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Abstract

Our daily actions are driven by our goals in the moment, constantly forcing us to choose among various options.
Attention and working memory are key enablers of that process. Attention allows for selective processing of
goal-relevant information and rejecting task-irrelevant information. Working memory functions to maintain
goal-relevant information in memory for brief periods of time for subsequent recall and/or manipulation.
Efficient attention and working memory thus support the best extraction and retention of environmental in-
formation for optimal task performance. Recent studies have evidenced that attention and working memory
abilities can be enhanced by cognitive training games as well as entertainment videogames. Here we review key
cognitive paradigms that have been used to evaluate the impact of game-based training on various aspects of
attention and working memory. Common use of such methodology within the scientific community will enable
direct comparison of the efficacy of different games across age groups and clinical populations. The availability
of common assessment tools will ultimately facilitate development of the most effective forms of game-based
training for cognitive rehabilitation and education.

Introduction

Attention defines our ability to focus on goal-relevant
information and simultaneously ignore distracting, goal-

irrelevant information. It thus serves as a gateway for se-
lective information processing.1–4 Working memory (WM),
in turn, is closely linked to attention, in that information that
survives the attentional filter is accessible for maintenance
over brief periods of time to be retrieved or manipulated for
purposes of guiding subsequent goal-directed behavior.5–7

As such, efficient attention and WM functions allow us to
navigate complex and dynamic environments. Given the
fundamental importance of these cognitive faculties, many
recent neuroscientific investigations are focused on studying
ways in which we can improve our attentional or executive
control abilities. In recent years, regular action videogame
play in young adults has emerged as an activity that has
consistently been shown to be associated with superior at-
tention capacities.8–15 In parallel, other investigators have
developed and evaluated novel, computer-based games
designed specifically to ameliorate neurophysiological def-
icits in cognitive control, such as those observed in normal
aging.16–18 Of note is that although most of the studies are
behavioral investigations, some have combined neuro-
physiological measurements with cognitive behavioral as-

sessments. These studies provide important insights into the
brain plasticity mechanisms that engender the performance
enhancements.18–20

This mini-review outlines some key experimental para-
digms used by neuroscientists to evaluate the impact of vi-
deogames and game-based training programs on attention
and WM function in humans. It describes cognitive probes
used to assess different aspects of attention, followed by those
that evaluate WM. Aspects of selective attention include
spatial attention (focusing attention on a specific location in
the visual field), temporal attention (selective focus on stimuli
appearing at specific points in time), object-based attention
(focus on organized groups of information), and sustained
attention (focus on a simple task for prolonged time periods).
In the WM paradigms, the goals are to encode and maintain
task-relevant information, which is subsequently probed after
varying time delays. WM is evaluated in both visual and
verbal contexts.

Attention

Spatial attention

Many gaming-related influences on spatial attention have
been evaluated using the Useful Field of View (UFOV) task.21
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This computerized assessment was originally developed to
gauge safe driving performance in older adults and has been
used to assess the impact of explicit speed of processing
training developed for older adults.22–24 The task is divided
into three subtests (Fig. 1):

1. In the first subtest the participant is required to identify
a target of varying duration, either a car or truck, pre-
sented in a fixation box. This simple subtest measures
the speed of visual processing.

2. In the second subtest, the participant is simultaneously
presented with a central and a peripheral target (car)
located along any one of eight radial spokes (four car-
dinal and four oblique) at any visual eccentricities of
10�, 20�, or 30�. The participant reports both the identity
of the central target and the location of the peripheral
target. This subtest assesses the ability to distribute at-
tention throughout the visual field. The duration of
stimulus display is varied to measure speed of proces-
sing for this divided attention task.

3. The third subtest is the same as the second subtask with
the exception that the peripheral target is embedded in
distracters, and this subtest assesses selective attention
to spatial targets amidst distractions.

Performance on the UFOV task is expressed in terms of the
minimum duration required to complete each of the three
task subtests. Green and Bavelier9,25 showed that action vi-
deogaming experience improves performance on all subtests
of the UFOV, but especially on the third subtest, which re-
quires selection of a target among distractors. It is notable that
the investigators showed benefits to peripheral visuospatial
attention at far lateral eccentricities that were outside the vi-
sual field of typical gameplay. Furthermore, action video-
game players (AVGPs), unlike non-game players (NVGPs),
did not compromise performance on the primary (central)
task while also performing the peripheral tasks in the second
and third subtests, revealing efficient multitasking abilities.
Of note is that these UFOV benefits were not replicated in two
recent studies,26,27 which compared videogame experts (and

also lab-trained gamers26) with NVGPs. These studies, how-
ever, included participants with a combination of action and
non–action game playing experience, so it remains possible
that the impacts observed by Bavelier and colleagues are
specific to AVGPs.

Another recently developed task that probes spatial
attention is the ‘‘Swimmer task.’’11 Here participants view a
wide-field array of swimmers (15 or 30 swimmers in low
and high perceptual conditions, respectively) moving in a
random trajectory around the visual array. Participants de-
tect non-swimmer targets displayed on half the trials (one non-
swimmer appearing per non-swimmer target trial) at 10�, 20�,
or 30� visual eccentricity. AVGPs consistently demonstrated
better task performance than NVGPs on this task as well,
suggesting superior capacities for distributed spatial attention.

Temporal attention

Assays of temporal attention focus on the ability to allocate
attention to targets appearing successively in time. Outcome
measures evaluate the detection accuracy at various lag time
intervals between two successive targets. The main paradigm
used to assess this skill is the attentional blink task.9,28–30 This
task consists of rapid serial visual presentation of items at the
center of the screen. One or two target letter/number items
(T1 and T2) are embedded sequentially amid distracter let-
ters. The T2 target is presented at varying delays post-T1. T1
and in some cases T231 are usually in white font, whereas
distractors are in black font. Accurate detection of T2, fol-
lowing correct identification of T1, is observed at various T1–
T2 time lags. Attentional blink investigations have previously
shown better performance in AVGPs9,30,32 but not in players
of mixed action and non-action videogames.26 The underly-
ing mechanism, however, remains uncertain as to whether
these abilities in AVGPs stem from faster sensory proces-
sing,33 superior attention in time, or both of these processes.15

Of note is that spatial and temporal attention can also be
studied in combination using rapid serial visual presentation
streams at different visual field locations.19

FIG. 1. Experimental layout for the three subtests of the Useful Field of View task (see Dye and Bavelier30 for an adapted
version of this task using fewer distractors and a higher-acuity central task).
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Participants detect rapidly streaming occasional targets at
a specific attended location (infrequent numbers interspersed
among letters). AVGPS again outperformed NVGPs on this
task. Furthermore, electroencephalographic (EEG) recordings
revealed that AVGPS suppressed neural processing of unat-
tended peripheral visual stimuli to a much greater extent than
control participants. These findings suggested that the supe-
rior target detection capabilities of AVGPs can be attributed
to enhanced suppression of distracting irrelevant informa-
tion. Such results highlight how a combination of behavioral
and neurophysiological assays provide greater insights into
training-induced impacts on attention.

Object-based attention

Motion Object Tracking serves as an ideal task to assay
attention to objects. It requires continuous attention to several
targets in the presence of non-target distractors. Participants
track a precued subset of moving objects (one to seven circles)
among many identical items (16 circles) (Fig. 2). At the end of
each trial, participants indicate whether a probed item (col-
ored white) belonged to the original target or distractor set.
Note that in this Motion Object Tracking design, unlike oth-
ers, participants are not asked to recall each initially cued
target, thus minimizing the role of WM and providing a more
objective measure of object tracking. Overall, the ability to
track moving objects is enhanced by action videogame play in
adults25,26,32 and in children.30,34

Sustained attention

Sustained attention is the ability to consistently maintain
attention on an elementary, even boring, task over long pe-
riods of time. The Test of Variables of Attention (T.O.V.A.�,
The TOVA Company, Los Alamitas, CA) is a standardized
task used for this purpose.35 The T.O.V.A. is a two-segment
task; targets are presented rarely in the first segment (one per
3.5 non-target presentations) and appear often in the second
segment (3.5 targets per non-target). The two T.O.V.A. seg-
ments respectively measure sustained attention (to stay on
task and respond speedily to infrequent targets) and impul-
sivity (to withhold responses to non-targets when most
stimuli are targets). The T.O.V.A. can be administered in ei-
ther the visual or the auditory domain. The visual version

uses squares presented above or below fixation as targets and
non-targets, respectively, whereas the auditory T.O.V.A. uses
392-Hz target tones amid 262-Hz non-targets. Dye et al.36

used the visual T.O.V.A. to demonstrate that AVGPs exhibit
faster response times than non-gamers on both segments of
the T.O.V.A. and also retain equivalently high accuracies as
the control group. The extent of generalization of these sus-
tained attention effects to the auditory modality is unknown
and would benefit from further exploration.

Many other sustained attention tests have been used in the
literature, such as the Continuous Performance Test in the
MATRICS Schizophrenia Assessment Battery,37 the Sus-
tained Attention to Response Task,38 and the card identifi-
cation task in the Cogstate Battery.39 These tests could be
considered to assess the impact of games on attention.
However, all of these tests use more complex stimuli than the
T.O.V.A., and the MATRICS Continuous Performance Test
also includes WM demands, so it may not provide the purest
measure of sustained attention. It is recommended that re-
searchers consider these issues before incorporating such
tests into their experimental batteries.

WM

Visual WM

Berry et al.18 recently reported that game-based, visual
perceptual discrimination training improves visual WM in
older adults. The study evaluated outcomes in a training
versus untrained control group using a delayed-recognition
WM paradigm. Participants encoded and maintained a
briefly presented motion cue and determined if a motion
probe presented after a delay of several seconds matched the
original cue. The task consisted of three main WM manipu-
lations: (1) NI, no interference stimulus displayed during the
intervening delay; (2) DS, a distracting stimulus (circular dot
swirl) presented within the delay that participants ignored;
and (3) IS, an interrupting stimulus (circular dot swirl) pre-
sented in the delay that participants attended and discrimi-
nated (to be a fast or slow swirl) (Fig. 3). The three task
conditions—NI, DS, and IS—were incrementally more diffi-
cult. Results showed significant WM benefits on the NI con-
dition in trained participants. Furthermore, EEG recordings
indicated more efficient early visual processing to encoded

FIG. 2. An example trial of the Motion Object Tracking task, where three items (cued white) are required to be tracked. At
the end of the trial, participants respond whether probed item (labeled ‘‘?’’) belonged to the initial cued subset.
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stimuli exclusively in trained participants that were directly
correlated to the training-related WM improvements.

Training-related impacts on visuospatial WM in the face of
distractions can be probed using the Filter task.40 Participants
briefly view a spatial array of colored objects (red and blue
rectangles) and are instructed to exclusively attend to targets
(red) and ignore distractors (blue). After a delay, participants
indicate in a probe array if any target changed from the cue
array (in orientation). Participants perform the task at varying
target distractor ratios while keeping the total size of the ar-
ray constant. Preliminary data on this task from the Bavelier
laboratory suggest greater visuospatial WM in AVGPs com-
pared with NVGPs.41 However, much future research is re-
quired to establish if AVGPs indeed have enhanced visual
WM functions.

Verbal WM

Tests of verbal WM have been primarily derived from the
neuropsychological literature. The Digit Span and Letter
Number Sequencing (LNS) tests42 require participants to re-
peat back a sequence of numbers, or a random mix of letters
and numbers (LNS), spoken by the experimenter in either the
order they were presented (forward span), reverse order
(backward span), or ascending order of numbers and al-
phabetical order of letters. These tests have been incorpo-
rated in various verbal WM test batteries showing training

related benefits in children (forward span43) and older
adults (backward span and LNS17) but may not be suited for
healthy young adults who perform near ceiling on these
measures. Alternatively, the Auditory Consonant Trigrams
test44 has been characterized as a sensitive outcome measure
in both young and older adults.45 In brief, the Auditory
Consonant Trigrams test is a delayed recall test with an
additional secondary task; participants recall a set of three
shuffled letters after a 0/9/18/36-second delay and addi-
tionally perform a backward count from a specific number
during the delay.

The Operation Span (OSPAN)46 and N-back tasks are more
sensitive tasks for a young participant cohort. The OSPAN is
a dual-task test, requiring participants to maintain a sequence
of words in memory while checking the validity of simple
math equations. At the end of each trial, participants are
probed with a word sequence and indicate if the probe se-
quence matches the input word order. Basak et al.47 showed
that real-time strategy videogame training in older adults
improved performance on this task. However, no perfor-
mance benefits were observed on the OSPAN in a study by
the same group on young videogame experts or lab-trained
gamers who played a combination of action and non-action
games.26 It remains to be tested whether AVGPs exclusively
show performance benefits on the OSPAN. Alternatively,
different training regimens may be needed to enhance verbal
WM compared with visuospatial WM.41

FIG. 3. Experimental layout for the delayed-recognition paradigm used to assess visual working memory. The NI, DS, and
IS conditions are presented in separate blocks. Stimuli presented in the DS and IS conditions are identical; however, in the
latter condition participants respond to the interrupting stimulus with a button press (depicted as an encircled gray button in
IS, DELAY 2) when the speed of the distracting swirling dots was fast.
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The N-back task is a popular WM assessment in which a
sequence of stimuli is continually presented and participants
discriminate whether the current stimulus matched a stimu-
lus presented N items previously. The task is complex re-
quiring encoding, temporary maintenance and rehearsal,
tracking of serial order, updating, and comparison and re-
sponse processes for continuously presented stimuli. Two-
back and three-back tasks are commonly used to challenge
WM in young adults. Boot et al.26 found a positive but non-
significant trend for better WM performance in videogaming
experts (playing both action and non-action) using a visuo-
spatial version of the two-back task in which participants
indicated if the location of the current stimulus matched that
presented two items back (Fig. 4).

It is notable that N-back tasks have themselves been used
as training tasks (for review, see Klingberg48) and have
shown significant transfer of benefit on assessments of fluid
intelligence49 and of interference resolution50 in young adults.
Jaeggi et al.49 trained participants on a demanding dual N-
back task, where participants simultaneously tracked the lo-
cation of visual squares and the identity of spoken auditory
consonants. Significant training benefits were hypothesized
to result from the challenging dual-task nature of the task as
well as constant engagement of visuospatial and verbal ex-
ecutive processes. The study of Persson and Reuter-Lorenz50

used a verbal three-back training task that contained many
interfering non-target trials, where stimulus identity could
match two/four/five-back stimuli. Of note is that significant
training gains were only observed for participants who per-
formed the three-back task with interference, but not for
participants who performed three- or one-back task versions
with no interference.

Conclusions

Here we have described several task paradigms that have
been and are currently in use by cognitive neuroscientists to
assess game-based training-related influences on attention
and WM processes. These paradigms are predominantly de-
signed by independent cognitive neuroscience laboratories
with open-source sharing among researchers. Some probes,
especially those for sustained attention and for verbal WM
abilities, are modules in standardized neuropsychology
compendiums, providing the advantage of comparisons with
age-normalized scores. Comparisons with age-normed data
inform whether study results conform to or deviate from the

behavior of the general population at a specified age. Despite
the caveat that the cognitive neuroscience-based paradigms
are non-standardized, they are internally controlled in
rigorous studies because they usually compare pre- versus
post-training measures and additionally incorporate control-
training groups. Control groups are necessary as retesting on
a previously taken test usually generates better performance
because of prior test familiarity and practice (termed ‘‘practice
effects’’). Training group performance must significantly
differ from practice effects in the control group to infer a
significant impact of training. Performance training gain can
be calculated as equal to ([post-training – post-control] – [pre-
training – pre-control]), and the effect size as equal to (train-
ing gain/intra-subject standard deviation).51 As more studies
in the budding field of human cognitive training utilize these
paradigms consistently, meta-analyses regarding the com-
parative efficacies of different training regimens will become
possible.

A recent commentary on videogaming research suggested
that some of these studies have inherent methodological
flaws.52 In reality, design choices for all training studies, be it
gaming or other behavioral interventions such as physical
exercise,53 music training,54 or WM training,48,49 require care-
ful thought to include the most sensitive assessment measures,
assign appropriate matched training to the control group, and
follow the best alternate practices when participants cannot be
blinded. Green and Bavelier10 have discussed best practices in
the field in light of these various challenges and highlight how
prior gaming studies best addressed these issues.

We emphasize that the tasks listed here in no way form a
complete assessment battery and are exclusively focused on
testing specific aspects of attention and WM in game/training
studies. In this mini-review we also have not discussed
paradigms that probe other nuances of attention such as
interactions between top-down/voluntary attention and
bottom-up/stimulus-driven attention12,14 or paradigms that
study how attention resources are differentially allocated be-
tween gamers and non-gamers.9,36 Other cognitive functions
relevant to game/training research include speed of process-
ing, long-term memory, task switching, multitasking, reason-
ing ability, and, importantly, training generalization to daily
life function, which have not been addressed here. While for-
mulating a new test battery with the multitude of cognitive
tests available, researchers are encouraged to consider test
sensitivity in specific participant populations, as well as total
administration time to minimize participant fatigue.

FIG. 4. Example of a visuospatial two-back working memory task. Participants sequentially view each display and press a
button when the square appears at the same location as in two displays back. Two-back displays where participants should
respond are indicated with the label ‘‘visual target.’’
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As is evident in this review, action videogame training has
been shown to benefit many aspects of attention, although its
impacts on WM remain to be rigorously evidenced. It is in-
teresting that recent neuroscientific findings have shown that
modulation of early attention processes can strongly impact
subsequent WM (for reviews, see Gazzaley6 and Gazzaley
and Nobre7). Training at the perceptual level has been evi-
denced to result in WM benefits in older adults.18 Thus, it can
be hypothesized that AVGPs would show WM benefits. In-
vestigations of comprehensive cognitive-gaming induced
outcomes on WM measures in aging are currently under way
in the Gazzaley lab.

As more studies document the robustness of gaming-in-
duced benefits on attention and WM, this may in turn guide
game developers to generate games that specifically target
these abilities and that can then be applied to various real-
world situations. Of note, but not discussed in this review, is
that cognitive control has also been shown to be significantly
enhanced by physical exercise in adults (for reviews, see
Kramer and Erickson53 and Hillman et al.55) and children,56

by musical training,57–59 and by meditation-based ap-
proaches.60–62 Perhaps in the future a combined approach
utilizing both game-based training and these alternative
training procedures may prove most useful for training older
populations and children and adults with attention deficits
and workforce training such as for military personnel and
even surgeons,63 as well as other application to various
neurological and psychiatric disorders. At the same time,
research studies, especially those that are performed in
combination with neuroimaging measures (EEG and/or
functional magnetic resonance imaging), are expected to en-
hance our understanding of the underlying neural plasticity
of the involved brain systems. By characterizing these plas-
ticity mechanisms, we aim to gain insights into both the
neural benefits and limitations of various training strategies
and to maximize the learning potential of the human brain.

Acknowledgments

This project was funded by the Sandler Foundation and
National Institutes of Health Fogarty International Center
grants to J.M., by the Office of Naval Research, the National
Eye Institute, and James S. McDonnell Foundation grants to
D.B., and by American Federation for Aging Research, The
Ellison Medical Foundation, and Posit Science grants to A.G.

Author Disclosure Statement

J.M. is a part-time senior research fellow at the Brain Plasti-
city Institute, San Francisco, a company that develops cognitive
training software. A.G. and D.B. are consultants for Akili In-
teractive Labs, a company that develops approaches for various
health areas, including cognition. J.M. has a patent pending for
methods of suppressing irrelevant stimuli; D.B. has two patents
pending, one for action-videogame-based vision training and
one for mathematics training; and A.G. has a patent pending
for a game-based cognitive training intervention: ‘‘Enhancing
cognition in the presence of distraction and/or interruption.’’

References

1. Desimone R, Duncan J. Neural mechanisms of selective vi-
sual attention. Annu Rev Neurosci 1995; 18:193–222.

2. Hillyard SA, Anllo-Vento L. Event-related brain potentials in
the study of visual selective attention. Proc Natl Acad Sci U
S A 1998; 95:781–787.

3. Hopfinger JB, Woldorff MG, Fletcher EM, Mangun GR.
Dissociating top-down attentional control from selective
perception and action. Neuropsychologia 2001; 39:1277–1291.

4. Kastner S, Ungerleider LG. The neural basis of biased
competition in human visual cortex. Neuropsychologia
2001; 39:1263–1276.

5. Baddeley A. Working memory: Looking back and looking
forward. Nat Rev Neurosci 2003; 4:829–839.

6. Gazzaley A. Influence of early attentional modulation on
working memory. Neuropsychologia 2011; 49:1410–1424.

7. Gazzaley A, Nobre AC. Top-down modulation: Bridging
selective attention and working memory. Trends Cogn Sci
2012 ;16:129–135.

8. Greenfield PM, DeWinstanley P, Kilpatrick H, Kaye D. Ac-
tion video games and informal education: Effects on strate-
gies for dividing visual attention. J Appl Dev Psychol 1994;
15:105–123.

9. Green CS, Bavelier D. Action video game modifies visual
selective attention. Nature 2003; 423:534–537.

10. Green CS, Bavelier D. Learning, attentional control and ac-
tion video games. Curr Biol 2012; 22:R197–R206.

11. West GL, Stevens SA, Pun C, Pratt J. Visuospatial experience
modulates attentional capture: Evidence from action video
game players. J Vis 2008; 8:13.1–13.9.

12. Chisholm JD, Hickey C, Theeuwes J, Kingstone A. Reduced
attentional capture in action video game players. Atten
Percept Psychophys 2010; 72:667–671.

13. Spence I, Feng J. Video games and spatial cognition. Rev
Gen Psychol 2010; 14:92–104.

14. Chisholm JD, Kingstone A. Improved top-down control re-
duces oculomotor capture: The case of action video game
players. Attent Percept Psychophys 2012; 74:257–262.

15. Hubert-Wallander B, Green CS, Bavelier D. Stretching the
limits of visual attention: The case of action video games.
WIREs Cogn Sci 2011; 2:222–230.

16. Mahncke HW, Connor BB, Appelman J, et al. Memory en-
hancement in healthy older adults using a brain plasticity-
based training program: A randomized, controlled study.
Proc Natl Acad Sci U S A 2006; 103:12523–12528.

17. Smith GE, Housen P, Yaffe K, et al. A cognitive training program
based on principles of brain plasticity: Results from the Im-
provement in Memory with Plasticity-based Adaptive Cognitive
Training (IMPACT) study. J Am Geriatr Soc 2009; 57:594–603.

18. Berry AS, Zanto TP, Clapp WC, et al. The influence of per-
ceptual training on working memory in older adults. PLoS
One 2010; 5:e11537.

19. Mishra J, Zinni M, Bavelier D, Hillyard SA. Neural basis of
superior performance of action videogame players in an
attention-demanding task. J Neurosci 2011; 31:992–998.

20. Bavelier D, Green CS, Schrater P, Pouget A. Brain plasticity
through the life span: Learning to learn and action video
games. Annu Rev Neurosci 2012; 35:391–416.

21. Ball KK, Beard BL, Roenker DL, et al. Age and visual search:
Expanding the useful field of view. J Opt Soc Am A 1988;
5:2210–2219.

22. Ball K, Berch DB, Helmers KF, et al. Effects of cognitive
training interventions with older adults: A randomized
controlled trial. JAMA 2002; 288:2271–2281.

23. Willis SL, Tennstedt SL, Marsiske M, et al. Long-term effects
of cognitive training on everyday functional outcomes in
older adults. JAMA 2006; 296:2805–2814.

HOW TO ASSESS GAMES AS COGNITIVE THERAPEUTICS 197



24. Symposium on Mild Cognitive Impairment. Cognitive
training in older adults: Lessons from the ACTIVE Study.
Curr Alzheimer Res 2009; 6:375–383.

25. Green CS, Bavelier D. Effect of action video games on the
spatial distribution of visuospatial attention. J Exp Psychol
Hum Percept Perform 2006; 32:1465–1478.

26. Boot WR, Kramer AF, Simons DJ, et al. The effects of video
game playing on attention, memory, and executive control.
Acta Psychol (Amst) 2008; 129:387–398.

27. Murphy K, Spencer A. Playing video games does not make
for better visual attention skills. J Articles Support Null
Hypothesis 2009; 6:1–20.

28. Raymond JE, Shapiro KL, Arnell KM. Temporary suppres-
sion of visual processing in an RSVP task: An attentional
blink? J Exp Psychol Hum Percept Perform 1992; 18:849–860.

29. Shapiro KL, Raymond JE, Arnell KM. Attention to visual
pattern information produces the attentional blink in rapid
serial visual presentation. J Exp Psychol Hum Percept Per-
form 1994; 20:357–371.

30. Dye MWG, Bavelier D. Differential development of visual
attention skills in school-age children. Vision Res 2010;
50:452–459.

31. Degutis JM, Van Vleet TM. Tonic and phasic alertness
training: A novel behavioral therapy to improve spatial and
non-spatial attention in patients with hemispatial neglect.
Front Hum Neurosci 2010; 4:1–17.

32. Cohen JE, Green CS, Bavelier D. Training visual attention
with video games: Not all games are created equal. In: O’Neil
HF, Perez RS, eds. Computer Games and Team and Individual
Learning. Amsterdam: Elsevier Group Inc.; 2007:205–227.

33. Li R, Polat U, Scalzo F, Bavelier D. Reducing backward
masking through action game training. J Vis 2010; 10. pii: 33.
doi: 10.1167/10.14.33.

34. Trick LM, Jaspers-Fayer F, Sethi N. Multiple-object tracking in
children: The ‘‘Catch the Spies’’ task. Cogn Dev 2005; 20:373–387.

35. Greenberg LM, Waldman ID. Developmental normative
data on the test of variables of attention (T.O.V.A.). J Child
Psychol Psychiatry 1993; 34:1019–1030.

36. Dye MWG, Green CS, Bavelier D. The development of at-
tention skills in action video game players. Neuropsycho-
logia 2009; 47:1780–1789.

37. Nuechterlein KH, Green MF, Kern RS, et al. The MATRICS
Consensus Cognitive Battery, part 1: Test selection, reli-
ability, and validity. Am J Psychiatry 2008; 165:203–213.

38. Robertson IH, Manly T, Andrade J, et al. ’Oops!’: Perfor-
mance correlates of everyday attentional failures in trau-
matic brain injured and normal subjects. Neuropsychologia
1997; 35:747–758.

39. Maruff P, Thomas E, Cysique L, et al. Validity of the Cog-
State brief battery: Relationship to standardized tests and
sensitivity to cognitive impairment in mild traumatic brain
injury, schizophrenia, and AIDS dementia complex. Arch
Clin Neuropsychol 2009; 24:165–178.

40. Vogel EK, McCollough AW, Machizawa MG. Neural mea-
sures reveal individual differences in controlling access to
working memory. Nature 2005; 438:500–503.

41. Anderson AF, Kludt R, Bavelier D. Verbal versus visual
working memory skills in action video game players [poster
1059]. Presented at the Psychonomics Society Meeting, 2011,
Seattle, WA.

42. Weschler D. Wechsler Adult Intelligence Scale, 4th ed. San
Antonio, TX: The Psychological Corporation; 2008.

43. Klingberg T, Fernell E, Olesen PJ, et al. Computerized
training of working memory in children with ADHD—a

randomized, controlled trial. J Am Acad Child Adolesc
Psychiatry 2005; 44:177–186.

44. Stuss DT, Stethem LL, Poirier CA. Comparison of three tests
of attention and rapid information processing across six age
groups. Clin Neuropsychol 1987; 1:139–152.

45. Sohlberg MM, Avery J, Kennedy M, Ylvisaker M, Coelho C,
Turkstra L, Yorkston K. Practice guidelines for direct atten-
tion training. J Med Speech Lang Pathol 2003; 11:19–39.

46. Turner ML, Engle RW. Is working memory capacity task
dependent? J Memory Language 1989; 28:127–154.

47. Basak C, Boot WR, Voss MW, Kramer AF. Can training in a
real-time strategy video game attenuate cognitive decline in
older adults? Psychol Aging 2008; 23:765–777.

48. Klingberg T. Training and plasticity of working memory.
Trends Cogn Sci 2010; 14:317–324.

49. Jaeggi SM, Buschkuehl M, Jonides J, Perrig WJ. Improving
fluid intelligence with training on working memory. Proc
Natl Acad Sci U S A 2008; 105:6829–6833.

50. Persson J, Reuter-Lorenz PA. Gaining control: Training ex-
ecutive function and far transfer of the ability to resolve
interference. Psychol Sci 2008; 19:881–888.

51. Cohen J. Statistical Power Analysis for the Behavioral Sciences,
2nd ed. Hillsdale, NJ: Routledge; 1988.

52. Boot WR, Blakely DP, Simons DJ. Do action video games
improve perception and cognition? Front Psychol 2011; 2:226.

53. Kramer AF, Erickson KI. Capitalizing on cortical plasticity:
Influence of physical activity on cognition and brain func-
tion. Trends Cogn Sci 2007; 11:342–348.

54. Schellenberg EG. Examining the association between music
lessons and intelligence. Br J Psychol 2011; 102:283–302.

55. Hillman CH, Erickson KI, Kramer AF. Be smart, exercise
your heart: Exercise effects on brain and cognition. Nat Rev
Neurosci 2008; 9:58–65.

56. Kamijo K, Pontifex MB, O’Leary KC, et al. The effects of an
afterschool physical activity program on working memory
in preadolescent children. Dev Sci 2011; 14:1046–1058.

57. Bugos JA, Perlstein WM, McCrae CS, et al. Individualized pi-
ano instruction enhances executive functioning and working
memory in older adults. Aging Mental Health 2007; 11:464–471.

58. Bialystok E. How does experience change cognition? Eval-
uating the evidence. Br J Psychol 2011; 102:303–305.

59. Hanna-Pladdy B, MacKay A. The relation between instru-
mental musical activity and cognitive aging. Neu-
ropsychology 2011; 25:378–386.

60. Lutz A, Slagter, HA, Dunne JD, Davidson RJ. Attention
regulation and monitoring in meditation. Trends Cogn Sci
2008; 12:163–169.

61. MacLean KA, Ferrer E, Aichele SR, et al. Intensive medita-
tion training improves perceptual discrimination and sus-
tained attention. Psychol Sci 2010; 21:829–839.

62. Chiesa A, Calati R, Serretti A. Does mindfulness training
improve cognitive abilities? A systematic review of neu-
ropsychological findings. Clin Psychol Rev 2011; 31:449–464.

63. Rosser JC, Lynch PJ, Cuddihy L, et al. The impact of video
games on training surgeons in the 21st century. Arch Surg
2007; 142:181–186; discussion 186.

Address correspondence to:
Adam Gazzaley, MD, PhD

Department of Neurology, Physiology and Psychiatry
University of California, San Francisco

San Francisco, CA 94158

E-mail: adam.gazzaley@ucsf.edu

198 MISHRA ET AL.


