz, 
2011), which is part of the general intake procedure in Dutch addiction care, and has 

142503_Heitmann_binnenwerk_corr_na_proefdruk.indd   184142503_Heitmann_binnenwerk_corr_na_proefdruk.indd   184 28/04/2020   20:2228/04/2020   20:22



185

GENErAL DISCUSSION

7

been found to have good psychometric properties (Anton, Moak, & Latham, 1995). As 
can be extracted from the questionnaire’s name, it conceptualises craving as a rather 
mental construct (an example of a question is: ‘How much of your time when you 
are not using is occupied by ideas, thoughts, impulses, or images related to using?’). 
However, given that among individuals diagnosed with substance use disorder craving 
is known to be experienced in several ways (Anton, 1999), for example more in terms 
of physical sensations rather than mentally, it cannot be ruled out that results have 
been influenced by the use of a questionnaire that reflects a rather narrow concept of 
craving. Therefore, it remains to be tested if the results might be different when using 
another questionnaire with a broader conceptualisation of craving.

A third consideration is the correlational nature of the studies in Chapter 2 and 3. The 
study designs of these studies are not suited to draw any conclusions about directionality 
or causality. That is, in order to draw causal conclusions, one needs to establish 
whether changes in one variable cause changes in the other variable (i.e., ‘A’ causes 
‘B’), typically by an experimental manipulation of one variable. The study in Chapter 
6 is an example of a study design that allows drawing conclusions about causality and 
directionality. In this randomized controlled trial, AB was experimentally targeted by 
means of an ABM intervention, and therefore, occurring changes in symptoms can be 
interpreted as caused by the changes in AB. Given that this study did not find changes 
in symptoms, one might conclude that AB is thus not causally related to addiction 
symptoms. However, given that also AB did not change, it might be more appropriate 
to conclude that it remains undecided whether AB has a causal role in the persistence 
of substance use disorders. Thus, to be able to conclude about causality, we first need 
an intervention that is successful in manipulating AB.

The final consideration regards the definition and administration of relapse in Chapter 
6. One aspect that complicated the definition of relapse in this study was the fact that 
the sample consisted of individuals with mild to moderate addiction, and that therefore 
the treatment goal could vary from moderation to abstinence. As a consequence, relapse 
was either defined as drinking alcohol or smoking cannabis more than someone intended 
to (i.e., moderation), or starting to drink or smoke again (i.e., abstinence). Given the 
diversity of participants’ treatment goals, no straightforward assessment of relapse was 
possible as the definition of relapse varied among participants. Therefore, we cannot 
rule out that answers on the related questions were rather subjective, and dependent 
on their personal treatment goal. This lack of clear definition and administration in 
the study of Chapter 6 might have undermined the sensitivity of finding effects of the 
ABM intervention on relapse rates. This is especially unfortunate because a recent 
meta-analysis has shown that cognitive bias modification interventions are most 
likely to have a positive effect on relapse, which seemed to be especially the case if 
the treatment goal was abstinence (Boffo et al., 2019).
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CLINICAL IMPLICATIONS AND FUTURE RESEARCH DIRECTIONS

The studies presented in this dissertation deliver first indications that differentiating 
between the underlying processes of AB – attentional engagement and disengagement 
– might be relevant in the context of substance use disorders. That is, in an analogue 
student sample in Chapter 2, disengagement bias but not engagement bias was related 
with substance use variables. In Chapter 3, individuals diagnosed with AUD or CUD 
were more likely to be characterised by heightened attentional engagement with 
substance-relevant cues, whereas these groups did not differ with regard to difficulty 
to disengage attention from these cues when compared with individuals without these 
diagnoses. In particular, the findings might suggest that disengagement bias is related 
with substance use in non-clinical social substance users, whereas engagement bias is 
specific for clinical substance users. This implies that especially heightened attentional 
engagement is characteristic for problematic substance use, and might contribute to 
the persistence of addiction. Given that in order to be effective an intervention should 
target the relevant process(es) (see for examples in anxiety disorders Clarke, MacLeod, 
& Guastella, 2013; Grafton & MacLeod, 2014; Rudaizky, Basanovic, & MacLeod, 2014), 
it seems important to further investigate the role of engagement and disengagement 
bias in substance use disorders. 

In line, one way to further study the role of engagement and disengagement bias in 
addiction might be by using an updated version of the OOOT. That is, in its current 
version the OOOT showed some merit as an AB assessment task which is able to deliver 
distinct indices of engagement and disengagement bias. In Chapter 2, disengagement 
bias also showed criterion validity as it was found to be associated with relevant 
substance use variables (i.e., frequency of consumed alcohol), and for male participants 
engagement bias was related with the number of used standard units of alcohol in the 
previous month. However, given that these associations were found to be weak, and a 
substantial number of errors were made when completing the task (also in Chapters 
3 and 6), it is important to critically evaluate the current version of the task before it 
can be recommended for future research. Based on the current findings and previous 
studies on reaction time tasks (e.g., Ataya et al., 2012), the OOOT might be improved 
by using more distinct contrast categories, and by adding more relevant trials, as well 
as practice trials. 

We are currently testing the potential of such an updated version of the OOOT. In this 
version, the contrast categories for the alcohol cues consist of images of office devices 
and flowers (see Jonker et al., 2019). Further, in the updated version, participants 
complete several practice trials before the start of the crucial trials in which they 
receive feedback. This feedback is intended to increase the understanding of the 
task and reduce errors. Given that previous studies have suggested that AB might be 
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dependent on the context and motivational states of participants (Christiansen et al., 
2015), the updated OOOT is assessed in an alcohol-relevant environment (i.e., a bar). 
The results obtained with such an updated version of the OOOT might deliver relevant 
information about the nature of AB in substance use disorders. Especially if the indices 
are found to have stronger associations with relevant substance use variables, and 
show better psychometric properties. 

In addition, the findings of the study in Chapter 2 suggest that AB might be differentially 
expressed in males and females. That is, only for male participants engagement bias 
was related to alcohol consumption. These findings are in line with previous studies 
that have reported a positive relation between AB and alcohol consumption for men 
but not for women (Emery & Simons, 2015; Willem, Vasey, Beckers, Claes, & Bijttebier, 
2013). The most self-evident explanation for why alcohol consumption is related to 
AB in males but not females might be due to the fact that generally men drink higher 
amounts of alcohol. However, given that in Chapter 2 no differences were found between 
male and female participants in the amount of consumed alcohol, possible gender 
differences might also be related to differences in neural processing of emotionally 
evocative cues (Cahill, 2006; Sass et al., 2010). That is, men often show greater visual 
activity to appetitive stimuli than women (Sabatinelli, Flaisch, Bradley, Fitzsimmons, 
& Lang, 2004). Given these first indications of gender differences in AB, the updated 
OOOT might also be used to measure AB in sufficiently large groups of male and female 
participants to compare their attentional tendencies in a well-powered study. Once 
we have a clearer picture about the role of engagement and disengagement bias in 
addiction, procedures to test their causal role in the persistence of addiction, by means 
of a direct modification, can be better tailored to directly target the relevant process(es).

The studies of this dissertation further suggest that it is yet too early to draw clear 
conclusions about the effectiveness of ABM interventions. In line with previous attempts 
to synthesise the literature (Christiansen et al., 2015; Cristea et al., 2016), Chapter 4 
found mixed results for the effectiveness of ABM interventions on clinically relevant 
changes. As discussed, one important reason for the lack of knowledge concerns the 
limited number of clinical studies testing the effects of ABM interventions in the field of 
addiction research. Therefore, the study of Chapter 6 aimed to expand this knowledge 
by testing the effects of a novel ABM intervention in patients diagnosed with AUD 
or CUD. Unfortunately, no clinically relevant changes were found. As discussed, one 
explanation for the non-significant findings relies in the constitution of the current 
ABM intervention which seems to predominantly modify individual’s difficulty to 
disengage attention from substance-relevant cues. However, Chapter 3 indicated that 
individuals diagnosed with substance use disorders are more likely to be characterised 
by heightened attentional engagement with these cues. If future research, for example 
by the use of an updated OOOT (see above), confirms that engagement bias is more 
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relevant in substance use disorders, it seems important to investigate the effectiveness 
of an ABM intervention that is tailored to directly modify heightened attentional 
engagement with substance-relevant cues.

In particular, an adapted version of the BITT might be used to directly modify 
engagement bias. In this version of the BITT, the eight bouncing squares would be 
empty and at the start of each trial contain no images. At unpredictable time intervals, 
however, one substance-irrelevant image and seven substance-relevant images would 
appear in the squares. Participants are instructed to click on the single substance-
irrelevant image as quickly as possible. Once they clicked on this image, all eight 
images would disappear leaving the squares empty again, until the start of the next 
trial. With this adapted version of the BITT, participants would train to more quickly 
direct their attention towards substance-irrelevant versus substance-relevant cues. 
Although, disengagement processes of attention would also be necessary to complete 
such training, as substance-relevant cues need to be ignored, the focus of such an 
ABM intervention would be on engaging with substance-irrelevant information in 
the presence of substance-relevant cues. By repeatedly engaging with substance-
irrelevant stimuli, the automatic tendency to engage with substance-relevant cues 
might be re-trained. In the current version of the BITT, the frequency of engaging 
with a new substance-irrelevant cue was much lower, and the focus was more on 
keeping attention away from the distractors. Using this adapted training paradigm, 
one could test whether engagement bias can be successfully modified, and whether 
modifying engagement bias results in clinically relevant changes of substance use 
disorder symptoms and rates of relapse. 

Independent of the relevance of ABM, the results of Chapter 6 emphasise the need for 
more effective treatment in addiction care. In the overall sample of this study, craving 
and secondary comorbid symptoms increased in the months after treatment, even above 
the initial values before the start of treatment. In line, the average number of months 
that participants reported until their first relapse was about three. These findings are 
in line with previous research showing that up to 70% of individuals suffering from 
substance use disorder relapse within the first year after treatment (Hunt et al., 1971; 
McLellan et al., 2000). It is therefore highly relevant to further investigate what exactly 
are the underlying processes of the disorder in order to improve treatment outcome, 
and to reduce high rates of relapse after treatment.
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CONCLUSION

Together the findings of this dissertation do not allow a straightforward conclusion 
about the potential of the VST and the OOOT as (improved) assessment tasks for AB 
or the role of AB in terms of engagement and disengagement bias in substance use 
disorders. The findings suggest that both tasks might have some merit to assess AB for 
substance-relevant cues. Importantly, the results do indicate that the differentiation 
between engagement bias and disengagement bias might be relevant in the context of 
addiction. It seems critical to further improve the assessment tasks to arrive at more 
reliable AB measures, and to investigate which components of AB are involved in the 
persistence of substance use disorders. This knowledge would help improve current 
attempts to modify AB in order to increase treatment outcome.  

Also, no clear answer can be given to the question whether ABM can help improve 
treatment outcome in substance use disorders. The current findings indicated that the 
mixed results might be explained by the lack of a successful modification of AB using 
current ABM interventions. In line, given the unreliable assessment tasks to measure 
AB, it is not possible to properly establish whether current ABM interventions, including 
the BITT, are actually able to successfully modify AB for substance-relevant cues or 
not. Clearly, to investigate the effectiveness of ABM interventions, sufficiently reliable 
measures are necessary to establish whether ABM results in a successful change of 
the targeted process. Further, whether ABM interventions are effective in reducing 
relevant symptoms, might be dependent on whether or not they target the relevant 
process(es). Although this dissertation does not provide compelling evidence for the 
effectiveness of ABM interventions in addictions, given that still a lot remains unknown, 
on the basis of the current data it seems also premature to disregard the utility of 
these kinds of interventions. There is an urgent need to increase the effectiveness of 
current substance use disorder interventions, and if AB contributes to the persistence 
of addiction but is not targeted by current interventions in addiction care, it seems 
worthwhile to further investigate the potential of ABM interventions to increase 
treatment outcome and reduce relapse rates.
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