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A B S T R A C T  
 
A small  proportion of video  game players develop uncontrolled gaming  
behavior.  A dysfunctional cognitive control circuit may explain this excessive 
behavior. Therefore, the current study  investigated whether problem gamers are 
characterized by deficits in various aspects of cognitive  control (inhibitory 
control, error processing, attentional control) by measuring brain activation 
using functional magnetic resonance imaging during Go–NoGo and Stroop task 
performance. In  addition, both impulsivity and attentional control were 
measured using self-reports. Participants  comprised 18 problem gamers who 
were compared with 16 matched casual gaming controls. Results  indicate 
significantly increased self- reported impulsivity levels and decreased inhibitory 
control  accompanied by reduced brain activation in the left inferior frontal 
gyrus (IFG) and right inferior  parietal lobe (IPL) in problem gamers relative to 
controls. Significant hypoactivation in the left  IFG in problem gamers was also 
observed during Stroop task performance, but groups did not differ on 
behavioral and self-reported measures of attentional control. No evidence was 
found for reduced  error processing in problem gamers. In conclusion, the 
current study provides evidence for reduced  inhibitory control in problem 
gamers, while attentional control and error processing were mostly  intact. 
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These findings implicate that reduced inhibitory control and elevated 
impulsivity may constitute a neurocognitive weakness in problem gamers. 

1.  INTRODUCTION 
Video gaming has become very popular since the enormous increase in the use 
of computers and the internet. While people can gain various benefits from 
playing online video games (Granic et al., 2014), an estimated three to eight 
percent of gamers in Western countries develop uncontrolled gaming behavior 
(Gentile, 2009; Grant et al., 2010; Van Rooij et al., 2011). Consequently, in the 
past few years an increasing number of problems associated with uncontrolled 
online video game playing have been reported by health-care institutions 
(Wisselink et al., 2013). Similar to substance-dependent individuals, this subset 
of online game players displays excessive and compulsive online gaming behavior 
resulting in psychological, social, and occupational or academic problems (Van 
Rooij et al., 2011; Kuss and Griffiths, 2012). In this group, game-playing behavior 
is continued despite adverse consequences,  a major reason for the inclusion 
of internet  gaming  disorder  in  an  annex of  the  Diagnostic  Statistical 
Manual – Fifth edition (DSM-5) as a potential new disorder, awaiting further 
evidence. This clearly indicates that more research is needed to resolve the 
conceptual confusion concerning  the  definition  and core elements of this proposed 
disorder to stimulate the development of adequate prevention and treatment. 
Cognitive control is one of the key processes involved in the regulation of potentially 
harmful behavior (Ridderinkhof et al., 2004), and it has been described as a 
multifactorial construct in which cognitive operations are posited to allow 
individuals to select appropriate behavior, optimize goal-directed behavior, and adapt 
behavior accordingly (Botvinick et al., 2001; Ridderinkhof et al., 2004). Inhibitory 
control, error processing and attentional control are three widely investigated aspects 
of cognitive control measured by Go–NoGo and classic Stroop tasks (Carter et al., 
2000; Hester et al., 2004; Chambers et al., 2007; van Noordt and Segalowitz, 2012). 
Inhibitory control is mostly involved in the inhibition of automatic and inappropriate 
behavior,  while error processing is involved in  the  monitoring of performance 
errors and ongoing behavior in order to prevent future mistakes. Additionally, 
attentional control facilitates the  processing of  relevant stimuli  and  inhibits  the  
processing  of  less  relevant  stimuli  to 
increase the likelihood that the most appropriate stimuli will guide behavior 
(Franken, 2003). A dysfunctional cognitive control circuit may explain the excessive 
and compulsive gaming behavior of problem gamers such as the inability to control 
the amount of game playing, particularly when excessive gamers are confronted with 
gaming-related cues (Brand et al., 2014). In addition, adequate cognitive control is of 
key importance when habitual and rigid behavioral patterns need to be changed. A 
substantial literature suggests that both substance dependence and behavioral 
addictions, such as pathological gambling, are characterized by reduced cognitive 
control (Lubman et al., 2004; Verdejo-Garcia et al., 2008; Van Holst et al., 2010; 
Luijten et al., 2014). Regarding problematic gaming, previous studies found elevated 
self-reported impulsivity levels (Cao et al., 2007; Park et al., 2010; Littel et al., 2012; 
Ding et al., 2014) and reduced inhibitory control during affectively neutral conditions 
(Cao et al., 2007; Littel et al., 2012; Zhou et al., 2012) or when confronted with 
gaming-related cues (Decker and Ga, y2011; van Holst et al., 2012; Liu et al., 2014). 
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Some studies, however, did not find impairments in behavioral inhibitory control in 
problem gamers (Dong et al., 2010; Ding et al., 2014). Studies investigating 
attentional control are also inconclusive as yet, with some studies showing an 
association between reduced attentional control and problematic gaming or internet 
addiction (Kronenberger et al., 2005; Dong et al., 2013), and other studies failing to 
find reduced attentional control as indicated by Stroop interference scores in problem 
gamers  (Mathews  et  al.,  2005; Bailey et  al.,  2010;  Dong et al., 2012). With 
regard to brain activation related to inhibitory and attentional control in problem 
gamers, most neuroimaging studies suggest less efficient recruitment of prefrontal 
and parietal brain regions as compared with findings in controls (Mathews et al., 
2005; Bailey et al., 2010; Dong et al., 2012; Littel et al., 2012; Brand et al., 2014; 
Ding et al., 2014; Liu et al., 2014). 
Studies investigating error processing in problem gamers are very scarce. To the best 
of our knowledge, one previous study investigated error processing in problem 
gamers. That electroencephalographic (EEG) study used event-related potentials 
(ERPs) to show reduced error processing in problem gamers (Littel et al., 2012). 
In line with these summarized findings, a recent review concluded that while some 
similarities in cognitive  control  functions were identified between problematic 
gaming and substance- dependent individuals, research in this field is yet in an early, 
inconclusive stage (Luijten et al., 2014). Therefore, the aim of the current study was 
to investigate various aspects of cognitive control and associated brain functions in a 
group of problem gamers. More specifically, inhibitory control, error processing and 
attentional control were investigated using a Go–NoGo and a Stroop task while brain 
activation was measured with functional magnetic resonance imaging (fMRI). 
Additionally, self-report measures to investigate related personality traits were 
obtained. The current study further aimed to address the specificity of reduced 
cognitive control for problematic gaming by including as controls participants that 
regularly plays games without losing control over their game playing, and by 
carefully matching these non-problematic gamers with the problematic gamers on 
other potentially addictive behaviors such as smoking and alcohol use. The inclusion 
of a well-matched non-problematic gamers as a control group is important for the 
field as it ensures that potentially observed problems in cognitive control are 
specifically related to problematic gaming behavior. 
Based on previous literature, it was hypothesized that problem gamers would show 
increased self-reported impulsivity levels and reduced self-reported attentional 
control compared with non- problematic gamers. Furthermore, impairments in 
inhibitory control, error processing and attentional control were expected for 
behavioral measures of the Go–NoGo and the Stroop task. Finally, problematic 
gamers, as compared with non-problematic gamers, 
were expected to show reduced brain activation associated with 
cognitive control in the anterior cingulate cortex (ACC), dorsolateral prefrontal 
cortex (DLPFC), and inferior frontal gyrus (IFG) as well as parietal and subcortical 
regions. 
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2.METHODS 

 
2.1.  Participants 
Based on classroom/internet screening 22 male problem gamers and 23 male controls 
were invited to participate  in the  current  study. During the  screening procedure, 
potential participants completed the Videogame Addiction Test (VAT, van Rooij et 
al., 2012). In line with a previous study investigating cognitive performance in 
problem gamers (Littel et al., 2012), a VAT score of 2.5 or higher/1.5 or lower was 
required for problem gamers and controls, respectively. Age between 18 and 30 
years old was an inclusion criterion for both groups. Exclusion criteria were a) 
current or past substance dependence (other than cigarettes), b) current or past 
serious physical or mental illness, c) current use of psychoactive medication, or 
medication that may affect blood circulation and/or respiration, and d) fMRI 
contraindications. To assess these criteria, the following questions were posed to 
participants: Do you use medication? Do you have mental problems, or did you have 
any mental problems in the past? Did your parents, caregivers, friends or any health 
care professional ever express any concerns about your mental well-being? Have you 
been diagnosed with attention deficit hyperactivity disorder? Do you use any drugs 
other than alcohol and nicotine? Following this questioning, participants were also 
excluded in case of any doubts about their mental well-being. 
In line with the aim of the current study to compare problem gamers with casual 
gamers, controls were required to game between 2 and 15 h per week. Immediately 
after scanning, participants completed the VAT again (average number of days in 
between screening and scanning was 31 days (range 4–91). To be included in the 
analyses, participants were required to have again a VAT score of 2.5 or higher/1.5 
or lower. Six controls and four problem gamers no longer met this requirement and 
were therefore excluded from the analyses. By applying this strict inclusion criterion, 
we ensured that the included participants were stable problematic gamers and that the 
controls consisted of game players who did not lose control over their gaming 
behavior. One more control participant was excluded because of a severe brain 
abnormality. The final group consisted of 18 problem gamers and 16 controls. 
Detailed participant characteristics are displayed in Table 1, and details on types of 
games played are presented in Table 2. The study was conducted in accordance with 
the Declaration of Helsinki, and all participants provided written informed consent 
after explanation of study procedures. The ethics committee of Erasmus MC-
University Medical Centre Rotterdam approved the study. 
 

2.2.  Procedures 
Smoking participants were instructed to abstain from smoking for 1 h before the 
experiment to reduce the acute effects of nicotine on cognitive performance without 
introducing significant withdrawal effects on cognitive performance. Smoking status 
was objectively confirmed using a calibrated Microþ Smokerlyzer (Bedfont Scientific 
Ltd., Rochester, UK). After scanning, participants completed a list of several 
questionnaires and received a financial compensation of €25. 
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2.3.  Questionnaires 
 
For the assessment of problem gaming, the 14-item VAT questionnaire was used 
(van Rooij et al., 2012). An example of a VAT item is ‘How often did you try to 
reduce your gaming time without success?’ Optional answers ranged from one to five 
(i.e., ‘never’ to ‘very often’). All items were averaged across the scale, resulting in 
single score representing an index of problematic gaming behavior. The Barratt 30-
item Impulsiveness Scale 11 (BIS-11) was used to measure self-reported impulsivity 
(Patton et al., 1995). Furthermore, the 20-item Attentional Control Scale (ACS) was 
used to measure self-reported attentional control, including attentional shifting, 
focusing, and controlling thought (Koster et al., 2009;  Fajkowska  and  Derryberry, 
2010). Alcohol consumption was measured using the Quantity-Frequency-Variability 
Index (Lemmens et al., 1992). This three-item questionnaire measures quantity, 
frequency, and variability (binge drinking) of alcohol use. 
 

2.4.  Task  paradigms 
 
2.4.1.  Go–NoGo task 
Participants completed the Go/NoGo task in which letters were presented at 1 Hz 
(Nestor et al., 2011; Luijten et al., 2013). Letters were presented for 700 ms followed 
by a 300-ms blank screen. Participants were required to make a button press response 
as fast as possible to each letter (Go trials) and to withhold this response whenever 
the letter was the same as the previous one (NoGo trials). NoGo trials  were  
presented  semi-randomly  by  introducing  jitter  in  the  number  of 
intervening Go trials (mean¼ 7.25, range¼ 3–16). Twelve percent of the trials were 
NoGo trials. The number of Go versus NoGo trials was 817 versus 110, respectively. 
Four 15-s rest periods were included in the task. Behavioral outcome measures for 
this task representing inhibitory control are Go and NoGo accuracy and reaction 
times. The major behavioral outcome measures for this task representing error 
processing are reaction times following correct inhibition versus reaction times 
following incorrect inhibition (i.e., post-error slowing). 

[TABLE 1][TABLE 2] 
 

2.4.2.   Stroop task 
The classic Stroop task was used to measure attentional control. The task consisted 
of blocks of incongruent words (e.g., ‘red’ in blue ink), congruent words (e.g., ‘red’ 
in red ink) and letter strings (e.g., ‘MMMM’ in red ink). Letter string blocks were 
included to increase the number of conditions, which, in combination with a semi-
random block order, reduced multicollinearity between parameter estimates for 
incongruent and congruent words. Every block type was presented six times, 
resulting in a total of 18 blocks. After each six blocks there was a 38-s resting period. 
Each block consisted of 10 words or letter strings. Each trial within a block began 
with a 250-ms fixation cross, followed by 1750 ms of word presentation. Participants 
were asked to indicate the color that the word was presented in by giving a button 
response as rapidly and accurately as possible. 
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2.5.   Data analyses questionnaires and task performance 
 
Between-group comparisons for participant characteristics (including questionnaires) 
were analyzed using independent samples t-tests  for  continuous and Chi-Square 
tests for categorical variables. Repeated Measures Analyses of Variance (RM-
ANOVAs) were applied to analyze behavioral performance outcomes for both tasks. 
Group (problem gamers, controls) was included as a two-level between- subject 
factor in all RM-ANOVAs. For analyses concerning Go–NoGo task performance, 
Inhibition was included as a two-level within-subject  factor  (Go,  NoGo), both for 
accuracy  rates and reaction times. Correctness  (Post-Correct, Post-Error) was 
included as a two-level within-subject factor in the reaction time analyses 
investigating post-error slowing. For the Stroop task, Congruency (Congruent, 
Incongruent) was included as a two-level within-subject factor. 

2.6.   Image acquisition and analyses 
 
Imaging data were collected on a 3T GE Healthcare (The Discoverys MRI 750 3.0T, 
Milwaukee, WI, USA) scanner. Blood oxygen level-dependent (BOLD) sensitive 
functional T2n-weighted images were acquired in 44 axial slices covering the entire 
supratentorial brain, repetition time (TR)¼ 2500 ms, echo time (TE)¼ 30 ms, field of 
view (FOV)¼ 240 mm, and isotropic voxel size of 2.5 mm3. A structural 3D 
inversion recovery fast spoiled gradient echo T1-weighted image was acquired in 
164 contiguous axial slices, TR¼ 7.9 ms, TE¼ 3.1 ms, FOV¼ 240 mm, and isotropic 
voxel size of 1 mm3. Imaging processing using Statistical Parametric Mapping 
(SPM8, Wellcome Trust Centre for Neuroimaging, London, UK) included 
realignment of all functional images. Participant movement did not exceed 3 mm in 
any direction. The anatomical scan was co-registered to the mean T2n-weighted 
image. Segmentation and normalization were performed using the unified segment 
and normalize framework implemented in SPM8 (Ashburner and Friston, 2005) with 
the SPM T1- weighted Montreal Neurological Institue (MNI) template. Voxel size 
was resampled to 2 x 2 x 2 mm3 during normalization. Functional scans were 
spatially smoothed using a 3D 8-mm full-width at half-maximum Gaussian kernel. 
For the Go–NoGo task, the four conditions (NoGo correct, NoGo incorrect, Go 
correct and Go incorrect) were modeled in the context of the general linear model 
using delta functions convolved with a canonical hemodynamic response function. 
Two contrasts, i.e., NoGo correct minus Go correct and NoGo incorrect minus Go 
correct, were defined to represent brain activation associated with inhibitory control 
and error processing, respectively. For the Stroop task, the three task conditions 
(Congruent, Incongruent, Letters) were modeled. The contrast Incongruent minus 
Congruent was defined to represent brain activation associated with attentional 
control. The three contrasts were subsequently used for between-group comparisons 
using independent samples t-tests. Between-group differences are reported at p o 
0.05 corrected for multiple comparisons. Monte Carlo Simulations (1000 
simulations, individual voxel threshold p o 0.001) were performed to determine the 
minimal required cluster size within pre-defined regions of interest to achieve the 
family-wise error corrected p Value of 
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p o 0.05). Given their important role in inhibitory control, error processing and 
attentional control (Cabeza and Nyberg, 2000; Hester et al., 2004; Garavan et al., 
2006; Chambers et al., 2009), the bilateral ACC, DLPFC, IFG, inferior and superior 
parietal gyrus (IPG/SPG), insula, putamen and caudate were selected as regions of 
interest (ROIs). ROIs were defined using the automatic anatomical labeling (AAL) 
atlas (Tzourio-Mazoyer et al., 2002). To investigate brain-behavioral associations, 
activation estimates (β weights) within brain regions showing group differences 
were extracted using Marsbar (Brett et al., 2002) and correlated with the main 
behavioral indices, i.e., NoGo task accuracy for inhibitory control, post-error slowing 
for error processing, and Stroop task accuracy and reaction time difference scores 
(Incongruent minus Congruent) for attentional control. Extracted brain-activation 
estimates were also correlated with VAT scores and hours of gaming per week at day 
of testing within the problem  gaming  group  to  assess  whether  the  observed 
deviant brain activation was associated with characteristics of their excessive 
gaming behavior.  

3.  RESULTS 

3.1.  Self-reported  data 
 
See Table 1 for mean scores and standard deviations for questionnaire data per 
group. Problem gamers scored significantly higher t(32)¼ 2.08, po0.05  on  self-
reported  impulsivity.  No  significant group differences were found for self-reported 
attentional control. 
 

3.2.  Task performance 
 
Behavioral data of one problem gamer were not recorded pro- perly for the Go–
NoGo task; therefore, this participant could not be included in task performance and 
imaging analyses results resulting from the Go–NoGo task. Means and standard 
deviations for all behavioral task performance measures are summarized per group in 
Table 3. 
 

3.2.1.  Inhibitory control 
The RM-ANOVA for task accuracy showed a robust main effect of Inhibition, 
F(1,31)¼ 325.99, po0.001, showing that participants were less accurate on NoGo 
trials compared with Go trials. In addition, both the Group main effect, showing 
reduced accuracy in problem gamers, F(1,31)¼ 4,91, po0.05, and the  Group x 
Inhibition  interaction, F(1,31)¼ 4,27, po0.05, were significant. Post-hoc tests 
revealed that problem gamers were less accurate for NoGo trials, po0.05, compared 
with non-problematic gamers, while no Group effect was found for Go trials. The 
RM-ANOVA of reaction times showed a main effect of Inhibition F(1,31)¼ 66.92, 
po0.001. Go reaction times were longer than incorrect NoGo reaction times. For 
reaction times, no main or interaction effects were found for Group. 
 

3.2.2.  Error processing 
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The RM-ANOVA for post-NoGo correct and post-NoGo error reaction times showed 
a main effect of Correctness, F(1,31)¼ 49.64, po0.001, and Group, F(1,31)¼ 5.03, 
po0.05. The Group x Correct- ness interaction was not significant. The main effect of 
Correctness involved longer response times for trials following erroneous responses 
compared with trials following a correct response, suggesting that across groups 
participants showed post-error slowing. The main 
effect  of  Group  showed  that  problem  gamers  have  overall  shorter  response  
times,  both  for  trials  following  correct  and  incorrect NoGo trials. 
 

3.2.3.   Attentional control 
Both reaction times and accuracy scores related to Stroop task performance showed a 
main effect for Congruency, F(1,32)¼ 74.47, p o 0.001 and F(1,32)¼ 19.36, p o 
0.001, respectively. Mean  reaction times indicated that reaction times for 
incongruent trails were longer than for congruent trials, while mean accuracy scores 
were lower for incongruent than for congruent trials. No main or interaction effect of 
Group was found for Stroop task performance. 
 

3.3.  Imaging results 
 

3.3.1.  Inhibitory control 
Between-group comparisons showed reduced brain activation in problem gamers 
compared with non-problematic gamers in the left IFG and in the right inferior 
parietal lobe (IPL) (see Fig. 1 and Table 4 for x, y, z coordinates, Z-values and cluster 
sizes). Brain activation in the right IPL (x ¼ 46, y ¼- 58, z ¼ 34) was positively 
associated with NoGo accuracy, ρ¼ 0.40, p o 0.05, suggesting that reduced brain 
activation in this region in may be associated with the observed reduced NoGo 
accuracy in problem gamers. Activation estimates in the regions showing group 
differences were not associated with VAT scores or hours of gaming per week in the 
problematic gaming group. 

[FIGURE 1][TABLE 3][TABLE 4][TABLE 5] 
 

3.3.2.   Error processing 
No differences between problem and non-problematic gamers were identified for 
brain activation associated with error processing. 
 

3.3.3.   Attentional control 
Problem gamers showed decreased brain activation associated with attentional 
control on the Stroop task in the left IFG (see Fig. 1 and Table 5 for x, y, z 
coordinates, Z-values and cluster size). The association between brain activation in 
the IFG and reaction times and accuracy scores reflecting attentional control was not 
significant. Activation in the left IFG was not associated with VAT scores, but it 
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showed a negative association with hours of gaming per week in the problematic 
gaming group, ρ¼- 0.55, p o 0.05. 
 
4.  Discussion 
 
The current  study  investigated  whether problem gamers  are characterized by 
deficits in various aspects of cognitive control by measuring self-reported personality 
traits and brain activation during Go–NoGo and Stroop task performance. Increased 
self- reported impulsivity levels and decreased inhibitory control accompanied by 
reduced brain activation in the left IFG and right IPL were  found in problem gamers 
relative to non-problematic gamers. Hypoactivation in the left IFG in problem 
gamers was also observed during Stroop task performance, but neither behavioral nor 
self-reported indices of attentional control were found to be impaired in problem 
gamers. No evidence was found for reduced error processing in problem gamers. 
Our findings of increased self-reported impulsivity and reduced inhibitory control 
(i.e., lower NoGo accuracy) support findings of previous studies showing elevated  
impulsivity (Park et al., 2010; Ding et al., 2014) and reduced inhibitory control in 
problem gamers (Cao et al., 2007; Littel et al., 2012). Interestingly, some previous 
studies only found reduced inhibitory control when gaming cues were presented and 
not during neutral conditions (Decker and Ga, y2011; van Holst et al., 2012; Liu et 
al., 2014). These findings, together with the observation that overall NoGo accuracy 
rates in our study and in that of Littel et al. are lower compared with other studies, 
suggests that inhibitory control in problem gamers may only be compromised in 
cognitively challenging situations. Finally, the strict inclusion criteria and the large 
number of gaming hours per week (35 on average) suggest that the problem gamers 
in the current study represent a quite severe group, which in itself may be associated 
with more severe inhibition problems. The observed reduced inhibitory control in 
problem gamers in the current study may be due to hypoactivation in the left IFG and 
right IPL, a conjecture that is supported by a positive correlation between NoGo 
accuracy and brain activation in the right IPL. In line with the cur- rent findings, 
reduced cortical thickness has been found in problem gamers in both the IFG and 
right IPL (Yuan et al., 2013; Lin et al., 
2014). The IFG is a region critically involved in implementing the 
inhibitory brake (Chambers et al., 2006), and it has previously been found to be 
hypoactive in problem gamers when inhibitory control is required (Ding et al., 2014). 
Interestingly, left IFG activation was also reduced in problem gamers during Stroop 
task performance, suggesting that reduced left IFG activation may be a characteristic 
of problem gamers across multiple facets of cognitive control. How- ever, Stroop 
task performance and self-reported attentional control were not impaired in problem 
gamers. It may be that reduced left IFG activation associated with attentional control 
represents subtle inhibition problems during Stroop task performance, not strong 
enough to hamper the behavioral expression of attentional control. Previous studies 
investigating attentional control in problem gamers by means of the Stroop task also 
report mixed findings. While some studies showed an association between excessive 
gaming or internet addiction  and  Stroop  interference  scores  (Kronenberger et al., 
2005; Dong et al., 2013), three other studies did not identify behavioral deficits 
during Stroop performance (Mathews et  al., 2005; Bailey et al., 2010; Dong et al., 
2012). Additionally, differences in brain activation between problem gamers and 
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controls were previously found both in the direction of reduced ( Mathews et al., 
2005; Bailey et al., 2010) and increased (Dong et al., 2012) prefrontal activation. 
Altogether, findings regarding attentional control in problem gamers seem 
inconclusive. These very mixed results might suggest that attentional control 
capacities in problem gamers are intact. However, the mixed results might also be the 
result of relatively low sample sizes in most studies involving problem gamers, 
including the present study. These results should be interpreted cautiously until 
future studies with larger sample sizes can be carried out. 
With regard to error processing, the current study did not find evidence for reduced 
error processing in problem gamers as was previously reported (Littel et al., 2012). 
This discrepancy may reflect difference in imaging techniques, as the study by Littel 
and colleagues used ERPs with a high temporal resolution, while brain activation in 
the current study was measured using fMRI. It is possible that the error-related 
negativity (ERN), which is an ERP component arising 25–100 ms after performance 
errors, is a more sensitive measure to investigate error-related brain activation 
compared with brain activation associated with incorrect NoGo responses measured 
with fMRI. An alternative explanation may be the difference in the control group 
between the two studies. The control group of the current study involves a group of 
regular gamers who on average play video games 3.3 days per week for 
7.4 h per week, while the control group in the study by Littel et al. rarely played 
video games. It is therefore possible that the reduced error processing in problem 
gamers by Littel et al. is not specific for those who excessively play video games, but 
for video game players in general. Future studies should further investigate error 
processing in a population with various levels of gaming behavior to resolve these 
discrepant findings. 
Although problems with cognitive control in problem gamers were only found for 
inhibitory control specifically, this reduced capacity to inhibit automatic, 
inappropriate responses may inter- 
act with several other neurocognitive processes that may con- tribute to problematic 
gaming behavior. A recent model (Brand et al., 2014) on the development and 
maintenance of generalized and specific (e.g., gaming related) internet addiction 
suggests that reduced cognitive control interacts with reactivity to gaming- related 
cues that may evoke craving in gamers (Ko et al., 2009, 2013). In  addition,  altered 
reward sensitivity (Dong et al., 2011) and decision-making problems (Yao et al., 
2014) may interact with reduced inhibitory control, leading to loss of control over 
gaming related behaviors. 
Besides  the  need  for  increased power  in  future  studies, a  few methodological 
issues deserve special attention. First, the results of the current, as well as previous 
studies, raise the important question as to whether any deficits in cognitive control in 
problem gamers are specific for problem gaming or merely represent trait impulsivity 
in general.  Elevated  impulsivity  and  reduced  inhibitory  control  have been 
repeatedly found in various types of substance abuse as well as in pathological 
gamblers (van Holst et al., 2010). These similarities suggest  that  impaired  
inhibitory  control  may  arise  from  shared personality characteristics such as 
impulsivity. Although the current cross-sectional design does not allow conclusions 
on causality, the fact that video gaming does not involve the ingestion of substances 
of abuse supports the idea that shared personality traits may explain problems with 
cognitive control in addiction. Nevertheless, the option that any prolonged excessive 
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and compulsive behavior may change neural  circuits  cannot  be  excluded.  
Longitudinal  studies  including both substance-dependent individuals and 
individuals with problematic gaming behavior would be very valuable in resolving 
this issue. Second, there is currently no standard diagnostic tool available to diagnose 
and identify problem gamers (Ferguson et al., 2011). We therefore adopted the 
strategy to only include participants in analyses who consistently scored within the 
pre-defined inclusion criteria (i.e., both during screening and testing). While this 
strategy increased the reliability of selecting stable problem gamers, it also revealed 
that a relatively large number of problem gamers (i.e., four out of 22) were no longer 
identified as problematic gamers during actual measurements, which raises questions 
about the stability of problem gaming behavior. The development of a standard 
diagnostic tool would be very valuable for the field so that study inclusion would no 
longer be based  on  self-report  measures.  Meanwhile  studies  should  report 
various aspects of gaming behavior (gaming hours per week, types 
of games) to increase comparability of findings. 
In conclusion, results of the current study suggest that problem gamers may be 
characterized by reduced inhibitory control, probably as a consequence of reduced 
brain activation in the left IFG and right IPL. Given that similar findings have been 
observed in substance- dependent individuals, these findings suggest that problematic 
video gaming shares some characteristics in its  underlying  mechanisms with 
substance dependence. Problem gamers also showed reduced IFG activation during 
Stroop task performance, although both behavioral and self-reported measures of 
attentional control did not differ between problem and non-problematic gamers. In 
addition, no evidence was found for impairments in error processing. Importantly, 
participants in the control group of this study consisted of well- matched non-
problematic gamers so that the observation of elevated self-reported impulsivity, 
reduced inhibitory control and reduced brain activation in the left IFG and right IPL 
is likely to be specific for problematic gaming behavior. 
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Fig. 1. Reduced brain activation in problem gamers relative to non-problematic 
gamers. Top part A shows reduced brain activation in problem gamers relative to 
non-problematic gamers for inhibitory control on the Go–NoGo task. The lower part 
B shows reduced brain activation in problem gamers relative non-problematic 
gamers for attentional control in the Stroop task. 
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