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ŐĂŵĞƐ ŝƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŝŵƉƌŽǀĞĚ ĂĐƚŝŽŶ ĐĂƐĐĂĚŝŶŐ ďƵƚ ŶŽƚ ŝŶŚŝďŝƚŝŽŶ 
 

�ďƐtrĂct 
 
There is a constantly growing interest in developing efficient methods to 
enhance cognitive functioning andͬor to ameliorate cognitive deficits. One 
particular line of research focuses on the possibly cognitive enhancing 
effects that action video game (AV') playing may have on game players. 
Interestingly, AV's, especially first person shooter games, reƋuire gamers 
to develop different action control strategies to rapidly react to fast moving 
visual and auditory stimuli, and to fleǆibly adapt their behavior to the ever-
changing conteǆt. This study investigated whether and to what eǆtent 
eǆperience with such videogames is associated with enhanced performance 
on cognitive control tasks that reƋuire similar abilities. Eǆperienced action 
videogame-players (AV'Ps) and individuals with little to no videogame 
eǆperience (NV'Ps) performed a stop-change paradigm that provides a 
relatively well-established diagnostic measure of action cascading and 
response inhibition. Replicating previous findings, AV'Ps showed higher 
efficiency in response eǆecution, but not improved response inhibition (i.e. 
inhibitory control), as compared to NV'Ps.  Dore importantly, compared to 
NV'Ps, AV'Ps showed enhanced action cascading processes when an 
interruption (stop) and a change towards an alternative response were 
reƋuired simultaneously, as well as when such a change had to occur after 
the completion of the stop process. Our findings suggest that playing AV's 
is associated with enhanced action cascading and multi-component 
behavior without affecting inhibitory control. 
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ϭ͘ Introduction 
 

Cognitive control is defined as a set of processes that sustain our ability to 
interact with the environment in a goal-directed manner, by fleǆibly and 
continuously adapting our behavior to the ever-changing environment 
(Botvinick, Braver, Barch, Carter, & Cohen, 2001). As humans, we are 
regularly confronted with situations in which cognitive control is needed, 
for instance, when driving a car, cooking, doing sports, working, and in 
several other similar and more compleǆ situations. 

The importance of cognitive control processes becomes apparent 
when looking at the conseƋuences its impairments can have on personal 
life and interpersonal relationships, as is the case for individuals with 
mental and neurological disorders (e.g., attention deficitͬhyperactivity 
disorder (A�H�), obsessiveʹcompulsive disorder, or dyseǆecutive syndrome 
(<onrad, 'auggel, Danz, & SchƂll, 2000a,b͖ 'auggel, Rieger, & &eghoff, 
2004͖ Chamberlain et al., 2006a͖ Dartinussen, Hayden, Hogg-:ohnson, & 
Tannock, 2005͖ Nakao et al., 2009) in aging ('azzaley, 2013͖ Levy, 1994), 
and for otherwise healthy individuals suffering from maladaptive habits 
(e.g., alcohol and substance abuse͖ Curtin & &airchild, 2003͖ Ambrose, 
Bowden, & Whelan, 2001͖ DcCann, Dertl, Eligulashvili, & Ricaurte, 1999͖ Li, 
Luo, zan, BergƋuist, & Sinha, 2009͖ &illmore & Rush, 2002͖ 'ouzoulis-
Dayfrank et al., 2000). 

'iven the important role of cognitive control processes in daily life, 
there is great interest in developing efficient methods to improve cognitive 
control functions andͬor to counteract their decline. In this regard, action 
video game training seems to represent a promising tool ('reen & Bavelier, 
2015). Indeed, since the seminal work by 'reen and Bavelier (2003), 
converging evidence has suggested that in contrast to other types of games, 
such as life-simulations, playing action video games (AV')ʹin particular 
first-person shooter games such as the Halo, Call of �uty, and Battlefield 
series, and third-person shooter games such as the 'ears of War and 'rand 
Theft Auto series (<in & <rzywinska, 2002) ʹis associated with 
improvements in a wide range of perceptual (Boot, Blakely, & Simons, 
2011͖ �onohue, Woldorff, & Ditroff, 2010, 'reen, Pouget, & Bavelier, 
2010͖ 'reen, Li, & Bavelier, 2010͖ Buckley, Codina, Bhardwaũ, & Pascalis, 
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2010͖ Appelbaum, Cain, �arling, & Ditroff, 2013͖ Li, Polat, Dakous, & 
Bavelier, 2009), (visuo-)spatial ('reen & Bavelier, 2003, 2006a, 2007͖ 
Spence, zu, &eng, & Darshman, 2009͖ Spence & &eng, 2010͖ &eng, Spence, 
& Pratt, 2007), perceptuo-motor (Hubert-Wallander, 'reen, & Bavelier, 
2011͖ Chen, Chen, & Li, 2015) and attentional skills ('reen & Bavelier, 2003͖ 
West et al., 2008͖ Hubert-Wallander, 'reen, Sugarman, & Bavelier, 2011͖ 
Chisholm & <ingstone, 2012͖ Chisholm, Hickey, Theeuwes, & <ingstone, 
2010). &or instance, AV' eǆperience has been found to be associated with a 
more efficient distribution of visuo-spatial attention ('reen & Bavelier, 
2003, 2006a), a general increase in central and peripheral visuospatial 
attention ('reen & Bavelier, 2007), an increment in the number of obũects 
that can be apprehended ('reen & Bavelier, 2006b), enhanced temporal 
processing of multisensory stimuli (�onohue, Woldorff, & Ditroff, 2010), 
enhanced sensorimotor learning ('ozli, Bavelier, & Pratt, 2014), and a 
general speeding of perceptual reactions (�ye, 'reen, & Bavelier, 2009). 
Remarkably, recent studies have complemented the aforementioned 
findings by showing that the beneficial effects of playing AV's can 
generalize to cognitive control, that is, to people͛s capacity to control their 
thoughts and action in a goal-directed manner. &or instance, research has 
shown that AV'-players (AV'Ps), compared to individuals with little to no 
videogame eǆperience (NV'Ps), have an enhanced ability to fleǆibly switch 
between tasks, as indeǆed by performance on a wide range of task-
switching paradigms (Boot, <ramer, Simons, &abiani, & 'ratton, 2008͖ Cain, 
Landau, & Shimamura, 2012͖ Colzato, van Leeuwen, van den Wildenberg, & 
Hommel, 2010͖ Colzato, van den Wildenberg, & Hommel, 2014͖ 'reen, 
Sugarman, Dedford, <lobusicky, & Bavelier, 2012͖ <arle, Watters, & 
Shedden, 2010͖ Strobach, &rensch, & Schubert, 2012͖ Andrews & Durphy, 
2006), which supports the idea that playing AV's is associated with 
increased cognitive fleǆibility (Colzato, van Leeuwen, van den Wildenberg, 
& Hommel, 2010). Doreover, AV'Ps have been found to outperform 
NV'Ps in the monitoring and updating of working memory (WD) 
representations (Colzato, van den Wildenberg, �migrod, & Hommel, 2013) ʹ
another key cognitive-control function that is related to cognitive fleǆibility 
(Diyake et al., 2000). Conversely, inhibitory control (also considered an 
indeǆ of behavioral impulsivity) does not seem to be associated with AV's 
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eǆperience. Indeed, a previous study (Colzato, van den Wildenberg, 
�migrod, & Hommel, 2013) showed that playing AV's results in more 
efficient response eǆecution, but does not affect the ability to stop an 
ongoing response, as indeǆed by stop-signal reaction times (SSRTs͖ Logan, 
Schachar, & Tannock, 1997) (for similar findings, see �ye, 'reen, & Bavelier, 
2009 This latter finding is particularly intriguing. &irst, it Ƌuestions the 
possibility that the beneficial effects of playing AV's can transfer to all 
cognitive-control functions, as that would suggest AV'Ps should also show 
superior inhibitory control (i.e., lower SSRTs) as compared to NV'Ps. 
Second, it challenges the anecdotal idea that AV'Ps are more impulsive 
than NV'Ps, based on which AV'Ps are eǆpected to show lower inhibitory 
efficiency (i.e., higher SSRTs) than NV'Ps. 

In the present study we sought to complement previous findings by 
gaining a better understanding of the eǆtent to which playing AV's is 
associated with improved cognitive control. We focused on first person 
shooter (&PS) AV's because it has been suggested that it is in particular the 
first person perspective that allows for cognitive-control improvements 
(Colzato, van Leeuwen, van den Wildenberg, & Hommel, 2010). Indeed, 
compared to strategic and life-simulation games, the new generations of 
&PS AV's are not ũust about pressing a button at the right moment, but 
they reƋuire the players to develop different action control strategies to 
rapidly react to fast moving visual and auditory stimuli, and to fleǆibly adapt 
their behavior to the ever-changing conteǆt. This resembles compleǆ daily 
life situations, such as multitasking conditions, in which we are reƋuired to 
inhibit a planned, ongoing response and to rapidly adapt our behavior (e.g., 
to eǆecute a different response). Successful performance under 
multitasking conditions relies on the ability to activate different task goals, 
and to cascade and prioritize different actions (Boecker, 'auggel, & �rueke, 
2013). This leads to the possibility that eǆtensive eǆperience with playing 
&PS AV's could be linked with better action cascadingͬmultitasking 
performance. zet, empirical evidence supporting this possibility is still 
missing. 

Action cascading is defined as the ability to generate, process, and 
eǆecute separate task goals and responses in an eǆpedient temporal order 
and, as such, to be able to display efficient goal-directed multi-component 
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behavior (�ippel & Beste, 2015͖ �uncan, 2010͖ Dƺckschel, Stock, & Beste, 
2014͖ Stock, Arning, Epplen, & Beste, 2014͖ Stock, Blaszkewicz, & Beste, 
2014). The cascading of and selecting the right action can be done in a serial 
manner (i.e. step-by-step: a new task goal is activated only after the 
previous one has been carried out or stopped) or in a parallel manner (i.e. 
overlapping: a new task goal is activated while the previous one is still being 
is carried out), depending on the task demands (Dƺckschel, Stock, & Beste, 
2014͖ Stock, Arning, Epplen, & Beste, 2014͖ Stock, Blaszkewicz, & Beste, 
2014͖ Beste & Saft, 2015͖ Steenbergen et al., 2015). 
In order to assess whether eǆtensive eǆperience with AV's can in fact 
result in an enhanced ability to prioritize and cascade different actions, we 
employed a stop-change task introduced by Verbruggen, Schneider, and 
Logan (2008). In this task, the primary goal is to Ƌuickly react to a 'O 
stimulus. Occasionally, a STOP stimulus is presented, which reƋuires 
participants to stop the ongoing response. The STOP stimulus is followed by 
a CHAN'E stimulus signaling the participants to shift to an alternative 
response. The interval between the STOP and the CHAN'E stimulus (stop-
change delay͖ SC�) hence, the duration of the preparation process before 
the eǆecution of the change response, is manipulated in such a way that the 
two stimuli occur either simultaneously (0 ms͖ i.e., SC� 0) or with a short 
delay (300 ms͖ i.e., SC� 300͖ for more details, see Dethod section 
and &igure 1). Responses on SC trials depend on the ability to activate 
different task goals, and to cascade and prioritize different actions so as to 
succeed in inhibiting an ongoing response and rapidly switching to a 
different one (Boecker, 'auggel, & �rueke, 2013). As such, reaction times 
(RTs) on stop-change trials can be taken to reflect the efficiency of action 
cascading, with shorter RTs reflecting more efficient action selection.  

Based on the available findings (Boot, <ramer, Simons, &abiani, & 
'ratton, 2008͖ Cain, Landau, & Shimamura, 2012͖ Colzato, van Leeuwen, 
van den Wildenberg, & Hommel, 2010͖ Colzato, van den Wildenberg, & 
Hommel, 2014͖ 'reen, Sugarman, Dedford, <lobusicky, & Bavelier, 2012͖ 
<arle, Watters, & Shedden, 2010͖ Strobach, &rensch, & Schubert, 2012) we 
eǆpected AV'Ps to outperform NV'Ps in action cascading processes (i.e., to 
show faster RTs on the stop-change trials) both when an interruption 
(stopping) and a change toward an alternative response are reƋuired 
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simultaneously (SC�0) and when the change to another response is 
reƋuired when the stopping process has already finished (SC�300). Aside 
from providing a measure of action cascading efficiency, the stop-change 
paradigm also allows an assessment of the efficiency of response eǆecution, 
as reflected by RTs to the 'O stimuli, and a Ƌuantitative estimation of the 
duration of the covert response-inhibition process (i.e., the efficiency of 
inhibitory control), as indeǆed by the SSRTs (i.e., the time reƋuired to stop 
the ongoing response͖ Logan & Cowan, 1984͖ Logan 1994). Assuming we 
would replicate previous findings (Colzato, van den Wildenberg, �migrod, & 
Hommel, 2013, see also Diyake et al., 2000), we eǆpected AV'Ps, 
compared to NV'Ps, to show higher efficiency in response eǆecution (i.e., 
faster RTs to the 'O stimuli), but comparable performance on response 
inhibition (i.e., comparable mean SSRTs). 

&inally, to rule out between-groups differences in terms of fluid 
intelligence, which could partially account for possible differences in 
cognitive control (<ane & Engle, 2002͖ Engle, Tuolski, Laughlin, & Conway, 
1999), we also assessed participant͛s fluid intelligence by means of the 
Raven͛s standard progressive matrices (Raven & Court, 1998). Building on 
previous studies (Pohl et al., 2014͖ Cain, Landau, & Shimamura, 2012͖ 
Colzato, van Leeuwen, van den Wildenberg, & Hommel, 2010͖ Colzato, van 
den Wildenberg, �migrod, & Hommel, 2013), AV'Ps are eǆpected to show 
comparable performance to that of NV'Ps. 

Ϯ͘ DĞtŚod 

Ϯ͘ϭ͘ WĂrticiƉĂntƐ 
 
Thirty-siǆ young healthy adults (28 men and 8 women) participated in the 
eǆperiment. They constituted the two groups of 18 &PS AV'Ps and 18 
NV'Ps. Participants were selected from a sample of 90 young adults who 
had previously participated in other studies in our lab and agreed to be 
contacted to participate in other behavioral studies. hsing a covert 
recruitment strategy, the 90 potential volunteers were reƋuired (via e-mail) 
to fill in a Ƌuestionnaire that assessed their eǆperience with videogame 
along with other preferences (i.e., religious belief and preferred 
temperature). Specifically, participants were asked the following Ƌuestions: 
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(1) Are you baptized͍ (2) How often do you pray͍ (3) How often are you 
going to the church͍ (4) �o you prefer the heater high or low͍ (5) �o you 
workͬstudy better when the heater is high or low͍ (6) �o you play video 
games͍ (7) Which kind of video games do you play and how much time do 
you spend playing them per week͍ (8) When did you start playing video 
games͍. &ollowing previous studies ('reen & Bavelier, 2003, 2006a,b, 
2007), participants who reported playing a minimum of 5hͬweek of &PS 
AV's, over the last year were defined as AV'Ps. Twenty-two participants 
felt in this category and were invited to the lab, but only 18 of them showed 
up for the testing session. Participants assigned to the AV'P group reported 
to play &PS games such as Call of �uty, hnreal Tournament, Half-Life 2, and 
Battlefield 2 and later versions. All of these games are situated in a 3� 
environment and reƋuire freƋuent updating between multiple tasks and 
stimuli. Eighteen matched participants who reported little to no AV' 
eǆperience (i.e., one or fewer hours per week on average of action 
videogame play) were selected to form the NV'P group. 
All participants who were invited to the lab were also screened individually 
by a phone interview by the same lab-assistant using the Dini International 
Neuropsychiatric Interview (DINI) (Sheehan et al., 1998)ʹa well-established 
brief diagnostic tool used in clinical and stress research that screens for 
several psychiatric disorders and drug use (Sheehan et al., 2008͖ Colzato, 
<ool, & Hommel, 2008͖ Colzato, Ruiz, van den Wildenberg & Hommel, 
2011). 

Prior to the testing session, all participants were informed that they 
were participating in a study on the effects of playing videogames on 
cognitive performance. Written informed consent was obtained from all 
participants. The protocol and remuneration arrangements of 6.50 Euros 
were approved by the institutional review board (Leiden hniversity, 
Institute for Psychological Research). The methods were carried out in 
accordance with the approved guidelines. 

Ϯ͘Ϯ͘ �ƉƉĂrĂtuƐ Ănd ƉrocĞdurĞ 
 
All participants were tested individually. Participants started with the 
practice procedure of the stop-change paradigm, which took about 20 
minutes. After completion of the practice, participants performed the task 
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(25 minutes) and filled out the short version (i.e., 30 items) of the Raven͛s 
SPD (Standard Progressive Datrices͖ Raven & Court, 1998͖ <eizer, 
Verschoor, Vermen, & Hommel, 2010), a standard and widely-used test to 
measure fluid intelligence (Raven & Court, 1998). Each participant was 
given 10 minutes to perform the SPD test. Participants were allowed to 
take a short break (maǆimum of 5 minutes) between tasks. 

Ϯ͘Ϯ͘ϭ͘ ^ƚŽƉͲ�ŚĂŶŐĞ ƉĂƌĂĚŝŐŵ 
 
The task was adapted from Steenbergen, Sellaro, Stock, Beste, and Colzato 
(2015) and zildiz, Wolf, and Beste (2014), see &igure 1. The eǆperiment was 
controlled by an Asus laptop running on an Intel Core i3-3217h processor, 
attached to a L' &latron 776&D 16 inch monitor (refresh rate of 60 Hz). 
Stimulus presentation and data collection were controlled using 
Presentation software system (Neurobehavioral Systems, Inc., Berkeley, 
CA). Responses were eǆecuted via button-presses using the number row of 
a YWERTz computer keyboard. Throughout the task, the response buttons 
were marked with yellow stickers. All visual stimuli were presented in white 
on a black background. 

Each trial started with the presentation of four vertically aligned 
unfilled circles (diameter 7 mm) and three horizontal reference lines (line 
thickness 1 mm, width 13 mm), embedded in a 55 ǆ 16 mm rectangle 
presented in the center of the screen. After 250 ms, one of the circle was 
filled white ('O stimulus). In the 'O condition (67й of the trials), 
participants were to indicate the position (above vs. below) of the white 
circle relative to the middle reference line. Specifically, participants were 
instructed to press the ͞7͟ key (for below) and the ͞8͟ key (for above) with 
the indeǆ and middle finger of their right hand, respectively. Stimuli were 
shown until response, but not longer than 2500 ms. Instructions 
emphasized both accuracy and speed. When RTs were longer than 1000 ms, 
the word ͞Yuicker͟ was presented above the rectangle until the participant 
responded. 

In the SC conditions, which corresponded to the remaining 33й of 
the trials, the presentation of the white 'O stimulus was followed by a 
STOP signal (a red rectangle replacing the previous white frame), signaling 
the participants to try to inhibit their right-handed response to the 'O 
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stimulus. The delay between the onset of the 'O stimulus and the onset of 
the STOP signal (i.e., the stop signal delay, SS�) was initially set to 250 ms 
and then dynamically adũusted using a staircase procedure to yield a 50й 
probability of successfully inhibiting the 'O response (see Steenbergen, 
Sellaro, Stock, Beste, & Colzato, 2015͖ Steenbergen et al., 2015͖ Beste, 
Stock, Epplen, & Arning, 2014). 

Specifically, after a completely correct SC trial (i.e. no response to 
'O stimulus, no response prior to the CHAN'E stimulus in the SC�300 
condition (eǆplained below) and a correct left hand response to the 
CHAN'E stimulus), the SS� of the neǆt SC trial increased by 50 ms. 
Conversely, after an incorrect SC trial (if any of the above criteria were not 
met), the SS� of the neǆt SC trial decreased by 50 ms. Additionally, the 
following restriction was applied to this procedure: the SS� values could 
not fall below a value of 50 ms and could not eǆceed a value of 1000 ms. 
Participants were not informed about the staircase procedure, and were 
instructed not to wait for the stop signal. Regardless of the stopping 
(inhibitory) performance, every stop signal was associated with one of 
three possible CHAN'E stimuli. The CHAN'E stimuli consisted of 100 ms 
sine tones presented through headphones at 75 dB sound pressure level 
and could be high (1300 Hz), medium (900 Hz) or low (500 Hz) in pitch. The 
presentation of the CHAN'E stimulus signaled the participants to eǆecute a 
left-handed response reƋuiring them to ũudge the position (above vs. 
below) of the white circle relative to a new reference line, as indicated by 
the pitch of the tone. The presentation of the high tone indicated the 
highest of the three lines as the new reference, the medium tone indicated 
the middle line and the low tone indicated the lowest line (see &igure 1). 
The three tones occurred with eƋual freƋuency. Participants were 
instructed to press the ͞1͟ key for stimuli located above the newly assigned 
reference line, and the ͞2͟ key for stimuli located below the newly assigned 
reference line, using the middle and indeǆ fingers of the left hand, 
respectively. The delay between the presentation of the STOP signal and 
the presentation of the CHAN'E stimulus (i.e., the stop change delay, SC�) 
was manipulated to vary as follows. In half of the SC trials, there was a SC� 
with a stimulus onset asynchrony (SOA) of 300 ms between the STOP and 
the CHAN'E signals (SC�300 condition)͖ in the other half of SC trials, the 
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STOP and CHAN'E stimuli were presented simultaneously (SOA of 0 ms, 
SC�0 condition). RTs for the stop-change trials were measured from the 
onset of the CHAN'E stimulus. When RTs for the stop-change trials were 
longer than 2000 the English word ͞Yuicker͟ was presented above the 
rectangle until the participant responded. �uring the inter-trial interval (ITI) 
a fiǆation cross was presented in the center of the screen for 900 ms. 
Overall, the task comprised 864 eǆperimental trials and lasted about 25 
minutes. 

Ϯ͘ϯ͘ ^tĂtiƐticĂů ĂnĂůǇƐiƐ 
 
A Chi-sƋuare test was used to compare gender distribution over the two 
groups. Independent samples t-tests or non-parametric Dann-Whitney h 
tests (in case of a violation of the normality assumption) were used to 
compare the two groups with regard to fluid intelligence, age, and the 
number of hours spent per week playing different game genres including 
shooter, strategy, and other games (i.e., role-playing, puzzle and sports 
games). To assess the effect of AV' practice on action cascading, mean RTs 
were submitted to a repeated-measures ANOVA with condition ('O, SC�0, 
SC�300) as within-subũects factor and group (AV'Ps vs. NV'Ps) as 
between-subũects factor. 'reenhouseͶ'eisser correction was applied 
when the sphericity assumption was violated. Tukey HS� post-hoc tests 
were performed to clarify mean differences in case of significant 
interactions. 'iven that for the stop-change trials, the percentage of errors 
is mainly determined by a staircase procedure and, thus, is artificially fiǆed 
at approǆimately 50й (Verbruggen et al., 2008), we only analyzed the 
percentages of errors for the 'O trials. The non-parametric Dann-Whitney 
h test was preferred over the independent samples t-test because of a 
small violation to the normality assumption. To indeǆ response inhibition, 
individual SSRTs for stop-signal trials were calculated, as indicated by 
Verbruggen, Schneider, and Logan (2008). SSRTs were analyzed by means of 
the Dann-Whitney h test, as this variable was shown not to be normally 
distributed. A significance level of Ɖф0.05 was adopted for all statistical 
tests. 
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&iŐurĞ ϭ͘ ^cŚĞŵĂtic iůůuƐtrĂtion oĨ tŚĞ ƐtoƉͲcŚĂnŐĞ ƉĂrĂdiŐŵ͘ Circles 
indicate the four possible target locations, while the lines indicate the three 
possible reference lines. The red rectangle represents the STOP signal, the 
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presentation of which (SS�) varied according to a staircase procedure (see 
teǆt, for further details). The speaker icon represents the auditory CHAN'E 
signal, which could be high (1300 Hz), medium (900 Hz) or low (500 Hz) in 
pitch. The pitch of the CHAN'E signal indicates the new reference line to be 
used to ũudge the location (above vs. below) of the target stimulus (i.e., the 
white circle). The figure illustrates the seƋuence of the events (from left to 
right) for the 'O condition (above panel) and for the STOP-CHAN'E 
conditions (below panel). Each trial starts with the presentation of the four 
empty circles separated by three lines, with one of the circles becoming 
white after 250 ms. When no STOP signal is presented (i.e., 'O conditionʹ
above panel), the presentation of the white circle (i.e., 'O stimulus) 
reƋuires participants to eǆecute a right-handed response to ũudge its 
position with respect to the middle reference line. 'O trials end after the 
response to the 'O stimulus. Reaction times (RTs) on 'O trials reflect the 
efficiency of response eǆecution. When the STOP signal is presented (i.e., 
SC conditionʹbelow panel), participants are instructed to withdraw their 
right-handed response to the 'O stimulus and to eǆecute a left-handed 
response instead, ũudging the position of the white circle with respect to 
the new reference line (higher, middle, lower), as indicated by the pitch of 
the CHAN'E signal (high, medium, low). The interval between the onset of 
the STOP and CHAN'E stimuli (i.e., stop-change delay͖ SC�) was set to 
either 0 or 300 ms to create the SC�0 and SC�300 conditions. SC trials end 
after the response to the CHAN'E stimulus. The time reƋuired to stop a 
plannedͬongoing response (i.e., stop-signal reaction times, SSRTs) reflects 
inhibitory control efficiency. Responses on SC trials reƋuire to inhibit a 
planned, ongoing response and to rapidly eǆecute a different response. 
Successful performance on these trials relies on the ability to activate 
different task goals, and to cascade and prioritize different actions (Boecker 
et al., 2013). Therefore, RTs on these trials are indicative of the efficiency of 
action cascading, with shorter RTs indicating more efficient action 
cascading. ITI: intertrial interval͖ SS�: stop-signal delay͖ SC�: stop-change 
delay. 
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ϯ͘ ZĞƐuůtƐ 
 

Table 1 shows demographic information and the behavioral parameters for 
the stop-change paradigm separately for the AV'Ps and NV'Ps group. No 
significant between group differences were found for age, � с -.511, Ɖ с 
.628, gender, ʖ2(1, N с 36) с .643, Ɖ с .423, or fluid intelligence (IY), ƚ(34) с -
.470, Ɖ с .641. Significant group differences were observed when comparing 
the two groups with respect to the hours spent at playing shooter, � с -
5.429, Ɖ ф .001, strategic, � с -2.272, Ɖ ф .05, and other videogames, � с -
3.001, Ɖ ф .01. In all cases, AV'Ps reported to have more eǆperience than 
NV'Ps (see Table 1). 
 
dĂďůĞ ϭ͘ �emographic characteristics and behavioral parameters for the 
stop-change paradigm for AV'Ps and NV'Ps (Deanц SED). 
sĂƌŝĂďůĞƐ  �s'WƐ Es'WƐ 

N ΀D:&΁  18 ΀15:3΁  18 ΀13:5΁  

Age 21.2ц0.6 22.4ц1.1 

&luid Intelligence 114ц3.0 116ц2.7 

Hours per week spent playing   

&irst person shooter gamesΎ 9.8ц1.6 0.1ц0.1 

Strategic gamesΎ 4.3ц1.5 0.4ц0.2 

Other gamesΎ 7.7ц1.6 2.6ц1.2 

STOP-CHAN'E PARA�I'D   

Dean stop-signal RT (SSRT) 274ц12 280ц18 

Dean RTs on 'O trialsΎ 551ц30 623ц30 

Dean RTs SC� 0Ύ 1012ц 63 1185ц63 

Dean RTs SC� 300Ύ 823ц63 1018ц63 

^ŝŐŶŝĨŝĐĂŶƚ ŐƌŽƵƉ ĚŝĨĨĞƌĞŶĐĞ͖ Ύ Ɖ ф Ϭ͘Ϭϱ͘ 
�s'WƐ͗ ĂĐƚŝŽŶ ǀŝĚĞŽŐĂŵĞ ƉůĂǇĞƌƐ͕ Es'WƐ͗ ŶŽŶ ǀŝĚĞŽŐĂŵĞ ƉůĂǇĞƌƐ͕ Zd͗ 
ƌĞĂĐƚŝŽŶ ƚŝŵĞ͕ ^^Zd͗ ƐƚŽƉ ƐŝŐŶĂů ƌĞĂĐƚŝŽŶ ƚŝŵĞ͕ ^��͗ ƐƚŽƉͲĐŚĂŶŐĞ ĚĞůĂǇ 
 



503394-L-sub01-bw-Steenbergen503394-L-sub01-bw-Steenbergen503394-L-sub01-bw-Steenbergen503394-L-sub01-bw-Steenbergen

 

 

73 �ŚĂƉƚĞƌ ĨŽƵƌ 

RT analysis showed a main effect of trial type ('O vs. SC�0 vs. 
SC�300), &(1.515,39.126) с 135.234, Ɖ ф .001, ɻ2

p с .799, DSE с 31200.879. 
Tukey HS� post-hoc tests showed that RTs were longer in the SC�0 
condition (1098ц44), as compared to the SC�300 (920ц45) and the 'O 
condition (587ц21) (both Ɖ ф .001). The latter conditions (i.e., SC�300 and 
'O) also differed significantly from each other, Ɖ ф .001. Crucially, as 
eǆpected, the main effect of group was significant as well, &(1,34) с 
4.746, Ɖ с .036, ɻ2

p с .122, DSE с 122863.44, indicating that RTs in general 
where faster in the AV'P group (795ms) as compared to the NV'P group 
(942ms). Remarkably, the two-way interaction involving group and trial 
type was not significant, &(1.515,39.126) с 2.124, Ɖ с .151. Therefore, 
consistent with our eǆpectations, AV'Ps outperform NV'Ps on both 
response eǆecution and action cascading. Interestingly, such an 
improvement in action cascading was observed both when the shift to the 
alternate response was reƋuired to occur simultaneously to a stopping 
process (i.e., SC�0 condition) and when the stopping process was already 
finished (SC�300 condition). No differences between groups were observed 
with regard to the percentage of errors on the 'O trials, Ɖ с .226. 

&inally, replicating a previous finding (Colzato, van den Wildenberg, 
�migrod, & Hommel, 2013), the analysis of the SSRTs, did not reveal 
differences between the two groups: the distribution of SSRTs was the 
same across groups, � с -.063, Ɖ с .96. 

ϯ͘ϭ͘ �dditionĂů ĂnĂůǇƐĞƐ 
 
Recent evidence suggests that many of the cognitive enhancements 
associated with AV' eǆperience can be seen as reflecting the fact that AV' 
eǆperience allows gamers to learn more Ƌuickly and effectively how to 
perform new tasks, rather than reflecting immediate transfer effects on 
new tasks ('reen & Bavelier, 2015͖ 'ozli, Bavelier, & Pratt, 2014͖ Beũũanki et 
al., 2014). Therefore, one may argue that the better performance shown by 
AV'Ps may be due to faster learning rather than to better response 
eǆecution and action cascading performance. To rule out this possibility, 
trials were divided into three blocks of 288 trials each. We then re-ran the 
RTs analysis with the inclusion of the additional within-subũects factor 
͞block͟. ANOVA confirmed the main findings, revealing significant main 
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effects of trial type, &(1.148, 39.017) с 134.805, Ɖ ф .001, ɻ2
p с .799, DSE с 

94109.532, and, crucially, group, &(1,34) с 4.695, Ɖ с .037, ɻ2
p с .121, DSE с 

370540.019, but no significant interaction between the two factors, &(1,34) 
с 2.116, Ɖ с .128. Additionally, a significant main effect of block was 
found, &(1.573,53.470) с 7.803, Ɖ с .002, ɻ2

p с .187, DSE с 17794.567. 
Tukey HS� post-hoc tests showed that RTs decreased with increasing task 
eǆperience (i.e., RTs were 889ms, 884ms and 831ms in block 1, block 2 and 
block 3, respectively). Post-hoc analyses revealed no significant difference 
between block 1 and block 2 (Ɖ с .96), whereas significant differences were 
observed between bock 2 and block 3 (Ɖ ф .005), and between block 1 and 
block 3 (Ɖ ф .005). Dore importantly, the factor block interacted neither 
with trial type, nor with group, &s ч 2.323, ƉƐ ш0.72, with the latter finding 
ruling out an interpretation of the observed group differences in terms of 
learning-related differences (see Dƺckshel et al., 2015 for similar findings 
suggesting that performance on the stop-change paradigm is not sensitive 
to learning effects). 

ϰ͘ �iƐcuƐƐion 
 

Research has suggested that playing AV's can lead to improvements in 
perceptual (Boot, Blakely, & Simmons, 2011͖ �onohue, Woldorff, & Ditroff, 
2010͖ 'reen, Li, & Bavelier, 2010͖ 'reen, Pouget, & Bavelier, 2010͖, 
Buckley, Codina, Bhardwaũ, & Pascalis, 2010͖ Appelbaum, Cain, �arling, & 
Ditroff, 2013͖ Li, Polat, Dakous, & Bavelier, 2009), (visuo-)spatial ('reen & 
Bavelier, 2006a, 2007, 2015͖ Spence, zu, &eng, & Darshman, 2009͖ Spence 
& &eng, 2010͖ &eng, Spence, & Pratt, 2007), perceptuo-motor (Hubert-
Wallander et al., 2011b͖ Chen et al., 2015) and attentional abilities ('reen & 
Bavelier, 2003͖ West, Stevens, Pun, & Pratt, 2008͖ Hubert-Wallander, 
'reen, Sugarman, & Bavelier, 2011͖ Chisholm & <ingstone, 2012͖ Chisholm, 
Hickey, Theeywes, & <ingstone, 2010), and that such improvements can 
also eǆtend to cognitive control functions such as cognitive fleǆibility (Boot, 
Blakely, & Simmons, 2011͖ Cain, Landau, & Shimamura, 2012͖ Colzato, van 
Leeuwen, van den Wildenberg, & Hommel, 2010͖ Colzato, van den 
Wildenberg, & Hommel, 2014͖ 'reen, Sugarman, Dedford, <lobusicky, & 
Bavelier, 2012͖ <arle, Watter, & Shedden, 2010͖ Strobach, &rensch, & 
Schubert, 2012͖ Andrews & Durphy, 2006) and WD updating (Colzato, van 
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den Wildenberg, �migrod, & Hommel, 2013), but not inhibitory control 
(Colzato, van den Wildenberg, �migrod, & Hommel, 2013͖ Diyake et al., 
2000). The present study aimed to eǆtend previous findings by determining 
the potential effect of &PS AV' playing eǆperience on action cascading, 
which encompasses cognitive control processes such as task goal 
manipulation and action selection in multitasking conteǆts (Boecker, 
'auggel, & �rueke, 2013͖ Verbruggen, Schneider, & Logan, 2008). To this 
end, AV'Ps and NV'Ps were confronted with a stop-change paradigmʹa 
well-established diagnostic indeǆ of action cascading efficiency 
(Verbruggen, Schneider, & Logan, 2008). Interestingly, besides providing an 
indeǆ of action cascading efficiency, performance on this task gives 
additional information on the efficiency of response eǆecution and 
inhibitory control, thereby providing us with the opportunity to confirm (or 
disconfirm) previous observations (Colzato, van den Wildenberg, �migrod, 
& Hommel, 2013͖ Diyake et al., 2000) while simultaneously eǆtending 
them. Results showed that AV'Ps outperformed NV'Ps in action cascading 
efficiency. Indeed, as compared to NV'Ps, AV'Ps were found to be faster 
in switching to an alternative response, regardless of whether this shift was 
reƋuired to occur simultaneously to a stopping process (i.e., SC�0 
conditionʹi.e., parallel processing) or when the stopping process had 
already finished (SC�300 conditionʹi.e., serial processing). Therefore, the 
present findings provide support for the idea that &PS AV' playing 
eǆperience is likely to be associated with a more efficient ability in selecting 
and applying different action control strategies depending on the task 
demands. To some eǆtent, this finding is not surprising if one considers that 
playing &PS AV's eǆplicitly reƋuires the players to be able to rapidly and 
fleǆibly adapt their behavior to the ever-changing conteǆt such that, very 
often, planned actions need to be withheld and rapidly replaced by othersʹ
an ability that the current findings suggest can transfer to cognitive tasks 
tapping similar skills. Our observations fit with previous reports that have 
associated AV' practice with enhanced cognitive fleǆibility, as indeǆed by 
performance on a wide range of task-switching paradigms (Boot, Blakely, & 
Simmons, 2011͖ Cain, Landau, & Shimamura, 2012͖ Colzato, van Leeuwen, 
van den Wildenberg, & Hommel, 2010͖ Colzato, van den Wildenberg, & 
Hommel, 2014͖ 'reen, Sugarman, Dedford, <lobusicky, & Bavelier, 2012͖ 
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<arle, Watter, & Shedden, 2010͖ Strobach, &rensch, & Schubert, 2012͖ 
Andrews & Durphy, 2006) and WD updating, as indeǆed by performance 
on the 2-back task (Colzato, van den Wildenberg, �migrod, & Hommel, 
2013). 

Importantly, in the present study, we also replicated previous 
observations suggesting that AV' eǆperience is associated with higher 
efficiency in response eǆecution, but does not affect inhibitory control. 
Indeed, consistent with a previous study using the stop-signal task (Colzato, 
van den Wildenberg, �migrod, & Hommel, 2013), AV'Ps showed faster RTs 
to 'O signals, but were comparable to NV'Ps in terms of SSRTs. As 
mentioned in the Introduction, the converging observations that AV'Ps 
show comparable performance to NV'Ps with respect to inhibitory 
performance in different paradigms (Colzato, van den Wildenberg, �migrod, 
& Hommel, 2013͖ Diyake et al., 2000) has a twofold importance. On the 
one hand, the fact that AV'Ps are not better than NV'Ps in inhibitory 
control means that the potential beneficial effects associated with gaming 
eǆperience do not transfer to all cognitive functions. It would be valuable 
for future studies to shed light on why this is the case. On the other hand, 
the fact that AV'Ps are not worse than NV'Ps in inhibitory control do not 
provide any empirical support for the claim, often seen in the media, that 
AV'Ps are more impulsive, antisocial, or aggressive than non-gamers (but 
see &erguson, 2011). Indeed, our findings, along with previous ones 
(Colzato, van den Wildenberg, �migrod, & Hommel, 2013͖ Diyake et al., 
2000), show that AV'Ps do not show any dysfunctional impulsivity or 
impairment in response inhibition, as compared to NV'Ps. 

The current study has some limitations that warrant discussion. 
&irst and foremost, we acknowledge that no causal relation can be drawn 
between the observed between-groups differences and &PS AV' playing 
eǆperience. Indeed, our investigation was restricted to how a history of 
video game eǆperience is associated with action cascading processes, 
rendering our study correlational in natureʹa methodological shortcoming 
common to most studies reporting gaming effects (for an eǆtensive 
discussion of this issue, see (Boot, Blakely, & Simmons, 2011͖ <ristũĄnsson, 
2013). Therefore, one cannot rule out that the differences we found in the 
stop-change task are actually due to innate differences between the 
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groups, such as pre-eǆisting neuro-developmental factors andͬor a 
particular pre-gaming learning eǆperience, rather than due to gaming 
eǆposure. &or instance, individuals with a genetic predisposition associated 
with better eǆecutive control functions might be drawn to video games 
more strongly, meaning that an effect of eǆperience might actually 
represent a form of self-selection (Colzato, van Leeuwen, van den 
Wildenberg, & Hommel, 2010). Interestingly enough, this possibility is in 
line with other findings showing that cognitive skills are significant 
predictors of gaming performance in &PS AV's (Sherry et al., 2006͖ 
Bowman et al., 2013͖ Sherry & Bowman, 2015). Likewise, it seems that 
gender differences in cognitive skills may be causally linked with the 
decision to play specific genres of games rather than others, which may 
eǆplain why males mostly prefer action, shooter, sports, and fighter games, 
whereas females typically prefer puzzle, card and educational games 
(Sherry, Rosaen, Bowman, & Huh, 2006͖ Bowman, Weber, Tamborini, & 
Sherry, 2013͖ Sherry & Bowman, 2015). The fact that the two groups did 
not differ in terms of age, gender, and fluid intelligence allows us to at least 
eǆclude the potential confounding influence of these variables. Among 
these factors, age is probably of particular importance, as a previous study 
has shown that action cascading performance declines with increasing age 
(Stock, 'ohil, & Beste, 2015). &urthermore, as eǆpected, we found no group 
differences in terms of fluid intelligence and inhibitory control, replicating 
previous studies that found no association between these factors and 
gaming eǆperience (Cain, Landau, & Shimamura, 2012͖ Colzato, van 
Leeuwen, van den Wildenberg, & Hommel, 2010͖ Colzato, van den 
Wildenberg, �migrod, & Hommel, 2013͖ Pohl et al., 2014). Nevertheless, 
our study remains correlational in nature and therefore it is crucial for 
future studies to eǆamine the possible causal nature of our observed group 
differences. To this end, it is highly advisable to carry out training studies 
wherein action cascading performance of NV'Ps is trained via AV' and 
thereafter compared with that of NV'Ps trained in with control 
intervention. Perhaps better, longitudinal studies could assess whether and 
to what eǆtent pre-eǆisting differences between AV'Ps and NV'Ps may 
account for the reported effects on cognitive performance, thereby 
providing this field of research with higher eǆternal validity. Lastly, it would 
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also be interesting to assess whether individual differences in action 
cascading performance can predict gaming performance, as shown in 
Sherry, Rosaen, Bowman, and Huh, (2006), Bowman, Weber, Tamborini, 
and Sherry, (2013), and Sherry and Bowman (2015). 

Second, the fact that participants were aware of participating in a 
study on the effects of playing videogames on cognitive performanceʹ
another main methodological shortcoming in this field of research (Boot, 
Blakely, & Simmons, 2011͖ <ristũĄnsson, 2013) ʹ leads to the possibility that 
the between-groups differences in action cascading performance might 
have been driven by specific eǆpectations and motivational factors. In other 
words, one may argue that AV'Ps outperformed NV'Ps to conform to the 
eǆpectations wrought by their group membership andͬor because they 
were more motivated to perform well. However, as argued elsewhere 
('reen, Strobach, & Schubert, 2014͖ Schubert & Strobach, 2012), for such 
eǆpectancies-driven effects to occur, participants have to be aware of the 
specific hypotheses under investigation and of how such hypotheses would 
translate to the data. &urthermore, this criticism neglects that fact NV'Ps 
may be likewise motivated to perform better than AV'Ps. In any case, the 
fact that the two groups differed only in specific skills such as response 
eǆecution and action cascading, but not in inhibitory control and fluid 
intelligence, undermines an interpretation of our results in these terms. 
Notably, the lack of any AV'PͬNV'P difference in tasks tapping inhibitory 
control and fluid intelligence is consistent with results from a previous 
study in which a completely covert recruitment strategy was used (Colzato, 
van den Wildenberg, �migrod, & Hommel, 2013). Nevertheless, it would be 
informative for follow-up studies to replicate our findings in a conteǆt in 
which participants are totally blind to the nature of the study. 

A third limitation of the present study is the small sample size, 
although comparable to that of other studies e.g., (Chisholm, Hickey, 
Theeywes, & <ingstone, 2010͖ �onohue, Woldorff, & Ditroff, 2010͖ Colzato, 
van Leeuwen, van den Wildenberg, & Hommel, 2010͖ 'reen, Sugarman, 
Dedford, <lobusikicy, & Bavelier, 2012,  Beũũanki et al., 2014͖ Dishra, �inni, 
Bavelier, & Hillyard, 2011), including mostly male participants. Therefore, 
more studies are needed in order to verify the reliability and repeatability 
of our findings in larger samples, possibly balanced for gender. However, it 
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is important to note that the possibility to test samples balanced for gender 
is limited by the fact that males are much more likely than females to 
report playing AV's (see Sherry, Rosaen, Bowman, & Huh, 2006͖ Bowman, 
Weber, Tamborini, & Sherry, 2013͖ Sherry & Bowman, 2015͖ Rogers, 
Bowman, & Oliver, 2015 and above for a possible eǆplanation of why this is 
the case) and, conseƋuently, there do not seem to be enough females with 
AV' eǆpertise to allow for gender-balanced groups. This is why in previous 
cross-sectional groups studies recruitment was restricted to male 
participants (�onohue, Woldorff, & Ditroff, 2010͖ Chisholm, Hickey, 
Theeywes, & <ingstone, 2010͖ 'reen, Sugarman, Dedford, <lobusikicy, & 
Bavelier, 2012͖ Beũũanki et al., 2014). In the present study, we decided to 
include female participants as well, given that a previous study using the 
same task has revealed no gender-related differences in action cascading 
performance (Stock, 'ohil, & Beste, 2015). Importantly, even though it is 
difficult to say whether and to which degree our findings might generalize 
to female players, the imbalance with respect to gender cannot account for 
the observed group differences, as the two groups were matched for 
gender. Again, training studies would be preferable, as they would 
overcome this limitation as well. 

&ourth, in the present study we restricted our hypotheses to AV'Ps 
who played &PS games. This is because it has been suggested that it is in 
particular the first person perspective (as in the &PS games) that allows for 
cognitive-control improvements (Colzato, van Leeuwen, van den 
Wildenberg, & Hommel, 2010). Indeed, success in &PS games reƋuires high 
levels of action control and a fleǆible mindset to rapidly react to moving 
visual and sudden acoustic events, and to switch back and forth between 
different subtasks, both in a serial and in a parallel manner. However, a 
more systematic investigation is needed to verify this hypothesis. 
Specifically, for such a hypothesis to be supported follow-up studies may 
consider to compare action cascading performance between &PS AV'Ps 
and AV'Ps who mainly play third-person shooter games andͬor other types 
of AV's. Related to the this point, it is important to mention that our 
sample of AV'Ps also had more eǆperience with several other types of 
game genres including strategic, role-playing, puzzle and sports games. 
Although this is consistent with previous studies (e.g. �onohue, Woldorff, & 
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Ditroff, 2010͖ Cain, Landau, & Shimamura, 2012), it is difficult to ascertain 
whether the better action cascading performance shown by our AV'Ps is 
specifically due to playing specifically &PS AV's, other games, or a 
combination of them. �ue to such potential within-group variance, it is 
possible that our study was underpowered and, therefore, led to an 
underestimated, relatively small effect size that might seem of little clinical 
significance. &uture studies should aim to decrease within-group variance as 
much as possible. 

A final limitation pertains to the fact that our conclusion that 
playing AV' is associated with improved action cascading performance 
relies on participants͛ performance on a single task. To obtain more reliable 
results, it would be ideal for future studies to confront AV'Ps and NV'Ps 
with different tasks that are reckoned to assess action 
cascadingͬmultitasking performance, as validated, for instance, by 
confirmatory statistical analyses (e.g., confirmatory factor analysis andͬor 
structural eƋuation modelling analyses͖ see Diyake et al., 2000 for an 
eǆample of application of these methods). 

In sum, our findings are promising in suggesting that playing AV' 
can be associated with enhanced action cascading performance, i.e. more 
efficient goal-directed multi-component behavior. As such, our findings may 
represent an important first step in stimulating further research to assess 
whether videogames can be used to optimize cognitive control. 
Importantly, given the importance of action control in daily activities and 
the known difficulties shown by older adults in response selection and 
action cascading processes (Stock, 'ohil, & Beste, 2015͖ Chmielewski, zildiz, 
& Beste, 2014͖ Verhaegen & Cerella, 2002͖ Verhaegen, Borchelt, & Smith, 
2003), our findings can have important practical implications for designing 
interventionͬtraining studies aimed at overcoming or slowing down action 
control deficits associated with aging. 

  


