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Abstract
Both short and long-term video-game play may result in superior performance on visual and attentional tasks. To further these
findings, we compared the performance of experienced male video-game players (VGPs) and non-VGPs on a Simon-task.
Experienced-VGPs began playing before the age of 10, had a minimum of 8 years of experience and a minimum play time of
over 20 h per week over the past 6 months. Our results reveal a significantly reduced Simon-effect in experienced-VGPs relative
to non-VGPs. However, this was true only for the right-responses, which typically show a greater Simon-effect than leftresponses. In addition, experienced-VGPs demonstrated significantly quicker reaction times and more balanced left-versusright-hand performance than non-VGPs. Our results suggest that experienced-VGPs can resolve response-selection conflicts
more rapidly for right-responses than non-VGPs, and this may in part be underpinned by improved bimanual motor control.
Keywords Video-games . Simon-task . Simon-effect . Laterality . Visuomotor control . Visuospatial attention

Action video-games place incredible demands on players’ visual and cognitive abilities. Numerous sensory objects must
be appraised simultaneously as relevant or irrelevant to
players’ in-game goals and responded to with quick, precise
bimanual movements. Action video-games are not just populated with static objects, but dynamic avatars under the control
of other video-game players (VGPs). Experimental evidence
demonstrates video-game play may facilitate superior perceptual and cognitive capabilities that generalise beyond the context of video-game play (e.g. Chisholm et al. 2010; Li et al.
2010; Sungur and Boduroglu 2012; for review, see Latham et
al. 2013a) although not all studies have found this (e.g. Gobet
et al. 2014; Murphy and Spencer 2009; van Ravenzwaaij et al.
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2014). Even short periods of video-game play by non-VGPs
can result in improved performance in the same direction as
VGPs, lasting for at least 5 months after video-game play has
ceased (Feng et al. 2007; Spence et al. 2009). Video-game
play has also been found to lead to superior performance on
response-conflict tasks such as the Stroop and Flanker tasks
(e.g. Goldstein et al. 1997; Green and Bavelier 2003).
However, contrary to this, Irons et al. (2011) failed to find
differences between VGPs and non-VGPs on two flanker
tasks. Further, Bailey et al. (2010) have reported evidence that
VGPs possess worse proactive cognitive control than nonVGPs.
There are a number of reasons why the VGP literature
might contain numerous inconsistent findings. For one, differences in methodology, especially in what constitutes videogame expertise, mean sample populations are not entirely
comparable between studies (Latham et al. 2013b). Further,
the effects of video-game training might be observable in only
a narrow range of cognitive domains and tasks (for review, see
Oei and Patterson 2014). However, VGPs might show a narrow range of improvements for another interesting reason, as
developing expertise in humans has been associated with differences in the lateralization of cognitive function (e.g.
Latham et al. 2014; Patston et al. 2006; Patston et al. 2007).
In the following study, we examine the performance of

J Cogn Enhanc (2019) 3:104–110

experienced-VGPs on a Simon-task, to further investigate the
association between experienced action VGPs and these cognitive abilities. We report for the first time that experiencedVGPs demonstrate a reduced Simon-effect for right responses
only, relative to non-VGPs.
The Simon-task (Simon and Rudell 1967) has been extensively used to investigate stimulus-response (S-R) compatibility effects on a variety of performance measures (for review,
see Proctor and Vu 2006). In a standard experimental trial,
participants are presented with a target stimuli containing response information (i.e. left-hand; right-hand) at some spatial
location (i.e. left side-of-space; right side-of-space).
Participants are asked to ignore the position of the stimuli
and react only to the response information. Despite the spatial
information being task-irrelevant, participants consistently
perform more quickly on congruent (e.g. left side-of-space/
left-hand) compared to incongruent (e.g. left side-of-space/
right-hand) trials. This slowing of reaction time (RT) is the
Simon-effect. It reflects the performance cost of an incongruent S-R contingency and is calculated by subtracting congruent trials from incongruent trials.
Two mechanisms, together, have been suggested to underlie the Simon-effect. First, attention-orientation toward a target
stimuli’s location generates a spatial code for that location (De
Jong et al. 1994; Wascher et al. 2001; for alternative account
see Hommel 1993). Second, despite being task irrelevant, this
spatial code generates a response code toward the spatial location of the target stimuli (Proctor et al. 1995; Spironelli et al.
2006). When the required response to a stimulus and the response generated by its spatial location are incongruent, a
conflict occurs during response-selection. This is what underlies the observed Simon-effect.
To our knowledge, only two studies have investigated the
relationship between video-game play and the Simon-effect
with mixed results. First, Bialystok (2006) investigated the
relationship between video-game expertise and frequency of
play on the Simon-effect. She found that while VGPs had
significantly quicker RTs to visual stimuli relative to nonVGPs, there was no significant between-group difference in
the Simon-effect. It is important to note that video-game expertise and frequency of play was only assessed using a selfreport 10-point Likert scale. Those who reported a score of six
and above in both expertise and frequency of play were classified as ‘high’-VGPs. All remaining participants were classified as ‘low’-VGPs. Unfortunately with this method of classification, we cannot ascertain how different VGPs are from
their non-VGP counterparts, or whether those participants
classified as VGPs possess the expertise and frequency of play
required shaping executive processes (Latham et al. 2013b).
More recently, a second study on this topic was conducted
by Hutchinson and colleagues, in which they investigated the
effect of video-game training on the Simon-effect in nonVGPs (Hutchinson et al. 2016). Seemingly in contrast to
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Bialystok, they found that 10 1-h sessions of action videogame training was able to reduce the Simon-effect in nonVGPs. Conversely, non-VGPs who played a non-action video-game, or no video-games at all, showed no reduced Simoneffect.
We predicted that extensive video-game experience should
also be associated with quicker response conflict resolution in
the Simon-task, resulting in a reduced Simon-effect in
experienced-VGPs relative to non-VGPs. If Hutchinson et
al. (2016) are right that only 10 1-h sessions of action videogame training can reduce the Simon-effect in non-VGPs then
experienced-VGPs should be expected to demonstrate a reduced Simon-effect relative to non-VGPs. Further, as we reported earlier VGPs have demonstrated superior performance
on other closely related conflict-oriented tasks in the past (i.e.
Stroop and Flanker).
An often overlooked aspect of the Simon-task that may be
modified by video-game play is the asymmetry of the Simoneffect. The Simon-effect is typically larger for right-responses
than left-responses as a result of the lateralization of cognitive
function (Spironelli et al. 2009; for review see Tagliabue et al.
2007). Neurotypical right-handers typically show quicker performance when using their right-hand relative to their lefthand and superior performance to stimuli in their left-visualfield relative to their right-visual-field. These patterns of performance are thought to reflect the lateralized dominance of
motor initiation to left-hemisphere motor and parietal regions
(Rushworth et al. 2003; Schluter et al. 1998) and visuospatial
attention to the right parietal cortex (e.g. Oliveri et al. 2004; de
Schotten et al. 2011).
Developing expertise in humans can be accompanied by
changes to the lateralization of cognitive function. For example, expert musicians show superior performance on visuospatial tasks (Brochard et al. 2004) and this has been proposed to
result from the reduced lateralized dominance of visuospatial
attention for the right-hemisphere of the brain (Patston et al.
2006, 2007). Recent results have also shown that VGPs also
may show reduced right-hemisphere dominance for visuospatial attention, with a reduced leftward response bias in the linebisection task (Latham et al. 2014). While video-game play
and musical performance are distinct activities, they share key
similarities. Both require the translation of complex visual
cues into precise, rapid bimanual movements, and often begin
during early childhood and continue through adolescence
when the brain is continuing to develop and at its most
malleable.
Typically when playing a video-game, each VGP’s hand
controls an independent element of video-game performance.
For example, when playing a first-person shooter, the lefthand controls a player’s movement and the right-hand controls
their vision. For VGPs, not only are delays in responseselection resulting from the Simon-effect detrimental to ingame success, but so too are performance biases brought
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about by differential capabilities with each hand and for each
visual-field. These biases may lead to a breakdown in the
coordination required to maintain competent in-game control,
or introduce predictable biases into performance that might be
exploitable. As a result, the demands of video-game play may
drive experienced-VGPs to develop more balanced performance with each hand irrespective of the spatial location in
which stimuli appear.
Thus, in the present study, we assess the impact of extensive video-game play on performance asymmetries in the
Simon-task. If the laterality of perceptual and cognitive functions can be shaped by video-game play then experiencedVGPs will show a reduced asymmetry between left-andright Simon-effect responses whereas non-VGPs will continue
to show an asymmetry.

Method
Participants
Sixteen male experienced-VGPs and 16 male non-VGPs participated in the study. Participants were recruited through public advertisement and research participation scheme at the
School of Psychology in the University of Auckland.
Participants were not briefed on the purpose of the study and
were completely naïve to the study’s hypothesis. VGPs were
defined as experienced if they began playing before the age of
13 (M = 7, SE = .60, Min. = 5, Max = 13), had a minimum
8 years of experience (M = 17, SE = 1.28, Min. = 9, Max. =
27), and a minimum play time of 20 h per week over the
previous 6 months (M = 35, SE = 4.69, Min. = 20, Max. =
90). Accepted video-game genres were restricted to firstperson shooters, multiplayer online battle arenas, real-time
strategy games, and massively multiplayer online roleplaying games. Success in these video-game genres requires
rapid bimanual movements in response to complex in-game
visual cues. Non-VGPs were required to little-to-no videogame experience (maximum of 1.5 years of video-game play
experience). None of our non-VGPs reported any video-game
experience. Individuals were excluded if they were lefthanded or had received any music lessons or musical training.
Females were eligible to participate in the experiment but
none met the experienced-VGP criteria.
There were no statistical differences between experiencedVGPs and non-VGPs for age (VGPs: M = 24, SE = 1.11; nonVGPs: 25, SE = 1.39), years of education (VGPs: M = 15,
SE = 2.33; non-VGPs: M = 16, SE = 1.97), or handedness as
established by the Edinburgh Handedness Inventory (VGPs:
M = 91, SE = 2.14; non-VGPs: M = 87.19, SE = 3.89; Oldfield
1971).
Ethical approval for this study was obtained from the
University of Auckland Human Participants Ethics
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Committee. Informed written consent was obtained from all
participants prior to testing. All participants were naïve to the
study’s hypotheses. The experiment was performed in a dedicated behavioural testing lab within the School of Psychology
at The University of Auckland.

Materials and Procedure
Participants were seated 57 cm away from the monitor (a 22in. Samsung computer monitor, 1920 × 1080 pixel resolution,
60 Hz refresh rate). The procedure was run on E-Prime.
Stimuli appeared either in the left-visual-field or right-visualfield with their midpoint located 7° from a central fixation
cross. Participants were instructed to maintain their gaze on
the central fixation cross throughout the experiment. Each trial
was separated by a random inter-trial interval between 1200
and 1400 ms. Stimuli were white arrows presented on a black
background for 200 ms. Arrows were 1° in length and .6° in
height. Following each presentation, participants had up to
1000 ms to make a response. On trials where the arrowhead
faced left, participants were instructed to respond by pushing
the ‘D’-key with their left index-finger and when the arrowhead faced right, participants were instructed to respond by
pushing the ‘L’-key with their right index-finger. Participants
were given a practice block of 16 trials and completed a single
experimental block of 400 randomised experimental trials,
100 of each of four experimental conditions: left-hand/ leftvisual-field, right-hand/right-visual-field, left-hand/right-visual-field, and right-hand/left-visual-field.

Analyses
Correct responses were those key presses occurring after stimulus presentation that matched the response required by the
stimulus arrowhead. RTs faster than 150 ms were considered
anticipatory responses and excluded from analyses (< 1%).1
RTs were analysed using a split plot analysis of variance
(ANOVA) with a between-subject factor of group (experienced-VGPs, non-VGPs) and within-subject factors of response hand (left-hand, right-hand) and stimulus visual-field
(left-visual-field, right-visual-field). The Simon-effect is represented by the two-way interaction between the withinsubjects factors hand and visual-field. Group differences in
Simon-effect are represented by the three-way interaction between group, hand and visual-field.

1
In order to assess the robustness of our findings we also reran the analyses
excluding all RTs >2SD above the mean. Excluding these RTs from the analyses had no impact on our reported results. We would like to thank an anonymous reviewer for this suggestion.
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Results
Percentage accuracy for both experienced-VGPs (M = 90.81,
SE = .87) and non-VGPs (M = 91.94, SE = 1.18) was high and
did not differ significantly, F(1,30) = .589, p = .449.
Subsequent analyses were performed on correct trials only,
which correctly represented performance of the Simon-task.
Analysis of RT data revealed significant main effects of
group (F(1,30) = 9.081), p = .005, and visual-field
(F(1,30) = 5.474), p = .026. RTs were significantly quicker
for experienced-VGPs (M = 417.52, SE = 12.85) than nonVGPs (M = 472.22, SE = 12.84). RTs were slightly slower
for left-visual-field stimuli (M = 447.24, SE = 8.78) than
right-visual-field stimuli (M = 442.29, SE = 9.45).
There was a significant two-way interaction between group
and hand (F(1,30) = 4.998), p = .033, and hand and visualfield (Simon-effect; F(1,30) = 57.485), p < .001. Consistent
with our predictions, experienced-VGPs were not only significantly quicker than non-VGPers, they responded just as
quickly with their left-hand as their right-hand, p = .729.
Non-VGPs displayed an asymmetry in hand performance,
responding significantly quicker with their right-hand than
their left-hand, p = .009, (see Fig. 1).
Consistent with the Simon-effect, RTs with the left-hand
were significantly quicker to left-visual-field stimuli (M =
437.01, SE = 8.81) than right-visual-field stimuli (M =
460.17, SE = 10.88), p < .001, and RTs with the right-hand
were significantly quicker to right-visual-field stimuli (M =
424.83, SE = 8.85) than left-visual-field stimuli (M = 457.47,
SE = 9.54), p < .001. Stimuli in the left-visual-field were
responded to significantly quicker with the left-hand than
right-hand, p < .001, and right-visual-field stimuli were
responded to significantly quicker with the right-hand than
left-hand, p < .001.
Importantly, there was a significant three-way interaction
between group, hand and visual-field (group and Simoneffect; F(1,30) = 4.355), p = .045. When examining responses
to stimuli presented in the left-visual-field only (see Fig. 2),
there was a significant main effect of group (p = .002) and a
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Fig. 1 Mean reaction time by hand used for experienced-VGPs and nonVGPs. Error bars represent standard error

significant main effect of hand (p = .002), consistent with the
Simon-effect, but no significant hand by group interaction
(p = .731). In contrast, when examining responses to stimuli
presented in the right-visual-field only, there were significant
main effects of group (p = .011) and hand (p < .001), but also a
significant hand by group interaction (p = .006). While there
was no significant difference between the two groups when
responding to right-visual-field stimuli with their right-hand,
the non-VGPs showed a greater degree of slowing when
responding to right-visual-field stimuli with their left-hand,
relative to the experienced-VGPs. In other words,
experienced-VGPs showed a significantly reduced Simoneffect to stimuli presented in their right-visual-field (see
Fig. 2).

Discussion
In this study, we examined the relationship between extensive
video-game play and the Simon-effect. Consistent with
Hutchinson et al. (2016), our experienced-VGPs displayed a
significantly reduced Simon-effect relative to non-VGPs. We
also examined the relationship between extensive video-game
play and asymmetry in the Simon-effect. It has been repeatedly shown that the Simon-effect is typically larger for rightresponses than for left-responses (Spironelli, et al. 2009, for
review see Tagliabue et al. 2007). Our results show for the first
time that only the Simon-effect for right-responses is significantly reduced in experienced-VGPs.
One contributor to the asymmetry in the Simon-effect is
neurotypical right-handers quicker performance with their
right-hand relative to their left-hand. The non-VGPs in this
study produced significantly quicker RTs with their righthand, relative to their left-hand. However, consistent with
our predictions, experienced-VGPs showed no asymmetry
for hand performance, with no difference in RTs between
hands. Experienced-VGPs also produced quicker RTs with
both hands relative to non-VGPs (e.g. Green and Bavelier
2003; Sungur and Boduroglu 2012). Action video-games require players to make quick time-pressured bimanual responses in response to complex in-game cues. Failure to make
the correct response quickly often results in failure. Similarly,
differential hand performance can adversely impact the
player’s in-game control and introduce biases into performance that can be exploited by other players. It is possible
the ability of experienced-VGPs to make quicker responses
with both hands to visual stimuli is the result of prolonged
training under these conditions. However, future trainingstudies are required to test this hypothesis.
Another contributor to the asymmetry in the Simon-effect
is neurotypical right-handers superior performance for stimuli
in their left-visual-field relative to right-visual-field (e.g.
Oliveri et al. 2004; de Schotten et al. 2011). Surprisingly our
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Fig. 2 Mean RT by hand used for
left-visual-field and right-visualfield for experienced-VGPs and
non-VGPs. Error bars represent
standard error
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results failed to find any left-visual-field performance bias.
Instead, both experienced-VGPs and non-VGPs performed
slightly better in the right-visual-field. While the performance
of experienced-VGPs was consistent with previous research
(e.g. Latham et al. 2013c, 2014), the performance of nonVGPs performance was not. This might indicate the leftvisual-field performance bias is not entirely typical of the general population. The non-VGPs in this study lacked any videogame experience, had no formal musical training and were
well-educated. It is possible that individuals in this age-band
with no video-game experience or musical training comprise a
special sub-population in their own right. Future research
using non-VGPs should consider characterising this sample
in more detail, in order to uncover what factors might be
contributing to the presentation of various performance biases.
Consistent with previous Simon-task research (e.g. Simon
and Rudell 1967; Spironelli et al. 2006) performance in both
groups was superior when the required response to the stimuli
and its spatial location were congruent and not incongruent.
While the stimuli’s spatial location is task irrelevant, it automatically generates a response code for that same direction.
When this automatically generated response code differs from
the required response code, a conflict occurs and responseselection must be made. In the current study, experiencedVGPs demonstrated a smaller Simon-effect than non-VGPs
for right-responses. This suggests the response-selection conflict associated with these responses might be more rapidly
resolved by experienced-VGPs.
A significant aspect of the Simon-effect finding in
experienced-VGPs is it suggests superior performance by
experienced-VGPs is not just the result of quicker responding
to visual cues. Instead, in the context of right-responses,
experienced-VGPs might be able to better screen out the response code generated by the stimuli’s spatial location on the
screen, or prevent it from being activated at all. It might appear
strange there was no reduction in the Simon-effect for leftresponses. As noted earlier, differential performance might

Non-VGPs

VGPs

Non-VGPs

adversely impact experienced-VGPs as it introduces biases
into their performance that can be exploited. The reduction
in the Simon-effect for right-responses only results in a more
balanced Simon-effect in experienced-VGPs. Once again, it is
possible this could be the result of prolonged training under
these conditions, but future training-studies are required to test
this hypothesis.
The reduced Simon-effect for right-responses shown by the
experienced-VGPs in our study is in contrast to the findings of
Bialystok (2006). The lack of demonstrable video-game experience of Bialystok’s VGPs may explain why they did not
observe the same result. In the present study, we recruited
experienced-VGPs to examine the impact of extensive
video-game play on the Simon-task and asymmetry in the
Simon-effect. VGPs were considered experienced if they began playing before the age of 10, had a minimum 8 years of
experience, and were required to have a minimum play time of
20 h per week over the last 6 months. All experienced-VGPs
recruited into this study would have met the criteria to be
included as VGPs in the majority of reported VGP studies,
which require comparable—or fewer—hours of game-play
(e.g. Chisholm et al. 2010; Li et al. 2010). However, many
VGPs recruited for those studies would not meet our criteria
for experienced-VGPs.
It is possible that the enhanced performance of the experienced-VGPs, as with all expertise-related research, is the result of some pre-existing characteristic rather than extensive
task training/performance (for review targeted at video-game
expertise see Boot et al. 2011). However, as reported earlier,
10 1-h sessions of action video-game play training appears to
improve Simon-task performance in the same direction as our
experienced-VGPs (Hutchinson et al. 2016). Further, studies
have shown the benefits of these small periods of video-game
play can be long-lasting (Feng et al. 2007; Spence et al. 2009),
though it is rare to see these benefits generalise to other cognitive domains and tasks (for review see Oei and Patterson
2014). Together, this suggests it is possible that a
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predisposition for video-game play, while perhaps sufficient,
is not necessary to alter cognitive performance. Instead videogame experience, under certain circumstances, might generalise as superior performance in a variety of tasks.
In summary, success in action video-game play requires
players to make quick time-pressured bimanual responses in
response to complex in-game visual cues, and the ability to
rapidly resolve response-selection conflicts that arise from incongruent S-R contingencies. The balanced left-versus-righthand performance and smaller Simon-effect for rightresponses exhibited by experienced-VGPs in this study might
be the result of extensive training under these conditions.
However, future training-studies are required to test these
hypotheses.
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