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Prevention in Addiction: Using Serious Games  
to (re)train Cognition in Dutch Adolescents 

Wouter J. Boendermaker(), Pier J.M. Prins, and Reinout W. Wiers 

Developmental Psychology, University of Amsterdam, Amsterdam, The Netherlands 
{w.j.boendermaker,p.j.m.prins,r.w.wiers}@uva.nl 

Abstract. Excessive use of psychoactive substances during adolescence poses a 
serious health risk. It can lead to cognitive impairment, as well as addictive 
problems later in life. Dual process models of addiction suggest that to counter 
this development, the overdeveloped automatic reactions to drug-related cues 
should be tempered and cognitive control functions should be strengthened.  
Recently, several training paradigms have been developed to (re)train these 
processes. While effective in long time users, most adolescents lack a motiva-
tion to train. To motivate them we have developed several serious games that 
incorporate these evidence-based training paradigms. This paper will present 
some of them and describe how they work. 

Keywords: Serious games · Cognitive training · Cognitive bias modification · 
Motivation · Adolescents · Substance use 

1 Introduction 

Adolescents and young adults are known for their experimental and sometimes reck-
less behavior when it comes to using psychoactive substances. However, especially at 
that age, misuse of alcohol and drugs can lead to significant problems, such as school 
dropout [1] and ultimately to later addiction problems. Regular prevention and treat-
ment programs tend to focus on explicit drug education, but only to limited success 
[2]. An alternative, more implicit approach comes from Dual Process models of ad-
diction (e.g., [3,4]). These propose that the development and maintenance of addiction 
problems involves an imbalance between two cognitive systems. On the one hand 
there are several overdeveloped automatic reactions towards the substance, such as 
biased attention [5] and approach [6] tendencies; on the other hand heavy users tend 
to have weaker cognitive control abilities, such as working memory [7] and inhibition 
[8], which then fail to regulate these automatic tendencies. To restore balance, train-
ing cognitive control and modifying the biased tendencies (through Cognitive Bias 
Modification, CBM) have been effective ways to decrease symptoms in long time 
heavy users [9]. An intrinsic motivation to change problematic behavior may play an 
important role in these trainings, something younger users often lack, because they do 
not see their substance use as problematic in the first place [10]. Moreover, the train-
ing paradigms used are often long and repetitive and a specific motivation to train 
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may also be needed to attain a positive effect. To increase adolescents’ motivation to 
train, one approach is to include game elements in the evidence-based training tasks 
[11]. Our team has developed several serious games, which will be presented below.  

2 Serious Games and Implicit Training 

In order to adapt some of the evidence-based implicit training tasks often used for 
cognitive (re)training, one must consider the delicate nature of these paradigms. Most 
of them are structured as repeated stimulus-response exercises and tend to be very 
sensitive to slight structural changes (e.g., changing the display duration of a cue from 
500 to 2000 ms may give very different results; [12]). As such, there is a risk that 
adding game elements to such paradigms may eventually render the task ineffective. 
Boendermaker, Prins, and Wiers [13] have recently proposed a model that features 
several different techniques to go about turning a typical CBM task into a serious 
game (see Figure 1). In this paper we will highlight two of these techniques (Step 2 & 
4) and provide examples of some of the games we have developed that fit with these 
steps. 
 

 

Fig. 1. Gamification model. Six gamification steps from evidence-based paradigm (CBM) to  
commercial “off the shelf” (OTS) games. Adapted from “Cognitive Bias Modification for Ado-
lescents with Substance Use Problems – Can Serious Games Help?” by W. J. Boendermaker, P. 
J. M. Prins, and R. W. Wiers, 2015, Journal of Behavior Therapy and Experimental Psychiatry. 
doi:10.1016/j.jbtep.2015.03.008. Copyright 2015 by Elsevier Ltd. Reprinted with permission. 

The first technique (Step 4 in the model) involves adding game elements around the 
original training task, like a shell, while leaving the task itself relatively unchanged. 
This has the obvious benefit of minimizing the chance of rendering the training  
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ineffective, but it also leaves the relatively boring task intact, motivating the user 
primarily by providing points for good task performance (e.g., based on speed and 
accuracy), which can then be spent afterwards in the game environment. A possible 
drawback to this approach is that while potentially motivating as a whole, the fun part 
remains separated from the training task. Such motivators are sometimes called ex-
trinsic and are viewed as inferior to intrinsic motivators. An example of this type of 
serious game training is the CityBuilder game [14], featured in Figure 2. In this game, 
players can train different cognitive aspects, such as working memory and attention. 
The original training task is presented on top of the game, as shown in the right figure 
(task instructions are in Dutch). In doing so they receive points for speed and accura-
cy, which can later be spent buying a variety of objects to build a custom city. The 
game also includes social features, as well as daily achievements. One advantage of 
this game type is that it can incorporate several different training tasks. 

 

 

Fig. 2. Shell game. Game screen on the left; Embedded training task on overlaying the game 
screen on the right. 

Another technique is to make changes to the original training task itself, increasing 
the motivation to train through the use of intrinsic motivators, making it more fun to 
perform the task itself (Step 2 in the model). As some key elements of the paradigm 
may get lost in this process, these games will have to be revalidated. An example of 
this type of serious game training can be seen in Figure 3.  
 

 

Fig. 3. Attentional Bias. Original task on the left; Game version on the right. 

On the left we see a regular Visual Probe Task (originally developed by [15]), used in 
attentional bias modification. In this task, an alcohol-soda pair of pictures appears 
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simultaneously on screen. After 500 ms a small arrow becomes visible on either one 
of the pictures (only the soda during training). The user is instructed to quickly re-
spond to the direction of the arrow (up or down). The bias is measured be comparing 
average reaction times on trials (stimulus-response pairs) where the arrow appears on 
the side of the alcohol picture, compared to when it appears on the side of the soda 
picture. The idea is that if there is an attentional bias towards the alcoholic beverages, 
this will be reflected by slower reaction times. On the right side of Figure 3 is the 
Shots Game [16], where this mechanism is embedded in a slot machine-like game. 
The game features fancy graphics and animations, as well as an elaborate reward 
system with the intention to make the training task itself more motivating. To use the 
machine, i.e., to spin the wheels, participants need to spend a coin. When the wheels 
are done spinning, a small arrow appears on either side, and if the response is correct, 
the player can earn up to 3 new coins, based on the speed of the response. 

 

 

Fig. 4. Response Matching. Original task on the left; Game version on the right. 

Figure 4 shows another example where game elements have been integrated directly 
into the task paradigm. The left image shows a typical Go/Nogo Task [17], where an 
unrelated cue (a letter P or F) appears on the image to indicate whether or not the user 
should press a response key. Interestingly, the content of the pictures is irrelevant to 
the task’s instructions. However, by repeatedly pairing the no-go cue with pictures of 
alcohol, participants can be trained to associate alcohol stimuli with withholding a 
response. On the right is the Ninja Mouse Game on Facebook [18], where the user 
controls a Mouse character running through a tunnel, grabbing pieces of cheese and 
avoiding cats. The cheese and cats are similar to the P and F cues in the original task. 
Both are accompanied by ‘posters’ of alcohol and soda beverages in the tunnel, which 
are irrelevant to the game itself. One notable difference with the original task is that 
the game features a lateral scrolling movement of the pictures, while the original task 
has static pictures. Hence, validation of the adjusted paradigm is necessary. First re-
sults using pilot versions of these games indicate that participants are indeed more 
motivated to use them, compared to the original tasks. Currently ongoing research is 
looking at training effects among heavy drinking students. 
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3 Conclusion and Future Work 

Typically, the measurement of these biases takes about 80 trials, whereas retraining 
can take up 600-2000 trials. As such, one needs significant motivation to sustain a 
certain level of performance on these tasks. While these game versions show promise 
in terms of motivating adolescents to train, it should be noted that this may not be 
enough to get regular, heavy drinking youth to spend the necessary hours on these 
trainings. A basic motivation to change their habits may be indispensable in order to 
actually achieve real behavioral changes. As serious games are inevitably a combina-
tion of some game elements and something serious, their level of fun often lies 
somewhere in between the regular task (boring) and the commercial games they are 
familiar with (mostly fun). As such, if they lack a motivation to change their proble-
matic behavior, then their motivation to train may quickly decline and the training 
may be ineffective. We are currently setting up new research in which we assess both 
types of motivation in order to see the effects they may have on training efficacy. 

Acknowledgements. This research was supported by National Initiative Brain & Cognition 
Grant 433-11-1510 of the Dutch National Science Foundation, awarded to the second and third 
author, as well as a VICI grant (453-08-001), awarded to the third author, both from the Dutch 
National Science Foundation, N.W.O. 

The authors wish to thank Elisabeth Enthoven, Antonios Georgiadis, Sylvia van Schie and 
Ans de Nijs for their invaluable work on the development of these games. 

References 

1. Singleton, R.A.: Collegiate alcohol consumption and academic performance. Journal of 
Studies on Alcohol and Drugs 68(4), 548–555 (2007) 

2. Werch, C.E., Owen, D.M.: Iatrogenic effects of alcohol and drug prevention programs. 
Journal of Studies on Alcohol 63, 581–590 (2002) 

3. Deutsch, R., Strack, F.: Reflective and impulsive determinants of addictive behaviors. In: 
Wiers, R.W., Stacy, A.W. (eds.) Handbook of implicit cognition and addiction, pp. 45–57. 
Sage, Thousand Oaks, CA (2006) 

4. Wiers, R.W., Bartholow, B.D., van den Wildenberg, E., Thush, C., Engels, R.C.M.E., 
Sher, K.J., Grenard, J., Ames, S.L., Stacy, A.W.: Automatic and controlled processes and 
the development of addictive behaviors in adolescents: a review and a model. Pharmacolo-
gy, Biochemistry, and Behavior 86(2), 263–283 (2007). doi:10.1016/j.pbb.2006.09.021 

5. Field, M., Duka, T., Eastwood, B., Child, R., Santarcangelo, M., Gayton, M.: Experimental 
manipulation of attentional biases in heavy drinkers: do the effects generalise? Psycho-
pharmacology 192, 593–608 (2007) 

6. Wiers, R.W., Rinck, M., Dictus, M., Van den Wildenberg, E.: Relatively strong automatic 
appetitive action-tendencies in male carriers of the OPRM1 G-allele. Genes Brain & Be-
havior 8, 101–106 (2009) 

7. Grenard, J.L., Ames, S.L., Wiers, R.W., Thush, C., Sussman, S., Stacy, A.W.: Working 
memory moderates the predictive effects of drug-related associations on substance use. 
Psychology of Addictive Behaviors 22, 426–432 (2008) 



178 W.J. Boendermaker et al. 

8. Houben, K., Wiers, R.W.: Response inhibition moderates the relationship between implicit 
associations and drinking behavior. Alcoholism: Clinical and Experimental Research 33, 
626–633 (2009) 

9. Wiers, R.W., Gladwin, T.E., Hofmann, W., Salemink, E., Ridderinkhof, K.R.: Cognitive 
bias modification and cognitive control training in addiction and related psychopathology: 
Mechanisms, clinical perspectives, and ways forward. Clinical Psychological Science 1(2), 
192–212 (2013). doi:10.1177/2167702612466547 

10. Johnston, L.D., O’malley, P.M., Bachman, J.G., Schulenberg, J.E.: Monitoring the Future: 
National Survey Results on Drug Use, 1975-2012. Volume I: Secondary School Students. 
NIH Publication No. 10-7584. National Institute on Drug Abuse (NIDA) (2012) 

11. Gladwin, T.E., Figner, B., Crone, E.A., Wiers, R.W.: Addiction, adolescence, and the inte-
gration of control and motivation. Developmental Cognitive Neuroscience 1(4), 364–376 
(2011). doi:10.1016/j.dcn.2011.06.008 

12. Field, M., Mogg, K., Mann, B., Bennett, G.A., Bradley, B.P.: Attentional biases in absti-
nent alcoholics and their association with craving. Psychology of Addictive Behaviors 
27(1), 71–80 (2013). doi:10.1037/a0029626 

13. Boendermaker, W.J., Prins, P.J.M., Wiers, R.W.: Cognitive Bias Modification for Adoles-
cents with Substance Use Problems – Can Serious Games Help?. Journal of Behavior 
Therapy and Experimental Psychiatry. doi:10.1016/j.jbtep.2015.03.008 (2015) 

14. Boendermaker, W.J., Prins, P.J.M., Wiers, R.W.: Documentation of the CityBuilder game. 
Theoretical background and parameters. University of Amsterdam, Amsterdam, the Neth-
erlands (2013) 

15. MacLeod, C., Mathews, A., Tata, P.: Attentional bias in emotional disorders. Journal of 
Abnormal Psychology 95, 15–20 (1986) 

16. van Schie, S., Boendermaker, W.J.: Measuring attentional bias towards alcohol in adoles-
cents using motivating game elements. University of Amsterdam, Amsterdam, the Nether-
lands (2014). (Unpublished master’s thesis) 

17. van Deursen, D.S., Salemink, E., Smit, F., Kramer, J., Wiers, R.W.: Web-based cognitive 
bias modification for problem drinkers: protocol of a randomized controlled trial with a 2 
× 2 × 2 factorial design. BMC Public Health 13, 674 (2013) 

18. de Nijs, A., N., S., Boendermaker, W.J.: Using a Facebook game to train alcohol inhibi-
tion. University of Amsterdam, Amsterdam, the Netherlands (2014). (Unpublished mas-
ter’s thesis) 


	Prevention in Addiction: Using Serious Games to (re)train Cognition in Dutch Adolescents
	1 Introduction
	2 Serious Games and Implicit Training
	3 Conclusion and Future Work
	References


