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ABSTRACT

Excessive computer gaming has recently been proposed as a possible pathological illness. However, research on this
topic is still in its infancy and underlying neurobiological mechanisms have not yet been identified. The determination
of underlying mechanisms of excessive gaming might be useful for the identification of those at risk, a better under-
standing of the behavior and the development of interventions. Excessive gaming has been often compared with
pathological gambling and substance use disorder. Both disorders are characterized by high levels of impulsivity, which
incorporates deficits in error processing and response inhibition. The present study aimed to investigate error process-
ing and response inhibition in excessive gamers and controls using a Go/NoGo paradigm combined with event-related
potential recordings. Results indicated that excessive gamers show reduced error-related negativity amplitudes in
response to incorrect trials relative to correct trials, implying poor error processing in this population. Furthermore,
excessive gamers display higher levels of self-reported impulsivity as well as more impulsive responding as reflected by
less behavioral inhibition on the Go/NoGo task. The present study indicates that excessive gaming partly parallels
impulse control and substance use disorders regarding impulsivity measured on the self-reported, behavioral and
electrophysiological level. Although the present study does not allow drawing firm conclusions on causality, it might be
that trait impulsivity, poor error processing and diminished behavioral response inhibition underlie the excessive
gaming patterns observed in certain individuals. They might be less sensitive to negative consequences of gaming and
therefore continue their behavior despite adverse consequences.
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INTRODUCTION

Excessive computer game playing

With our increasing use of computers and the Internet,
the concept of computer game addiction has recently been
proposed as a possible new pathological illness (Block
2008). Within the past 10 years, both the media and
health-care have reported possible problems that can go
with excessive computer game playing (Meerkerk et al.
2009; Desai et al. 2010; Van Rooij et al. 2010a). In addi-
tion, a growing body of research suggests that excessive
game playing is associated with negative outcomes, such

as obesity, sleep abnormalities, job loss, decreased aca-
demic achievement, stress, lower psychosocial wellbeing,
depression and anxiety (for reviews, see Sublette & Mullan
2010; Weinstein & Lejoyeux 2010; Kuss & Griffiths 2012).
While the majority of computer game players experience
little to no disruption of their psychosocial functioning
(King, Delfabbro & Griffiths 2010), a subset of individuals
even develops behaviors characteristic of substance
dependence, including craving, mood modification, with-
drawal, tolerance, preoccupation, conflict, loss of control
and relapse (e.g.Tejeiro Salguero & Morán 2002; Charlton
& Danforth 2007; Griffiths & Meredith 2009).
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Researchers have frequently made the comparison
between excessive computer game playing and pathologi-
cal gambling, which is considered a behavioral addiction
(Van Holst et al. 2010) and is proposed to be listed under
‘substance use and addictive disorders’ in the upcoming
Diagnostic and Statistical Manual of Mental Disorders,
Fifth edition (DSM-V; American Psychiatric Association
2010b). Excessive computer game playing, another puta-
tive addictive behavior (Grant et al. 2010), is not recog-
nized as a psychiatric disorder in the DSM (American
Psychiatric Association 1994). The American Psychiatric
Association considered it for inclusion in the DSM-V but
decided that there is not sufficient research at the moment
warranting such measures (American Psychiatric Asso-
ciation 2010a).

Although still scarce and fragmented, scientific
research in the field of computer gaming is emerging.
Recently, researchers have begun to investigate the cogni-
tive, neurobiological and neuropsychological processes
underlying excessive computer gaming. Identifying the
underlying mechanisms of excessive gaming is important
for a better understanding of the behavior and might be
useful for the identification of those at risk for excess and
the development of specifically tailored interventions.
Furthermore, it will contribute to the ongoing discussion
on comparability with other (behavioral) addictive disor-
ders (Van Holst et al. 2012). It must be noted that a great
proportion of research focuses on excessive Internet use in
general, which mainly includes online gaming (Van Rooij
et al. 2010a) among other online activities. Because of the
overlap between studied populations, we will also refer to
studies that investigate excessive Internet use in general.

Up until now, several interesting results have been
obtained. For example, it has been shown that excessive
Internet users show abnormal resting state glucose
metabolism in brain regions implicated in reward process-
ing, craving and impulsivity (striatum, insula and orbito-
frontal cortex; Park et al. 2010), reduced gray matter
density in regions associated with craving and perform-
ance monitoring (insula and anterior cingulate cortex;
Zhou et al. 2009) and increased activity in response
to game-related cues in areas associated with craving,
reward processing and decision making as measured with
functional magnetic resonance imaging (fMRI) (dorso-
lateral prefrontal cortex, anterior cingulate cortex, pre-
cuneus and parahippocampus; Ko et al. 2011). In addi-
tion, it has been demonstrated that excessive gamers
and excessive Internet users exhibit reduced levels of
dopamine D2 receptor availability in parts of the striatum
(Kim et al. 2011) as well as increased frequency of the
DRD2 Taq1A1 allele (Han et al. 2007). Both abnormali-
ties have been associated with decreased reward sen-
sitivity and high susceptibility to impulsive, addictive
and compulsive behaviors (Blum et al. 2000). Similar

abnormalities in brain activity and both a higher preva-
lence of the Taq1A1 allele and hypodopaminergic activity
have been consistently observed in substance use and
pathological gambling (Blum et al. 1990; Comings et al.
1996; Goldstein et al. 2007; Volkow et al. 2009).

To summarize, there exist some preliminary indica-
tions that excessive computer gamers show alterations in
brain structure and function implicated in impulsivity as
well as heightened biological susceptibility to impulsive
behaviors. Therefore, impulsivity might be considered as
a plausible underlying mechanism of excessive gaming
behavior. The present study aims to further investigate
the role of impulsivity in excessive gaming.

Impulsivity

Impulsivity has been defined as behavior without
adequate thought, although many other definitions exist
(Moeller et al. 2001; Dom et al. 2007; Verdejo-García,
Lawrence & Clark 2008). Impulsivity is considered to be a
complex multidimensional concept that incorporates per-
sonality, behavioral and biological components. These
various underlying dimensions of impulsivity are assessed
with, respectively, self-report measures (e.g. impulsivity
questionnaires), behavioral measures [e.g. accuracy and
reaction time (RT) tasks] and imaging techniques (e.g.
electroencephalography and fMRI).

With regard to the behavioral dimension, impulsivity
is used to describe maladaptive behaviors including defi-
cits in response inhibition, i.e. the ability to adaptively
suppress behavior when environmental contingencies
demand this (Groman, James & Jentsch 2009), and defi-
cits in error processing, i.e. the ability to monitor ongoing
performance in order to detect and correct errors (Rid-
derinkhof et al. 2004). It is proposed that in impulsive
behaviors such as drug use, diminished response inhibi-
tion and poor error processing contribute to difficulties to
resist the consumption of a substance (Dawe, Gullo &
Loxton 2004) and the continuation of the behavior
despite negative consequences (Lubman, Yücel & Pantelis
2004).

With regard to the biological dimension of impulsivity,
research has focused on brain reactivity accompanying
maladaptive behaviors such as compromised error
processing and response inhibition. A frequently used
index for measuring these processes is the measurement
of event-related potentials (ERPs). There are two compo-
nents of the ERP that have been associated with error
processing, i.e. the error-related negativity (ERN) and the
error positivity (Pe). The ERN is a negative peak that
arises approximately 50–80 milliseconds after making
incorrect behavioral responses and is assumed to reflect
fast and automatic initial error detection (Falkenstein
et al. 1991; Bernstein, Scheffers & Coles 1995). The ERN
is maximal at fronto-central sites and is thought to be
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generated in the anterior cingulate cortex (Holroyd &
Coles 2002; Miltner et al. 2003; Ridderinkhof et al.
2004). The ERN is usually followed by the Pe, which is
thought to reflect the conscious recognition of and reflec-
tion on the error (Nieuwenhuis et al. 2001; Overbeek,
Nieuwenhuis & Ridderinkhof 2005) or the motivational
significance attributed to the error (Falkenstein et al.
2000; Overbeek et al. 2005; Ridderinkhof, Ramautar &
Wijnen 2009). The Pe is maximal at midline parieto-
central sites and emerges approximately 300 millisec-
onds after the incorrect response (Falkenstein et al.
2000). It has been observed that during speeded response
tasks, substance-dependent patients respond to errors
with reduced ERN and/or Pe amplitudes (Franken et al.
2007; Sokhadze et al. 2008).

Response inhibition is often measured with Go/NoGo
tasks, in which participants have to respond as quickly as
possible to frequently occurring ‘Go’ stimuli but to inhibit
responses to infrequent ‘NoGo’ stimuli. Two major ERP
components have been found to differentiate between
these two types of stimuli. The first is the NoGo N2,
a frontally distributed negative waveform emerging
approximately 200–300 milliseconds after stimulus
onset. The second is the NoGo P3, which is a fronto-
centrally distributed positive waveform arising 300–500
milliseconds after stimulus onset (Falkenstein, Hoormann
& Hohnsbein 1999). Both components are typically larger
in response to NoGo trials than Go trials. They are thought
to be generated by a distributed network involving the
prefrontal areas, the anterior cingulate cortex, the motor
areas and the parietal regions (Kamarajan et al. 2005).
Although the exact functions of the NoGo N2 and NoGo
P3 are still debated, it is proposed that the N2 reflects an
inhibition mechanism active on NoGo trials, whereas the
P3 presumably reflects the reset or closure of a preceding
inhibition process (Falkenstein et al. 1999). Both compo-
nents have been found to be decreased in impulsive popu-
lations, such as attention deficit/hyperactivity disorder
(ADHD) patients and impulsive violent offenders (e.g.
Johnstone et al. 2009), and mounting evidence suggests
these components to be decreased in substance-dependent
patients as well (e.g. Fallgatter et al. 1998; Kamarajan
et al. 2005; Evans et al. 2009; Luijten, Littel & Franken
2011a). It must be noted that, in contrast to the com-
monly reported effects on the NoGo N2, the effects on
the NoGo P3 are not always observed.

Impulsivity in excessive computer game players

Recent studies using self-report measures have found
impulsivity to be positively correlated with excessive com-
puter game playing and excessive Internet use in general
(e.g. Cao et al. 2007; Meerkerk et al. 2010). Studies inves-
tigating behavioral response inhibition/error processing

in excessive gamers have obtained mixed results. Decker
& Gay (2011) reported diminished response inhibition in
excessive gamers compared with controls. Van Holst et al.
(2012) also observed more errors on response inhibition
in problematic gamers but only when game cues were
presented. Sun et al. (2009), on the other hand, observed
enhanced response inhibition in excessive gamers relative
to controls.

No studies have investigated the electrophysiological
correlates of error processing and response inhibition in
excessive computer gaming. However, two recent ERP
studies have sought to investigate response inhibition in
pathological Internet use in general (Dong et al. 2010;
Zhou et al. 2010). Both studies utilized a Go/NoGo task
and measured behavioral performance as well as electro-
physiological responding to NoGo stimuli. In the study
by Dong et al. (2010), it was shown that in response to
NoGo trials, excessive Internet users displayed reduced
NoGo N2 amplitudes as compared with controls, indi-
cating reduced response inhibition in this population.
However, excessive Internet users and controls did not
differ from each other with regard to behavioral perform-
ance. In addition, excessive Internet users responded
to NoGo trials with increased P3 amplitudes. These P3
increases are explained by enhanced allocation of cogni-
tive resources to the task in order to successfully inhibit
responses (and obtain a similar behavioral performance
as the control group). NoGo P3 increases might reflect
some sort of compensation for reduced NoGo N2 ampli-
tudes. In the study by Zhou et al. (2010), only the NoGo
N2 was investigated. This component was also found to
be reduced in excessive Internet users relative to con-
trols. In addition, differences were found with regard to
behavioral performance. Excessive Internet users showed
higher false alarm rates (button presses in response to
NoGo trials) than controls, again indicating deficient
inhibitory control in this population.

The present study

In the present study, both error processing and response
inhibition were investigated in excessive computer
gamers as identified with the Videogame Addiction Test
(VAT; Van Rooij et al., unpublished) and control partici-
pants using a Go/NoGo task. ERPs were measured in
response to Go trials and NoGo trials, as well as in
response to hits (correct responses) and false alarms
(errors). As excessive computer gamers have been found
to exhibit higher levels of impulsivity and as both
error processing and response inhibition have been found
to be comprised in impulsive populations, we hypothesize
excessive gamers to show reduced NoGo N2 amplitudes
in response to NoGo trials and reduced ERN and Pe
amplitudes in response to errors. Because of inconsisten-
cies in results of previous studies, no specific hypotheses
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are formulated with regard to behavioral indices of
response inhibition. Furthermore, no specific predic-
tions are made for the NoGo P3 amplitude, as this
component has been observed to be enhanced, reduced
and absent in previous studies among impulsive
populations.

METHODS

Instruments

For inclusion and exclusion of participants, the VAT
was used, with its phrasing slightly adjusted to fit
young adult life. This questionnaire is adapted from the
adolescent version of the Compulsive Internet Use Scale
(CIUS) (Meerkerk et al. 2009) with items rephrased into
the 14 proposed items for the VAT. The VAT was vali-
dated using a sample of adolescents and shows excellent
psychometric: the scale demonstrated a high reliability
(Cronbach’s a = 0.93) and good construct validity, com-
parable to the CIUS parent scale (Van Rooij 2011; Van
Rooij et al. unpublished). VAT scale items are averaged
across the scale, resulting in an answer range from one
to five providing a general index of problematic gaming.
Items include the following: ‘How often do you find it
difficult to stop gaming’ and ‘How often do you think
about gaming, even when you’re not online?’ and
answer options range from ‘never’ to ‘very often’ on a
five-point scale.

In order to measure impulsivity, a Dutch translation of
The Eysenck Impulsiveness Questionnaire (I7; Eysenck
et al. 1985; Lijffijt, Caci & Kenemans 2005a) was used.
The I7 consists of 54 items assessing Impulsivity, Venture-
someness and Empathy. Cronbach’s alpha coefficients
range from 0.54 to 0.84 for the subscale ‘Impulsiveness’
(Luengo, Carrillo-De-La-Peña & Otero, 1991), which was
of primary interest for the present study.

Because heightened impulsivity is also associated with
substance use, alcohol consumption and drug use were
additionally assessed. Quantity and frequency of alcohol
consumption were measured utilizing the Quantity-
Frequency-Variability (QFV) Index (Lemmens, Tan &
Knibbe 1992; Meerkerk et al. 1999). In this question-
naire, three items are employed in order to determine the
drinking quantity (number of glasses), frequency (drink-
ing days) and variability (binge drinking) during the last
6 months. Smoking and drug use were assessed by means
of a short questionnaire on substance use. This question-
naire consisted of simple questions about whether par-
ticipants had used various substances or not. Apart
from smoking, listed substances were cannabis, cocaine,
amphetamine, ecstasy, hallucinogens (mushrooms) and
opiates. Answers to the smoking question as well as
the overall measure of drug use, i.e. number of illicit

substances ever used, were considered as the variables of
interest.

Participants

Fifty-two students participated in the present study. They
were recruited at the Erasmus University Rotterdam and
Albeda College Rotterdam and were selected for screening
if they considered themselves to be frequent World of
Warcraft players or non-gamers/very casual gamers (no
game specified). They were selected for participation if
they scored > 2.5 (excessive gamers) or < 1.5 (controls)
on the VAT. While no reliable cut-off scores exist yet for
the VAT or CIUS, exploratory analyses suggest that the
average VAT scores for problematic ‘addicted’ gamers (as
identified in Van Rooij et al. 2010b) center around 3.0
[95% confidence interval (CI) 2.7–3.3, standard devia-
tion (SD) = 1.0, n = 46, N = 1352], while the scores for
the largest, non-problematic group center around 1.64
(95% CI 1.6–1.7, SD = 0.60, n = 679, N = 1352; Van
Rooij et al. 2010b; Van Rooij et al., unpublished). Given
this information and the aim to distinguish a non-
problematic and a problematic group for comparison, we
opted to divide our sample conservatively in a group
scoring < 1.5 and > 2.5 on the VAT.

Excessive gamers (N = 25; 23 males) had a mean age
of 20.52 (SD = 2.95). They had a mean VAT score of 3.05
(SD = 0.42) and played on average 5.05 days per week
(SD = 1.80) and 4.67 hours per day (SD = 2.29). Control
participants (N = 27, 10 males) had a mean age of 21.42
(SD = 2.59), a mean VAT score of 1.09 (SD = 0.16) and
played on average 0.28 days/week (SD = 0.58) and 0.47
hours/day (SD = 1.20). Groups did not significantly differ
in age, t(50) = 1.16, P > 0.05. However, the gender dif-
ference was significant, c2(1) = 16.91, P < 0.001, with
the excessive gamer group consisting of more males and
less females than the control group. Excessive gamers and
controls did not differ with regard to smoking behavior,
c2(1) = 0.38, P > 0.05, illicit drug use, t(50) = 0.60,
P > 0.05, and alcohol use; frequency, t(50) = 0.44,
P > 0.05, quantity, t(49) = 0.16, P > 0.05, and variabil-
ity, t(49) = 1.29, P > 0.05. All participants received
either course credit or financial compensation for partici-
pation. The study was conducted in accordance with the
Declaration of Helsinki and all procedures were carried
out with the adequate understanding and written
informed consent of the subjects. The study protocol was
approved by the ethics committee of the Institute of Psy-
chology of the Erasmus University Rotterdam.

Task paradigm

Participants were presented with a Go/NoGo paradigm,
consisting of four blocks of 159 letters (636 in total) that
appeared one by one on the screen (e.g. A B C D). In total,
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74 letters (11.6%) were repetitions of the previously pre-
sented letter (e.g. A B C C). Participants had to press a
button with the right index finger for all letters (Go trials)
but withhold their response for repeated letters (NoGo
trials). Letters were presented for 700 milliseconds, each
preceded by a fixation cross, which was displayed for 300
milliseconds. NoGo trials were presented unpredictably
by introducing jitter in the number of intermitted Go
trials. NoGo trials were never presented in succession.
Between blocks, participants received breaks of 60
seconds.

Procedure

After providing informed consent, participants filled out
questionnaires on demographics, play time, drug use,
alcohol consumption and impulsivity. Then electrodes
were attached and a gambling task was performed. After
this task, the Go/NoGo task was explained. Participants
were instructed to sit still and remain quiet. It was told
that making errors was inevitable, but that it was impor-
tant to maintain accuracy throughout the task. First,
participants were given the opportunity to practice in 30
trials. Then the actual task was started. All participants
were tested alone in a sound and light attenuated room.
E-prime® software (Psychology Software Tools, Pitts-
burgh, PA, USA) was used for letter presentation.

ERP recording and data reduction

The electroencephalogram (EEG) was recorded using a
digital Active-Two system (BioSemi, Amsterdam, the
Netherlands), with active Ag/AgCl electrodes at 36 scalp
sites according to the International 10/10 system (Dien &
Santuzzi 2005; 32 standard channels mounted in an
elastic cap and two mastoid locations, which were
used for off-line re-referencing). The vertical electro-
oculogram (EOG) was recorded with two active Ag/AgCl
electrodes located above and underneath the left eye. The
horizontal EOG was recorded with two Ag/AgCl elec-
trodes located at the outer canthus of each eye. An addi-
tional active electrode (common mode sense) and a
passive electrode (driven right leg) were used to comprise
a feedback loop for amplifier reference. All signals were
digitized with a sampling rate of 512 Hz, a 24-bit A/D
conversion and a low pass filter of 134 Hz. Offline data
were processed with BrainVision Analyzer 2 (Brain Prod-
ucts GmbH, Munich, Germany).

EEG signals were referenced to the mathematically
linked mastoids and EEG and EOG were phase-shift-free
filtered using a 0.1–35 Hz (24 dB/octave roll off) band-
pass filter. EEG and EOG recordings were segmented in
1000-millisecond epochs, including 200 milliseconds
pre-response or pre-stimulus baseline. For correction of
vertical and horizontal eye movements and eye blinks,

Gratton and Coles algorithm (Gratton, Coles & Donchin
1983) was applied. All ERPs were baseline corrected.
Artifact rejection criteria were minimum and maximum
baseline to peak -75 to +75 mV, and a maximum allowed
voltage skip (gradient) of 50 mV for each sample point.
Epochs were averaged across trials.

For response inhibition, overall grand averages were
obtained from the correct Go and NoGo trials (segments
with incorrect responses, i.e. miss for Go and false alarm
for NoGo, were excluded). The number of artifact-free
epochs was 594.00 (SD = 85.34) for Go trials and 38.46
(SD = 11.01) for NoGo trials. Two participants (one
gamer and one non-gamer) were excluded from Go/NoGo
ERP analyses because of less than 10 artifact-free epochs
in the NoGo condition. These participants were included
in all remaining data analyses, including ERP analyses of
error processing. For error processing, overall grand aver-
ages were obtained from correct and incorrect button
presses. The number of artifact-free epochs was 469.81
(SD = 95.30) for correct trials and 26.46 (SD = 11.09)
for incorrect trials.

Statistical analysis

Visual inspection of resulting stimulus-locked ERPs (Go/
NoGo) led to the identification of a clear NoGo N2 in the
220- to 320-millisecoind time frame, as well as a clear
NoGo P3 in the 320- to 500-millisecond time frame (see
Fig. 1). Response-locked ERPs (correct response/error)
revealed a clear ERN in the 0- to 75-millisecond time
frame and a Pe in the 200- to 400-ms time frame (see
Fig. 2). Because both the NoGo N2 and the ERN have
been found to be maximal at midline fronto-central sites
in previous studies (Falkenstein et al. 1999; Miltner et al.
2003), both of these components were studied at elec-
trodes Fz, FCz, Cz and CPz. Because both the NoGo P3 and
the Pe have been found to be most pronounced at midline
centro-parietal sites in previous studies (Falkenstein et al.
1999; Nieuwenhuis et al. 2001; Overbeek et al. 2005),
these components were studied at electrodes FCz, Cz, CPz
and Pz. However, because the current source density
maps for response inhibition indicate additional activa-
tion of parietal brain regions in response to NoGo trials in
both groups (see Fig. 3) and because these deviant brain
activations to NoGo stimuli have been observed in fMRI
studies in substance-dependent patients before (e.g. Yücel
& Lubman 2007), the NoGo N2 was additionally and
exploratively investigated at electrode sites PO3, PO4, Pz,
P3, P4, CP5 and CP6. These results will be discussed in
Appendix 2.

For all components, mean activities (average ampli-
tude in the time window) were computed per group and
condition. Repeated measures analyses of variance (RM
ANOVAs) with Greenhouse–Geisser corrected P-values
were applied to analyze the ERP indices of inhibition (N2
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Figure 1 Average event-related potentials in response to correct Go and NoGo trials for excessive gamers and controls at Fz, FCz, Cz, CPz
and Pz

Figure 2 Average event-related potentials in response to errors and correct responses for excessive gamers and controls at Fz, FCz, Cz, CPz
and Pz
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Figure 3 Current source density maps for error processing (upper) and response inhibition (lower) (ERN = error-related negativity;
Pe = error positivity)
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and P3), error processing (ERN and Pe) and behavioral
performance measures (number of false alarms and RTs).
This resulted in a Group (excessive gamers, non-/casual
gamers) ¥ Condition (Go, NoGo) ¥ Electrode ANOVAs for
N2 and P3 amplitudes related to inhibition, Group ¥
Correctness (correct response, error) ¥ Electrode ANOVAs
for ERN and Pe amplitudes related to error processing, a
Group ¥ Error (number of false alarms, misses) and a
Group ¥ RT (RT Go, RT NoGo) ANOVA for behavioral
measures. Post hoc tests for interactions were only per-
formed for interactions including the between-subjects
factor Group. Bonferroni corrections for multiple com-
parisons were applied to all post hoc analyses. In addition,
signal detection theory was used in order to calculate
differences between groups in sensitivity (d′) and response
bias (c). Questionnaire data were analyzed using inde-
pendent t-tests.

Because of the significant gender difference between
groups, it was first determined whether Gender was sig-
nificantly related to the dependent variables. Therefore,
data were first analyzed with RM ANOVAs in which
Gender served as between-subjects variable. These analy-
ses yielded no significant results for Gender. Therefore,
only analyses with Group as between subject’s factor will
be described (see Appendix for analyses with Gender as
between subject’s factor).

Spearman’s correlation coefficients were calculated
between number of false alarms, self-reported impulsiv-
ity, weekly hours of gaming, smoking, illicit drug use,
alcohol consumption (quantity/frequency) and NoGo N2
and P3 amplitudes in response to NoGo trials, as well as
ERN and Pe amplitudes in response to errors. In order to
determine a possible speed/accuracy trade-off, Spear-
man’s correlation coefficients were calculated between
the number of false alarms and RT Go. An alpha level of
0.05 was used for all statistical tests.

RESULTS

Self-reported data

No significant Group differences were found on the
I7 subscales ‘Venturesomeness’, t(50) = 1.05, P > 0.05,
and ‘Empathy’, t(50) = 0.02, P > 0.05. However, on the
impulsivity subscale, excessive gamers were shown to
exhibit higher scores (M = 7.24, SD = 5.00) than con-
trols (M = 4.85, SD = 3.16), t(50) = 2.08, P = 0.04.

Behavioral data

A robust main effect was found for Error, F(1,50) =
125.10, P < 0.001, showing that participants in general
made more errors on NoGo than on Go trials. Fur-
thermore, a significant Group ¥ Error interaction was
found, F(1,50) = 11.44, P < 0.001. Excessive gamers

made more errors in response to NoGo trials (54%,
M = 40.12, SD = 11.93) than controls (41%, M = 30.67,
SD = 12.17; P < 0.01), whereas the Groups did not differ
on number of errors in response to Go trials (P = 0.29).
Using signal detection measures, it was observed that
excessive gamers (d′ = 1.00) were less sensitive than con-
trols (d′ = 1.24), t(50) = 2.38, P < 0.05, indicating that
they had more difficulty detecting NoGo trials. Excessive
gamers also tended to adopt a more lenient response
bias (c = -0.62) than controls (c = -0.42), t(50) = 3.50,
P < 0.01, indicating that they were more likely to respond
to both Go (hit) and NoGo (false alarm) trials.

The main effect for RT was significant, F(1,50) =
246.96, P < 0.001, indicating that participants in
general were faster on incorrect NoGo trials (false alarms)
than on correct Go trials. A significant Group ¥ RT inter-
action was found, F(1,50) = 5.85, P < 0.05. Post hoc tests
revealed that excessive gamers were faster than controls
on Go trials (P < 0.05) but not on NoGo trials (false
alarms; P = 0.28).

Because excessive gamers had both faster RTs and
higher error rates than controls, it is possible that the
errors are the consequence of a different strategy for
performing the task, i.e. a speed/accuracy trade-off.
Although across participants a significant inverse corre-
lation was observed between false alarms and RT to Go
trials, r = -0.46, P < 0.01, this effect was mainly driven
by the inverse correlation observed in the control group,
r = -0.43, P = 0.03. In the excessive gamer group, no
correlation was found between numbers of false alarms
and RT to Go trials, r = -0.26, P = 0.21, indicating that
excessive gamers did not make more errors on NoGo trials
because of their fast RT.

Furthermore, significant correlations were found
between self-reported impulsivity and number of false
alarms, r = 0.36, P < 0.01, and between weekly hours of
gaming and number of false alarms, r = 0.33, P < 0.05,
indicating that both trait impulsivity and severity of
gaming were associated with making more errors on
NoGo trials.

ERP indices of error processing

ERN

As expected, a significant main effect was found for Cor-
rectness, F(1,50) = 23.13, P < 0.001, indicating that the
ERN was significantly enlarged for errors compared
with correct responses. More important, a significant
Group ¥ Correctness interaction was found, F(1,50) =
10.93, P < 0.01. Post hoc analyses revealed that excessive
gamers relative to controls show a significantly reduced
ERN in response to errors (P < 0.001), but that both
groups do not differ in ERP amplitude elicited by correct
responses (P = 0.08). In addition, it was revealed that
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excessive gamers show no significant differences between
ERP amplitudes elicited by incorrect and correct trials
(P = 0.30), whereas controls show enhanced ERNs in
response to errors compared with correct responses
(P < 0.001).

Pe

A significant main effect was found for Correctness,
F(1,50) = 109.05, P < 0.001, indicating that the Pe was
enhanced for errors compared with correct responses.
However, no significant Group ¥ Correctness interaction
was found, F(1,50) = 0.83, P > 0.05.

No correlations were found between impulsivity,
number of false alarms, smoking, illicit drug use or
alcohol consumption (quantity/frequency), and ERP
indices of error processing (ERN/Pe). However, across
electrodes, significant correlations were observed between
weekly hours of gaming and ERN reduction, r = 0.38–
0.57, all P’s < 0.05.

ERP indices of response inhibition

N2

When analyzed at the traditional, fronto-central elec-
trode sites, the main effect for Inhibition was not signifi-
cant, F(1,48) = 0.20, P > 0.05, indicating that the NoGo
N2 amplitude did not differ between Go and NoGo trials.
Furthermore, no Group ¥ Inhibition interaction was
found, F(1,48) = 3.10, P > 0.05. However, the explora-
tive N2 analysis at parietal electrode sites yielded several
significant results (see Appendix 2).

P3

A significant main effect was found for Inhibition,
F(1,48) = 112.43, P < 0.001, with NoGo trials eliciting
larger NoGo P3 amplitudes than Go trials. No signi-
ficant Group ¥ Inhibition interaction effect was found,
F(1,48) = 0.06, P > 0.05.

No correlations were found between impulsivity,
number of false alarms, smoking, illicit drug use or
alcohol consumption, and ERP indices of response inhi-
bition (N2/P3).

DISCUSSION

The present study aimed to investigate error processing
and response inhibition in excessive computer gamers
and controls without excessive gaming patterns, both on
the behavioral and electrophysiological level, using a
Go/NoGo paradigm combined with ERP recordings. As
observed in previous studies (e.g. Meerkerk et al. 2010),
excessive gamers exhibited higher levels of self-reported
impulsivity than controls. In addition, excessive gamers

showed decreased sensitivity and increased response bias
on the Go/NoGo task. They had faster response times and
made more errors than controls. This is in line with
results from a majority of studies in impulsive popula-
tions (e.g. Lijffijt et al. 2005b), substance use disorder
(Verdejo-García et al. 2008), pathological gambling (e.g.
Kertzman et al. 2008) and excessive Internet use (Zhou
et al. 2010). It is considered indicative of impulsive
responding prior to the complete processing of the stimu-
lus (Rabbitt & Vyas 1981), which is underscored by the
finding that both self-reported impulsivity and number of
weekly gaming hours correlated significantly with
number of errors in the present study. Furthermore, in
excessive gamers, the number of errors and response
time were unrelated, implying that group differences
were not caused by a speed/accuracy trade-off in the
excessive gamer group. Most importantly, excessive
gamers showed reduced error processing as compared
with controls. This was reflected by substantially reduced
fronto-central ERN amplitudes in response to incorrect
trials (erroneous button presses) relative to correct trials
(correct button presses). In addition, reduced ERN ampli-
tudes significantly correlated with number of weekly
gaming hours. The ERN is an electrophysiological
measure associated with errors and is assumed to reflect
fast and automatic initial error detection (Falkenstein
et al. 1991; Bernstein et al. 1995). Compromised error
processing has been observed in impulsivity-associated
externalizing psychopathology (Hall, Bernat & Patrick
2007) as well as in substance use disorder (e.g. Luijten,
van Meel & Franken, 2011b). Therefore, electrophysi-
ological, self-reported and behavioral data of the present
study indicate that excessive gaming might share some
similar neuropsychological and personality characteris-
tics with substance use disorders.

In the present study, no differences were found
between groups on the Pe. This component typically
follows the ERN and has been argued to be related to
error awareness (Nieuwenhuis et al. 2001; Overbeek
et al. 2005) and the motivational salience of an error
(Falkenstein et al. 2000; Overbeek et al. 2005; Rid-
derinkhof et al. 2009). Thus, although the early and
unconscious stages of error processing are compromised
in excessive gamers, it appears that the later, more con-
scious stages of error processing are still intact or at least
do not differ from controls. Although these results might
seem counterintuitive, it must be noted that the functional
significance of the Pe is still debated. As reviewed by
Overbeek et al. (2005), the ERN and the Pe show more
dissociations than associations, i.e. they appear to be dif-
ferentially sensitive to experimental manipulations and
individual differences.

In addition to error processing, response inhibition
was investigated. As described above, behavioral results
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indicated that excessive gamers show faster RTs and made
more errors than controls implying deficient inhibitory
control. On the electrophysiological level, stimulus-
locked fronto-central NoGo N2 and centro-parietal NoGo
P3 amplitudes in response to NoGo trials relative to Go
trials did not differ between excessive gamers and con-
trols. This finding is incongruent with results obtained in
substance-dependent persons, showing either reduced
NoGo N2 amplitudes (Yang et al. 2009; Luijten et al.
2011a) or reduced NoGo P3 amplitudes (Gamma et al.
2005; Kamarajan et al. 2005; Evans et al. 2009) in
response to NoGo trials. It also contradicts results from
two studies in excessive Internet users in which an asso-
ciation was shown between excessive Internet use and
reduced NoGo N2 amplitudes (Dong et al. 2010; Zhou
et al. 2010) and increased NoGo P3 amplitudes (Dong
et al. 2010).

The incongruence between the present and previous
ERP results, as well as the discrepancy between behavio-
ral and electrophysiological data, might have been caused
by certain characteristics of the Go/NoGo task employed
in this study. After all, no main effect of inhibition was
found, i.e. overall participants did not respond with
increased fronto-central N2 amplitudes to NoGo trials as
compared with Go trials. In traditional ERP studies of
response inhibition, NoGo percentages between 25 and
50 are employed (e.g. Falkenstein et al. 1999; Dong et al.
2010; Luijten et al. 2011a). However, in order to optimize
the task for measuring error processing, only 12% of the
trials in the current study were NoGo trials. This probably
increased task difficulty, which is endorsed by the finding
that both excessive gamers and controls made many
errors (54 and 41%, respectively). Poor response inhibi-
tion in all participants could have led to an
absence of fronto-central N2 modulation by Go and
NoGo trials.

The present study has several limitations. First of all,
there was a significant gender difference between groups.
Although Gender did not interact with any of the depend-
ent variables (see Appendix A) and therefore probably did
not cause any gender effects, experimental groups should
be carefully matched in future studies. Second, we did not
test for alcohol and drug dependency levels, gambling,
overeating and other co-morbid psychiatric disorders
such as ADHD. Although it is unlikely that the present
non-clinical excessive gamer group (comprised young
students) scored above average on these measures, future
studies should investigate if these measures significantly
moderate the association between excessive gaming and
compromised response inhibition and error processing.

To our knowledge, this is the first study to show
reduced error processing in excessive gamers compared
with controls. Furthermore, the present study shows that
excessive gamers display higher levels of self-reported

impulsivity as well as more impulsive responding, i.e. less
behavioral inhibition on the Go/NoGo task. Although the
present study does not allow drawing conclusions on cau-
sality, it might be that trait impulsivity, poor error process-
ing and diminished behavioral response inhibition
underlie the pathological gaming patterns observed in
excessive gamers. These individuals might be less sensitive
to the negative consequences of gaming and therefore
continue their behavior despite adverse consequences. On
the other hand, it cannot be ruled out that reduced error
processing and impulsive responding are the results of
excessive gaming or consequences of excessive gaming
(e.g. social isolation and depressive symptoms).

The present findings have several theoretical and clini-
cal implications. With regard to theoretical implications,
results suggest that excessive computer gaming (partly)
parallels impulse control and substance use disorders
with regard to impulsivity as measured on the self-
reported, behavioral and electrophysiological level.
Although it is not possible to draw any firm conclusions,
the present results provide a good starting point for future
research on this topic and might contribute to the
ongoing discussion of excessive gaming or ‘Internet
addiction’ as a potentially new psychiatric disorder. With
regard to clinical implications, the present study indicates
that behavioral and electrophysiological measures of
impulsivity can be useful for the identification of at-risk
populations or at-risk individuals. Subsequently, these
populations and individuals can be better informed or
receive specifically tailored interventions. Furthermore,
the present findings might be valuable for the develop-
ment of prevention and intervention strategies as well as
treatments. For example, excessive gamers seeking treat-
ment might be offered training programs that focus on
the enhancement of inhibitory control. As noted before,
more studies on this topic are necessary. These studies
might use other tools, such as fMRI, to further investigate
the relationship between the various dimensions of
impulsivity and excessive computer gaming. We also
suggest that future research focuses on direct compari-
sons between disorders (substance use, gambling and
excessive gaming) and replicate findings in excessive
gamers seeking treatment.
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APPENDIX 1

No significant Gender differences were found for smoking,
c2(1) = 0.16, P = 0.69, illicit drug use, t(50) = 0.50,
P = 0.62, and alcohol use (frequency, quantity and vari-
ability), all t’s < 1.04, all P’s > 0.30. No significant
Gender differences were found on the I7 subscales, all
t’s < 1.15, all P’s > 0.15.

With regard to behavioral performance data, the
Gender ¥ Error interaction showed a trend to signifi-
cance, F(1,50) = 3.67, P = 0.06, but post hoc tests

revealed no significant differences between men and
women on number of false alarms (P = 0.39) and
number of misses (P = 0.23). The Gender ¥ RT interac-
tion did not reach significance, F(1,50) = 2.61, P = 0.11.

Regarding the ERN, the Gender ¥ Correctness interac-
tion was not significant, F(1,50) = 0.10, P = 0.75. In
addition, no significant Gender ¥ Correctness interaction
was observed for the Pe, F(1,50) = 0.10, P = 0.75.

No significant Gender ¥ Inhibition interaction was
observed for the NoGo N2 when Gender served as
between-subjects variable, F(1,48) = 0.273, P = 0.60. At
parietal electrode sites, no significant Gender ¥ Inhibition
interaction was found either, F(1,48) = 1.95, P = 0.17.
For the NoGo P3, the Gender ¥ Inhibition interaction was
not significant, F(1,48) = 0.03, P = 0.85.

APPENDIX 2

Results parietal N2 analysis

At parietal electrode sites (PO3, PO4, Pz, P3, P4, CP5 and
CP6), a significant main effect for Inhibition was found,
F(1,48) = 13.26, P < 0.001, indicating that for all par-
ticipants, the NoGo N2 was enhanced in response to
NoGo trials as compared with Go trials. In addition, a
significant Group ¥ Inhibition interaction was found,
F(1,48) = 6.45, P < 0.01. Post hoc tests revealed that the
parietally distributed N2 in response to NoGo trials was
more enhanced for excessive gamers than for controls
(P = 0.04), whereas Groups did not differ in their N2
response to Go trials (P = 0.74). In addition, excessive
gamers showed significantly more enhanced parietally
distributed N2 amplitudes in response to NoGo trials than
in response to Go trials (P < 0.001), whereas this differ-
ence was not observed in controls (P = 0.43).

Discussion of parietal N2 results

Participants did not respond with increased fronto-
central N2 amplitudes to NoGo trials as compared with
Go trials. However, the present results show that all par-
ticipants responded with increased parietal N2 amplitudes
to NoGo trials relative to Go trials. It has been argued that
with attenuated frontal activity, additional recruitment
of compensatory networks, including parietal regions,
might be involved in successful inhibitory control (Bunge
et al. 2002; Bolla et al. 2004; Yücel et al. 2007). Indeed,
hypoactivation of fronto-central regions combined with
hyperactivation of parietal regions has been frequently
observed in fMRI studies of response inhibition (Yücel
et al. 2007; Chambers, Garavan & Bellgrove 2009). In the
present study, excessive gamers showed more parietal
activation to NoGo trials than controls. This is in line with
results from fMRI studies in cannabis users (e.g. Eldreth
et al. 2004), alcoholics (e.g. Desmond et al. 2003),
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cocaine users (e.g. Hester & Garavan 2004) and heroin
users (e.g. Yücel et al. 2007) and presumably indicates
stronger and/or less adequate recruitment of compensa-
tory networks in excessive gamers than in controls.
Although interpretive caution is warranted, it might be

that this parietal overcompensation in excessive gamers is
caused by neuronal alterations in fronto-central brain
regions, including the anterior cingulate cortex, which
would be in line with the deficits in error processing
observed in the present study.
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