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Action video game training for cognitive enhancement
C. Shawn Green1 and Daphne Bavelier2,3

Here we review the literature examining the perceptual,

attentional, and cognitive benefits of playing one sub-type of

video games known as ‘action video games,’ as well as the

mechanistic underpinnings of these behavioral effects. We then

outline evidence indicating the potential usefulness of these

commercial off-the-shelf games for practical, real-world

applications such as rehabilitation or the training of job-related

skills. Finally, we discuss potential core characteristics of

action video games that allow for wide learning generalization.
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Introduction
For as long as there have been studies of human percep-

tual and cognitive capacities, there has been simultaneous

interest in whether these capabilities can be improved

[1,2]. And although it is true that nearly all humans will

show clear improvements on an extensively practiced

task, it is typically the case that little to no benefits of

this training are seen on new tasks — even if the new

tasks appear on the surface to be quite similar to the

highly practiced task [3–5]. This general phenomenon

has been observed across domains — from perception

(where for instance, training to identify a target in one

part of the screen may not transfer to a different part of

the screen [6]), to cognition (where training on one

working memory task may not transfer to a different

working memory task [7]), to motor control (where learn-

ing to overcome one type of motor perturbation may not

transfer to a different type of perturbation [8]). Such lack

of generalization across tasks represents a significant

obstacle to the goal of producing real-world training

benefits.

Over the past decade though, instances of much broader

training effects, often engendered by ‘real-life activities’

such as aerobic activity, participation in sports, medita-

tion, music training, or, the focus of this review, playing

certain types of video games, have begun to permeate the

literature [9–12]. Indeed, there is now substantial evi-

dence showing that playing one sub-genre of video

games, so-called ‘action video games’, leads to improve-

ments in a broad set of behavioral abilities that extend

well beyond the confines of the games themselves

[13,14]. Here we provide a brief review of this literature

with a particular emphasis on the breadth of the benefits,

the possible mechanistic underpinnings of the observed

enhancements, the potential for such video games to be

used in practical applications, and the critical character-

istics of action video games that allow for such far-reach-

ing effects to be realized.

What are action video games?
The superordinate category label ‘video game’ encom-

passes an incredibly wide variety of experiences — so

much so that to some extent, the term has no predictive

value at all. Little to nothing can be inferred by merely

knowing that an individual plays ‘video games,’ as ‘video

games’ can mean anything from simplistic matching of

colored blocks on a mobile device up through navigating

highly complex, laboriously designed virtual worlds on

the newest consoles [15]. Researchers across psychology

have thus typically focused their investigations at the

level of specific game genres, wherein games are grouped

by, among other things, commonalities in format, content,

dynamics, and mechanics. In terms of the potential to

alter basic perceptual, attentional, and cognitive abilities,

the majority of the research has centered on the ‘action

video game’ genre. Games within this genre are charac-

terized by complex 3D settings, quickly moving and/or

highly transient targets, strong peripheral processing

demands, substantial amounts of clutter, and the need

to consistently switch between highly focused and highly

distributed attention all while making rapid, but accurate

actions [16].

Studying the effects of action video games
Before outlining the actual effects of playing action video

games, it is worth quickly discussing how studies in this

domain are conducted and conclusions are reached [17].

As is true of the literature on music, aerobic activity,

meditation and sports training — because it is the case

that some individuals, as part of their daily life, choose to
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engage in substantial amounts of action video game play,

while others totally refrain from video game play — it is

thus possible for researchers to conduct cross-sectional

‘experiments of nature’ wherein the perceptual, atten-

tional, or cognitive skills of avid action gamers are com-

pared against those of their non-action game playing

peers. However, while such studies can demonstrate an

association between choosing to play action games and

enhanced performance, they cannot establish that the

relationship is causal. For this, intervention studies are

conducted wherein individuals who do not naturally play

video games are first pre-tested on measures of interest

before being randomly assigned to play either an action

video game or a control video game (a commercial game

matched for general interest, flow, arousal, among others,

but lacking all action components — see Figure 1). Par-

ticipants then play their assigned game for a set period of

time; work in the field has utilized training durations from

10 to 50 hours spaced over the course of weeks to

months — as video game training, like all other forms

of learning is far more effective when practice is distrib-

uted rather than massed [18,19]. Finally, at least 24 hours

after the final play session (the delay ensures that any

transient effects of game play are eliminated as potential

concerns), the individuals are post-tested on the measures

of interest with the critical question being whether the

action trained group improves more from pre-test to post-

test than the control video game trained group.

There are of course many challenges in evaluating the

efficacy of any intervention where it is necessarily the

case that the participants cannot be kept blind to the

content of the intervention — something that is true of all

behavioral interventions, whether the intervention is

based on video games, aerobic exercise, meditation, ath-

letics, or music. For instance, there is always the possi-

bility that it is not the content of the intervention that

leads to improvements per se, but it is instead the

participants’ expectation that they should improve that

causes improvements. And although in the case of action

video games, the preponderance of the evidence to date

has suggested that these confounds cannot explain the

effects observed in the field (e.g. studies where partici-

pants are recruited in such a way that they do not know

their gaming is of relevance tend to show the same effects

as studies where participants are overtly recruited based

on their gaming [20–25]), there is nonetheless always

virtue in improving methodology to minimize the
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Intervention studies to assess a causal relationship between action video gaming and improved behavioral abilities. (a) Participants with little to no

action video game experience, and little overall video game experience, are first pre-tested on the psychological measures of interest (here the

Useful Field of View task — left). The participants are then randomly assigned to play either an action entertainment video game (middle, top) or a

control entertainment video game (middle, bottom) for a specified period of time (typically between 10 and 50 hours, with sessions properly

spaced to avoid the deleterious effects of massed practice). Finally, at least 24 hours after the last gaming session, individuals take the same

psychological measures again. (b) The critical measure is whether individuals in the action group improved more from pre-test to post-test than

individuals in the control group. Here, in the case of the UFOV task, this is true not only a few days after the last video game training session (2+

days), as the effects persist for at least 5 months. *Data replotted from [28,30].
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potential for confounds. The limitations associated with

the current methodological approaches and potential

avenues for improving the status quo have been the

topic of a number of recent publications [26–28], and

have been influential in fostering dialog related to best

practices in behavioral interventions. A fuller discussion

of some of the issues raised can be found in [17], but a

general consensus is emerging around the need for

behavioral training studies to be designed such that

participants are randomly assigned to the experimental

group and to control groups, with at least one control

group being an active group following the same training

schedule, degree of experimenter contact, and (as much

as possible) expectations, as the experimental group.

The use of measures that are not just based on faster

reaction times or higher accuracy is also highly valuable.

For example, some of the conclusions about attentional

control in the action video game literature rest on

differences in performance between conditions (i.e.

interactions) and not just in main effects. Such interac-

tions would be extremely difficult, if not impossible, for

participants to intuit based on their expectations of

performing better and thus concerns related to expec-

tation effects are minimized. A fascinating question

remains, however, given that participants cannot be

kept blind to the content of their intervention. That

question concerns the extent to which leading partici-

pants to believe that the training they will undergo will

make them excel will indeed result in enhanced perfor-

mance and which cognitive domains are/are not suscep-

tible to such effects. Experiments that address the

amount of variance explained solely by expectation

effects would move the field forward by allowing the

proper evidence-based assessment for placebo effects in

the context of behavioral interventions.

Changes in perceptual, attentional, and
cognitive skills
The enhancements associated with playing action video

games range all the way from low-level perceptual skills

up through high-level cognitive flexibility. This includes

improvements in visual sensitivity [24,29], basic perimetry

[20], perceptual decision making [30], speed of processing

[31,32], perceptual simultaneity and temporal order judg-

ments [21], in the capacity to select task relevant information

across space [23,33�,34–36,37�,38] and time [23,33�,39,40],

to overcome attentional capture [41,42] and utilize cognitive

control [25], in the ability to track multiple moving objects

[23,43,44], to mentally rotate complex shapes [36], to re-

member visually presented information [45,46], and to

either rapidly switch between tasks [47�,48–52] or to perform

multiple tasks concurrently [51,53] (although see [54–57] for

failures to find such effects). The available research also

strongly contradicts the popular conception of the ‘trigger-

happy’ video game player who is willing to trade reductions

in accuracy for increased speed. Instead, in tasks that mea-

sure both reaction time and accuracy, action gamers tend to

show decreased reaction times as compared to non-gamers,

but with equivalent levels of accuracy (and higher levels of

accuracy in tasks that measure only percent correct — [31]).

Finally, and critically, the sterile, lab-based tasks that have

been utilized to assess behavioral functions have born little

resemblance to action video games thus demonstrating a

significant degree of learning transfer.

Mechanistic underpinnings of action video
games: ‘learning to learn’
The enhanced performance observed on various tasks

following action video game experience has typically

been framed in the literature as reflecting ‘transfer

effects,’ wherein training on one task conveys an imme-

diate benefit when confronted with a new task. However,

recent work has suggested an alternative viewpoint

wherein action video game experience, rather than pro-

ducing immediate benefits on new tasks, conveys upon

users the ability to more quickly and effectively learn to

perform new tasks. In other words, action video game

players have ‘learned to learn.’ Data consistent with this

alternative framework has been observed in the percep-

tual and the motor domain [58�,59]. In both cases, no

advantage was noted between avid action gamers and

non-action gamers on the earliest trials of a new task

(gabor identification or motor tracking learning). Howev-

er, in both cases, action game player performance im-

proved significantly more rapidly than non-action game

player performance and also reached better asymptotic

levels. Under this viewpoint, ‘learning to learn’ abilities

emerge as a result of enhanced attentional control en-

abling more efficient suppression of sources of noise or

distraction and, thus, faster and more faithful extraction of

task-relevant information [60�,61,62].

Potential practical applications
Given the scope and scale of the observed action video

game benefits, several research groups have examined the

possibility of utilizing off-the-shelf action video games for

practical purposes — either in rehabilitation or for job-

related training. For example, in the area of rehabilita-

tion, action video games have been shown to benefit both

visual capabilities  in adults with amblyopia (in some less

severe cases even resulting in a return to normal acuity)

[63�] and reading capabilities in children with dyslexia

(presumably mediated by changes in visual attentional

abilities, rather than changes in phonological or ortho-

graphic processing) [64]. And in the area of job-related

training, there now exists a burgeoning literature exam-

ining the potential of utilizing action video games as

training tools for laparoscopic surgeons [65–67] or pilots

[68].

Critical features of video games to produce
wide benefits
One significant disadvantage of studying the effect of

media consumption on behavioral abilities is that the
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forms of media consumed do not remain static over time.

This is certainly true of video games, where genres that

previously were quite distinct in terms of content and

mechanics now have considerable overlap. For instance,

although a decade ago fantasy video games were typically

rather slow and turn-based (i.e. the player had an unlim-

ited amount of time to choose and execute a course of

action), today games in the fantasy genre are often, at least

at first glance, relatively indistinguishable from first-per-

son shooter action games (the differences between the

genres today having to do with storyline or player pro-

gression factors). This state of affairs calls strongly for

replacing the genre-based approach to studying video

game effects (e.g. action, real time strategy, among

others) with an approach that focuses on the structural

characteristics that drive behavioral enhancements (struc-

tural characteristics that might be present in games across

many genres) [69,70].

In this endeavor it may be valuable to differentiate be-

tween those structural characteristics of video games that

are common to nearly all effective learning platforms and

those that may be uniquely responsible for the broad

learning generalization discussed above. For example,

all successful video games engender high levels of motiva-

tion and arousal, provide immediate informative feedback,

are intrinsically rewarding, and utilize difficulty levels that

are increased in a manner commensurate with player skill,

with each of these characteristics being known to foster

time-on-task and promote more effective learning [71�].
Because not all video games lead to the degree of learning

generalization described above though, this suggests that

there must be additional game features that foster such

breadth and which are found only in a sub-set of video

games. One possibility is the manner in which variety is

incorporated into some games. In particular, while

researchers have long noted the relationship between

training variety and transfer [4], endless variety would

actually dissuade learning (in that if every situation is

brand new, there is little that can be learned). Instead, it

is possible that there is a critical blend of variety at the level

of stimuli, actions, and inferences, which will prevent

automaticity and thus specificity [72], and structural regu-

larities in the game, which will ensure there is always

something to learn and that which can be learned is

reasonably task independent [73,74]. Another prospect is

the need to utilize attention in a highly flexible, but

controlled manner. In particular, certain classes of video

games require a heightened ability to adaptively switch

attention to different task characteristics as they become

goal relevant or to switch between a highly focused atten-

tional state (e.g. as is essential when engaged with a

particularly difficult enemy) and a more diffuse attentional

state (e.g. when gathering information). By demanding that

players’ employ attention in this flexible manner across a

wide variety of levels of resolution, the games may, in

essence, teach the meta-skill of attentional control.

Conclusions
While standard perceptual or cognitive training para-

digms often produce learning that is highly specific to

the exact context of the trained task, the benefits of action

video game play have been shown to extend well beyond

the confines of the games. Clear enhancements in basic

perceptual skills, in the ability to utilize selective atten-

tion, and in cognitive flexibility have been noted as a

result of action video game play. Although more work on

the real life implications of these effects is needed, the

extent and size of the effects already appear sufficient for

some real-world applications. Recent work suggests that

this breadth is a result of ‘learning to learn’ — wherein

action games teach skills and knowledge that allow new

tasks to be more quickly learned. Current hypotheses

suggest that the critical game characteristics driving this

learning outcome include variety (of stimuli, actions,

inferences, among others) and the need to flexibly utilize

attention (either to switch between different character-

istics as they become task relevant, or to switch between

different states of attention). An important line of future

work will be to test and further characterize those game

characteristics that foster learning to learn.
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