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a b s t r a c t
Video game play can have a negative effect on affect and behavior, but its relationship with cognition has
been mixed. Previous research has shown both positive and negative effects of video game play on
attention, memory, and other cognitive abilities; however, little research has investigated its effects on
executive functions other than working memory. Additionally, most studies have utilized predominantly
male samples. The present study sought to examine the effects of active video game play on decision
making, problem solving, and risk-taking. Two hundred twenty-eight undergraduate students (114
female) played one of ﬁve different video games (n = 91) or were part of a separate, no-game control condition (n = 137). Scores on the Iowa Gambling Task (IGT), Balloon Analogue Risk Task (BART), and Wisconsin Card Sorting Task (WCST) were then compared. Following active video game play, participants
decided more advantageously on the IGT, and made fewer errors and completed more categories on
the WCST. No group differences emerged on the BART, and gender did not impact any dependent variables. It appears that active video game play may have positive effects on some executive functions with
implications for real-world behavior. Implications for future research are discussed.
Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction
Much research has examined the effects of video game play on
cognition and behavior (see Anderson, 2004; Anderson & Bushman,
2001; Barlett, Anderson, & Swing, 2009; for reviews). Most of these
studies have focused on the negative consequences of violent video
games, such as increased aggressive behaviors, negative affect, and
negative cognitions (Anderson, 2004; see Okdie et al., 2014, for discussion). However, other research has highlighted some beneﬁts of
video game play such as prosocial behavior (Ewoldsen et al., 2012;
Velez, Mahood, Ewoldsen, & Moyer-Guse, 2014). While these studies have added much to our understanding of how violent video
games affect cognition, few studies have examined how video
game play affects performance on clinical measures of executive
functions. The present study sought to examine the effects of video
game play on executive functions.

1.1. Executive functions
Executive functions refer to higher-order cognitive abilities tied
to the frontal lobes of the brain, and encompass such abilities as
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planning, organization, set shifting, problem solving, working
memory, and decision making (Lezak, Howieson, & Loring, 2004).
Multiple theories have been put forth regarding the organization
of executive functions. One theory is that executive functions comprise a single construct, the central executive, that helps organize
these higher-order cognitive abilities (Della Sala, Gray, Spinnler, &
Trivelli, 1998). Others have proposed a multiple-systems approach
to understanding executive functions. Anderson (2002) proposed a
four-process model that includes: (1) cognitive ﬂexibility (including
working memory and divided attention), (2) goal setting (including
planning and initiation), (3) information processing (including ﬂuency and speed of processing), and (4) attentional control (including
self-regulation and self-monitoring). Anderson indicated that these
four subsystems integrate together to form one overall executive
control system. Diamond (2013) proposed a three-factor model of
executive functions in which inhibition, working memory, and cognitive ﬂexibility worked together to inﬂuence higher-order executive functions such as reasoning, planning, and problem solving.
The tasks utilized in the present study assess problem solving and
decision making, both of which could be considered higher-order
executive functions per Diamond’s (2013) model.
1.2. Video games and cognition
Despite the vast number of studies examining video games and
cognition, no clear pattern has emerged. The data suggest that
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video game play can both beneﬁt and hinder cognition. For example, some studies have shown improvements in visual (Blacker &
Curby, 2013; Boot, Kramer, Simons, Fabiani, & Gratton, 2008;
Feng, Spence, & Pratt, 2007; Green & Bavelier, 2003, 2006) and
selective attention (Belchior et al., 2013; Donohue, Woldorff, &
Mitroff, 2010; Green & Bavelier, 2006; Karle, Watter, & Shedden,
2010; McDermott, Bavelier, & Green, 2014), including decreased
change blindness (Vallett, Lamb, & Annetta, 2013). Conversely, others have found diminished attention (Kronenberger et al., 2005) or
have failed to ﬁnd differences in attention from control participants (Bailey, West, & Anderson, 2010; Collins & Freeman, 2014;
Irons, Remington, & McLean, 2011; Wilms, Petersen, & Vangkilde,
2013). Additionally, the results of some previous studies indicate
that frequent video game play increases attentional problems in
children (Acevedo-Polakovich, Lorch, & Milich, 2007; Chan &
Rabinowitz, 2006; Christakis, Zimmerman, DiGiuseppe, &
McCarty, 2004; Swing, Gentile, Anderson, & Walsh, 2010). Thus,
it is possible that video game play, especially in adolescents and
young adults who are frequent players, decreases attentional
resources in turn negatively affecting executive functions. However, a signiﬁcant number of studies have shown the opposite—
improved attention and executive functioning due to video game
play. It is unclear what role video game play has in the development (or worsening) of attentional symptoms in young adults
and children.
Despite the fragmentation in the literature on video games and
cognition, one consistent ﬁnding continues to emerge in the visuospatial realm. Across multiple studies, improvements in mental
rotations (De Lisi & Wolford, 2002; Greenﬁeld, Brannon, & Lohr,
1994; Okagaki & Frensch, 1994; Passig & Eden, 2001) and visuospatial tasks more generally (Boot et al., 2008; Feng et al., 2007;
Ferguson, 2010; Green & Bavelier, 2003) are seen as a function of
video game play, regardless of the game type. Reaction times are
faster and more accurate as a function of both recent video game
play (Fischer, Kubitzki, Guter, & Frey, 2007) and a history of frequent video game play (Colzato, van den Wildenberg, Zmigrod, &
Hommel, 2013). Thus, it appears that video game play may affect
different cognitive abilities in positive and negative ways.
1.3. Video games and executive functions
Video game play affects performance on measures of executive
functions as well. Within the video game literature, most studies
show improved performance on executive tasks (see Kirsh,
Olczak, & Mounts, 2005, for exception). For example, improvements have been shown on tasks assessing such executive functions as inhibitory control, task/set shifting, working memory,
and abstract reasoning as a function of video game play (Basak,
Boot, Voss, & Kramer, 2008; Boot et al., 2008; Maillot, Perrot, &
Hartley, 2012; Mathews et al., 2005; Stern et al., 2011). Neuroimaging studies conducted before and after two (Kuhn, Gleich,
Lorenz, Lindenberger, & Gallinat, 2014) and four (Colom et al.,
2012) months of video game play in ‘‘non-gamers’’ showed
increases in gray matter in the frontal lobe. These increases are
localized to the dorsolateral prefrontal cortex (DLPFC), an area
associated with abstract reasoning and problem solving (Lezak
et al., 2004) as well as decision making in some studies (Fellows
& Farah, 2005; Manes et al., 2002).
Decision making is a speciﬁc executive function that has been
extensively researched in patient and non-patient populations,
but is rarely examined in the context of video game play. At the
most basic level, decision making involves a choice between two
or more options. Decision making can occur through calculated
and deliberative reasoning, or can be based at least in part on
‘‘gut feelings’’ and emotions (Damasio, 1994; Seguin, Arseneault,
& Tremblay, 2007). When decision making relies primarily on
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emotions and leads toward negative outcomes, this has been
referred to as risky decision making (i.e., continued risky decisions
even after the risks associated with those decisions is known to the
individual; Bechara, 2008). Although not directly assessing decision making, Fischer et al. (2007) found increased risk-taking cognitions following 20 min of active video game play. Only one
previous study has examined video games and risky decision making (Bailey, West, & Kuffel, 2013). Bailey and colleagues examined
self-reported hours of video game play and performance on the
Iowa Gambling Task (IGT; Bechara, Damasio, Damasio, &
Anderson, 1994), the most common behavioral measure of risky
decision making, as well as a delay discounting task and a selfreport measure of impulsivity. Participants reporting higher levels
of video game play were more impulsive, preferred smaller but
more immediate rewards to larger but more temporally distant
rewards, and failed to learn to choose advantageously on the IGT
(i.e., continued to engage in risky decision making).
However, two large issues exist with the current literature on
the effects of video games on executive functions and in studies
of cognition in general. First, the majority of the published studies
utilize samples composed of only or predominantly male participants (Bailey et al., 2010; Blacker & Curby, 2013; Boot et al.,
2008; Collins & Freeman, 2014; Colzato et al., 2013; Donohue
et al., 2010; Green & Bavelier, 2006; Wilms et al., 2013). Of those
studies utilizing predominantly male samples, only one study
examined results with and without female participants, ﬁnding
no differences after the 15 females were removed from the analyses (leaving 106 males; Blacker & Curby, 2013). A second issue
with the current literature is that a signiﬁcant number of previous
studies have been correlational in nature, examining how a previous history of video game experience affects cognition, not how
active game play affects cognition (Bailey et al., 2010; Blacker &
Curby, 2013; Collins & Freeman, 2014; Colzato et al., 2013;
Donohue et al., 2010; Feng et al., 2007; Karle et al., 2010;
McDermott et al., 2014; Vallett et al., 2013; Wilms et al., 2013).
Thus, it is possible that females may respond differently on cognitive tasks following video game play than males, and pairing these
cognitive tasks with active game play (rather than self-reported
game play) may provide a more ﬁne-grained picture of the effects
of video games on executive functions.

1.4. The present study
The present study sought to examine the inﬂuence of active
video game play on executive functions in both male and female
undergraduate students. According to some research, video game
play should lead to worse outcomes on clinical measures of cognition and possibly executive functions. In contrast, other research
suggests that video game play might instead lead individuals to
perform better on formal measures of executive functions. The
present study examined these two competing theories by assessing
decision making, risk-taking, and problem solving following
30 min of active video game play. As the effects of video game play
on cognition in female participants has not been widely examined
in the research to date, our analyses regarding gender differences
are largely exploratory in nature.

2. Method
2.1. Participants
Participants were 228 undergraduate students (114 females;
Mage = 19.23, SDage = 2.59) enrolled in psychology courses at a
regional campus of a large Midwestern university and for which
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course credit was given for participation in research studies. Most
(73%) self-identiﬁed as Caucasian.
2.2. Measures
2.2.1. Positive and negative affect schedule
The Positive and Negative Affect Schedule (PANAS; Watson,
Clark, & Tellegen, 1988) was utilized to assess between-groups differences in mood prior to the executive tasks. Previous research
has shown relationships between mood and decision making
(i.e., Buelow, Okdie, & Blaine, 2013; Buelow & Suhr, 2013; Forgas,
1995; Smoski et al., 2008; Suhr & Tsanadis, 2007). On the PANAS,
participants respond to positive (10 items) and negative (10 items)
statements regarding current mood. Average scores were calculated, with higher scores indicating higher levels of the mood state.
Internal consistency was high for both subscales (a = .91 positive;
a = .86 negative).
2.2.2. Iowa gambling task
The Iowa Gambling Task (IGT) was created to assess decision
making impairments among individuals who engaged in realworld risky decision making yet showed no impairments on formal
neuropsychological testing (Bechara et al., 1994). The IGT version
available through PAR, Inc. was utilized in the present study
(Bechara, 2008). On this task, participants are given 100 trials in
which to maximize their proﬁt by selecting from one of four decks:
A, B, C, and D. They are not told anything about the decks, and must
learn which are ‘‘good’’ and which are ‘‘bad’’ through trial-anderror selections. Decks A and B return an average proﬁt of $100
per selection, whereas Decks C and D average a proﬁt of $50 per
selection (Bechara, 2008). However, losses can also occur. After
10 selections from Decks A or B, participants have incurred a loss
of $250. After 10 selections from Decks C and D, participants have
instead gained $250. Based on these long-term outcomes, Decks A
and B have been termed disadvantageous and Decks C and D
advantageous (Bechara, 2008; Bechara et al., 1994). Validity of
the IGT has been shown through clinical and nonclinical populations (Buelow & Suhr, 2009).
Although the IGT has been referred to as a measure of risky
decision making, previous research has suggested that the type
of decision making assessed changes as the task progresses. During
the early trials, when participants do not know much about the
decks, decisions are made under ambiguity: participants are making decisions based on limited information about risks/beneﬁts
(Brand, Recknor, Grabenhorst, & Bechara, 2007). After approximately 40 trials, participants have learned enough about the decks
to estimate the risks/beneﬁts of their selections, and instead utilize
decision making under risk (Brand, Recknor, et al., 2007; Ko et al.,
2010; Noel, Bechara, Dan, Hanak, & Verbanck, 2007). In the present
study, the number of advantageous minus disadvantageous selections was calculated for each of the ﬁve, 20-card blocks of trials
(Trials 1–20: Block 1; Trials 21–40: Block 2; Trials 41–60: Block
3; Trials 61–80: Block 4; Trials 81–100: Block 5), in which positive
values indicate more advantageous decision making. The IGT manual recommends this scoring approach (Bechara, 2008).
2.2.3. Balloon analogue risk task
The Balloon Analogue Risk Task (BART) was created to assess
risk-taking behavior in adolescents and young adults (Lejuez
et al., 2002). Studies showing little to no correlations between performance on the IGT and BART support the distinction that the IGT
measures decision making under ambiguity and decision making
under risk (risky decision making) and the BART measures pure
risk-taking (Aklin, Lejuez, Zvolensky, Kahler, & Gwadz, 2005;
Buelow & Blaine, in press; Lejuez et al., 2003). On the BART, participants are presented with 30 balloons, one at a time, and are asked

to make money by pumping up the balloons. Each pump earns the
participant ﬁve cents, which is stored in a temporary bank (Lejuez
et al., 2002). However, balloons will pop if they are pumped too
much. If the balloon pops, participants lose all of the money stored
in the temporary bank and the next balloon appears. In order to
keep the money, participants must stop before the balloon pops
and click the ‘‘Collect $$$’’ button, transferring the money in the
temporary bank to the permanent bank (Lejuez et al., 2002). The
balloons can pop at any time, but the average breaking point is
64 pumps (unknown to the participants; Lejuez et al., 2002). Validity for the task is shown through correlations with real-world risktaking behaviors and personality characteristics (Aklin et al., 2005;
Bornovalova et al., 2009; Hopko et al., 2006; Hunt, Hopko, Bare,
Lejuez, & Robinson, 2005; Swogger, Walsh, Lejuez, & Kosson,
2010). Here, the average number of pumps adjusted for only the
unexploded balloons (as it is unknown how far the participant
would have gone if the balloon did not pop) was calculated.
2.2.4. Wisconsin card sorting task
The Wisconsin Card Sorting Task (WCST) was created to assess
executive functions, speciﬁcally problem solving, abstract thinking,
and cognitive set shifting (Heaton, Chelune, Talley, Kay, & Curtiss,
2005). Participants are asked to match a set of cards to one of four
key cards, utilizing feedback on each trial to determine the sorting
principle. As the task progresses, the sorting principle changes, and
participants must adapt their responses to complete the task. To
successfully complete the task, participants must complete six categories/sorting principles. Correlations have been shown between
the WCST and other measures of executive functions, including
decision making (Brand, Grabenhorst, Starcke, Vandekerckhove, &
Markowitsch, 2007; Brand, Recknor, et al., 2007). The dependent
variables in the present study included the total number of errors
and the total number of categories completed.
2.3. Procedure
The present study was approved by the University’s Institutional Review Board. Participants were split into one of two
groups: 137 in the control group and 91 in the video game group.
Participants in the video game group ﬁrst completed a series of
questionnaires assessing various personality and other characteristics, then were randomly assigned to play one of ﬁve video games
(Call of Duty: Modern Warfare 3, Dead Island, LittleBigPlanet,
NBA2K12, Need for Speed: Hot Pursuit) as part of a larger study of
psychophysiological responses to video games (Cooper & Buelow,
2014). The games varied in their level of violence, content, and
gameplay, and were chosen to ensure that effects were not due
to a single aspect of one particular video game. Participants were
ﬁrst given a brief tutorial on how to play the game, had access to
a ‘‘key’’ indicating which button was tied to which action, and
practiced game play for 5 min. Then, participants played the
assigned video game for 30 min, followed by completion of the
PANAS. The IGT, BART, and WCST were then completed in a counterbalanced order. As cognitive outcomes were a secondary aim of
the overall study, not all participants completed all three tasks due
to time constraints. Among the video game group, 82 completed
the IGT, 85 the BART, and 45 the WCST.
Participants in the control group ﬁrst completed a series of
other questionnaires and cognitive tasks, followed by the PANAS,
IGT, BART, and WCST presented in a counterbalanced order. Participants in the control group were compiled from other research
studies running concurrently in which the IGT, BART, and/or WCST
were administered, resulting in different sample sizes on each task.
Among the control group, 135 completed the IGT, 135 the BART,
and 71 the WCST.
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2.4. Data analysis
First, performance on the cognitive tasks was examined for
between-game differences among the video game participants.
No signiﬁcant differences were found in cognitive task performance by video game type (ps > .15), so video game type was collapsed into one video game group for the remaining comparisons.
Data were then examined for between-group differences on demographic variables. To test the hypotheses, a series of 2 (group:
video game, control) by 2 (gender: male, female) factorial ANOVAs
were conducted on the cognitive task variables.
3. Results
3.1. Demographic and mood results
There were no signiﬁcant differences in gender, v2 (1,
N = 216) = 0.284, p = .594; or age, t(203) = 0.292, p = .771; between
the video game and control groups. The groups did not differ in
positive (p = .087) or negative (p = .729) mood prior to the cognitive tasks. Means and standard deviations for the study variables
can be found in Table 1. To assess mood effects on the tasks independent of video game group, correlations were calculated
between scores on the PANAS and the IGT, BART, and WCST. No
signiﬁcant correlations emerged with the PANAS-positive
(ps > .14). For the PANAS-negative, only the correlation with IGT
Block 5 was signiﬁcant (r = .147, p = .033; remaining ps > .18).
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On Block 3, participants in the video game group selected signiﬁcantly more advantageously than participants in the control group.
A similar pattern emerged on Block 4. The main effect of gender,
F(1, 203) = 0.852, p = .357, and the group by gender interaction,
F(1, 203) = 0.002, p = .963, were not signiﬁcant. The main effect of
group on Block 4 was marginal, F(1, 203) = 3.405, p = .066,
gp2 = .016, indicating a trend toward participants in the video game
group continuing to select more advantageously than those in the
control group. Finally, on Block 5, the main effect of gender,
F(1, 203) = 0.627, p = .429; main effect of group, F(1, 203) = 1.073,
p = .302; and group by gender interaction, F(1, 203) = 0.196,
p = .658; were not signiﬁcant.
Finally, the BART and WCST were examined. On the BART, no
main (group: F(1, 206) = 0.627, p = .429; gender: F(1, 206) = 0.702,
p = .403) or interaction, F(1, 206) = 0.640, p = .425, effects were signiﬁcant. On the WCST, individuals in the video game group had signiﬁcantly fewer errors than individuals in the control group,
F(1, 104) = 5.296, p = .023, gp2 = .048. The main effect of gender,
F(1, 104) = 0.002, p = .968, and the group by gender interaction,
F(1, 104) = 0.099, p = .754, were not signiﬁcant. Participants in the
video game group also completed more categories on the WCST
than participants in the control group, F(1, 104) = 6.628, p = .011,
gp2 = .060. The main effect of gender, F(1, 104) = 1.291, p = .258,
and the group by gender interaction, F(1, 104) = 0.194, p = .660,
were not signiﬁcant.

4. Discussion
3.2. Executive function results
On the IGT, the group by gender interaction was not signiﬁcant
for Block 1, F(1, 203) = 0.069, p = .793. In addition, neither the main
effect of group, F(1, 203) = 0.006, p = .936, or gender,
F(1, 203) = 0.857, p = .356, was signiﬁcant. On Block 2, the interaction, F(1, 203) = 0.813, p = .368, and main effect of group,
F(1, 203) = 0.547, p = .460, were not signiﬁcant. The main effect of
gender was marginal, F(1, 203) = 3.420, p = .066, gp2 = .017, indicating a trend toward males selecting more advantageously than
females on Block 2. For Block 3, only the main effect of group
was signiﬁcant, F(1, 203) = 4.027, p = .046, gp2 = .019 (gender:
F(1, 203) = 1.753, p = .187; interaction: F(1, 203) = 0.394, p = .531).

Table 1
Study variables by video game group.
Variable

Control
M (SD)

Video game
M (SD)

Age
Gender
PANAS-P
PANAS-N

19.28 (2.60)
51% F
2.75 (0.83)
1.51 (0.54)

19.17 (2.58)
48% F
2.94 (0.83)
1.54 (0.55)

0.29
0.28
1.72
0.35

.77
.59
.09
.73

IGT
Block
Block
Block
Block
Block

3.13 (6.40)
0.16 (6.33)
0.25 (7.69)
0.63 (8.46)
1.04 (9.37)

3.07 (5.85)
0.89 (6.18)
2.56 (7.02)
2.83 (7.76)
2.15 (8.65)

0.06
1.20
2.22
1.92
0.87

.95
.23
.03
.06
.39

BART

28.10 (12.09)

29.90 (11.56)

1.09

.28

WCST
Errors
Categories

28.15 (21.07)
5.20 (1.46)

19.44 (11.90)
5.78 (0.67)

2.53
2.50

.01
.01

1
2
3
4
5

Test statistic

p

Note: Bold values indicate signiﬁcance at the p = .05 level. PANAS = Positive and
Negative Affect Schedule; IGT = Iowa Gambling Task, number of advantageous
minus disadvantageous selections by 20-card block of trials; BART = Balloon Analogue Risk Task, average number of pumps per balloon adjusted for only unexploded balloons; WCST = Wisconsin Card Sorting Task, number of errors and
categories completed.

The present study sought to examine two competing lines of
research into video games and cognition: one indicating worse
cognitive performance and one indicating improved cognitive performance. Following 30 min of active video game play, participants
showed improved performance on measures of decision making
and problem solving. In particular, a small effect was shown on
Block 3, and a marginal effect was seen on Block 4 of the IGT. No
gender differences were seen in performance on these blocks, but
there was a marginal gender difference during Block 2 (part of
the decision making under ambiguity trials; Brand, Recknor,
et al., 2007). During Blocks 3 and 4 on the IGT, participants should
have become familiar with the risks and beneﬁts of each deck,
learning which decks are advantageous and which are disadvantageous. In other words, decision making under ambiguity should be
transitioning to decision making under risk (Brand, Recknor, et al.,
2007), and participants should begin selecting from Decks C and D
rather than Decks A and B. In some cases, participants fail to learn
to choose advantageously, or need more time to learn these probabilities (Buelow & Suhr, 2009; Buelow et al., 2013). In the present
study, participants were quicker to shift to the advantageous decks
following 30 min of active video game play. It is possible that playing video games requires participants to quickly learn and adapt to
changing environments, which in turn would prime them to more
quickly learn the risks and beneﬁts of each deck on the IGT. However, on Block 5, performance was equivalent across video game
groups, indicating that the control group ‘‘caught up’’ to the video
game group. This ﬁnding is counter to Bailey et al. (2013); however, they did not have participants actively play video games prior
to administration of the IGT.
No between-group differences were found on the BART, which
assesses risk-taking and decision making processes. This lack of
group differences is counter to previous research that has found
increased risky cognitions following active video game play
(Fischer et al., 2007). The contrary ﬁndings between the IGT and
BART are not unexpected, as multiple previous studies have shown
that the IGT assesses risky decision making but the BART assesses
risk-taking behavior more generally (Aklin et al., 2005; Buelow &
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Blaine, in press; Lejuez et al., 2003; Upton, Bishara, Ahn, & Stout,
2011). Thus, it may be that video game play enables individuals
to adapt to situations sooner and make better decisions, but does
not increase their propensity to engage in behavioral risk-taking.
In addition, our participants played one of multiple games that varied on several factors, ruling out a game-type effect that may be
present in other studies that only use a single game or single game
type. Given that both decision making and risk-taking have not frequently been examined with behavioral measures such as the IGT
and BART in the video game literature, additional research is
needed to further tease apart the relationship between these
variables.
Lastly, we found a signiﬁcant improvement in problem solving,
both in terms of the number of categories completed and the total
number of errors on the WCST, as a function of active video game
play. No prior studies have examined performance on this task as a
function of video game history or active video game play; however,
the results are consistent with previous research showing
improved performance on measures of executive functions following video game play (Basak et al., 2008; Boot et al., 2008; Maillot
et al., 2012; Mathews et al., 2005; Stern et al., 2011). In addition,
these results are consistent with neuroimaging studies showing
increased gray matter in the dorsolateral prefrontal cortex, an area
associated with problem solving and the WCST (Colom et al., 2012;
Kuhn et al., 2014). It is likely that during video game play, participants must learn to adapt to a ever-changing environments and
learn the most optimal way to complete a level. This process often
requires trial-and-error learning, the same skills required to perform well on the WCST and IGT. It is possible that actively playing
video games serves as a priming for subsequent tasks, with skills
learned during the game (such as quick and efﬁcient decision making and problem solving) transferred to later occurring tasks. Thus,
participants may be more likely to attend to patterns on the IGT
and WCST after this procedural mindset has been activated in a
preceding task. Procedural mindset priming has been shown to
occur in other domains (see Forster, Friedman, & Liberman, 2004;
Gollwitzer & Kinney, 1989; Smith & Branscombe, 1988; for examples). This priming effect may be short-lived (see Van den Bussche,
Van den Noortgate, & Reynolds, 2009, for discussion of priming
effects), but additional research is needed to examine how long
these priming effects may last after active video game play.
A ﬁnal exploratory aim of the present study was to examine
gender-based differences in the effects of active video game play
on cognition. Many of the previous studies of video game play
effects on cognition were conducted on male participants only,
with results showing both improvements (Blacker & Curby, 2013;
Boot et al., 2008; Colzato et al., 2013; Donohue et al., 2010;
Green & Bavelier, 2006) and no difference (Bailey et al., 2010;
Collins & Freeman, 2014; Wilms et al., 2013) compared to control
groups. In the present study, gender did not emerge as a signiﬁcant
predictor of performance, nor were any of the group by gender
interactions signiﬁcant. This lack of gender differences occurred
despite differences in self-reported previous video game exposure.
Among participants in the video game group, 100% of females
reported previously playing video games but only 26% self-identiﬁed as a ‘‘gamer.’’ Among males, 100% reported a history of video
game play and 66% self-identiﬁed as a ‘‘gamer.’’ In addition, it is
unlikely that previous familiarity with the game played affected
the results. Only 32% of video game participants reported having
previously played the study game, and this was distributed evenly
across the ﬁve game conditions, v2 (4, N = 91) = 7.893, p = .096.
In addition, assessing cognition following active video game
play, rather than assessing self-reported history of video game play
and then assessing cognition, could indicate a direct effect of game
play on attentional and other cognitive changes. Further, our study
utilized ﬁve different video games, indicating that the cognitive

improvements seen were not a direct result of a unique feature
of a single game but rather play components present across games.
4.1. Limitations
There were several limitations in the present study. Although
no gender differences emerged in the current study, a greater proportion of males self-identiﬁed as ‘‘gamers.’’ It would be important
to follow-up on the present study with a sample of female gamers,
to determine if the cognitive beneﬁts seen here are due in part to
frequency of video game play. Not all executive functions were
assessed in the present study, and it is possible that different
ﬁndings would be seen if other executive tasks—or measures of a
particular executive function such as decision making—were utilized. Participants in the present study who were in the video game
condition played one of ﬁve games for 30 min immediately prior to
cognitive assessment. Given some of the previous research regarding longer-term effects of video game play or training (e.g., Colom
et al., 2012; Kuhn et al., 2014), future research should investigate
whether there is an optimal amount of video game exposure before
cognitive improvements taper off or even diminish.
4.2. Conclusions
Taken together, the results of the present study are more
consistent with the hypothesis that active video game play can
improve cognition, rather than the hypothesis that active video
game play results in impairments in cognition. It is likely that
the effects of video game play on cognition are more complex than
a simple dichotomous good/bad distinction, as it could be the
amount of game play and the expertise (i.e., gamer versus
nongamer) of the player may inﬂuence this relationship. It is also
possible that video game play improves some facets of cognition
(such as executive functions) but decreases some other aspects of
cognition.
Acknowledgements
Funding was provided by a student research grant from The
Ohio State University Newark to Ashley Cooper.
References
Acevedo-Polakovich, I. D., Lorch, E. P., & Milich, R. (2007). Comparing television use
and reading in children with ADHD and non-referred children across two age
groups.
Media
Psychology,
9,
447–472.
http://dx.doi.org/10.1080/
15213260701291387.
Aklin, W. M., Lejuez, C. W., Zvolensky, M. J., Kahler, C. W., & Gwadz, M. (2005).
Evaluation of behavioral measures of risk taking propensity with inner city
adolescents. Behaviour Research and Therapy, 43, 215–228. http://dx.doi.org/
10.1016/j.brat.2003.12.007.
Anderson, P. (2002). Assessment and development of executive function (EF) during
childhood. Child Neuropsychology, 8, 71–82.
Anderson, C. A. (2004). An update on the effects of playing violent video games.
Journal
of
Adolescence,
27,
113–122.
http://dx.doi.org/10.1016/
j.adolescence.2003.10.009.
Anderson, C. A., & Bushman, B. J. (2001). Effects of violent video games on aggressive
behavior, aggressive cognition, aggressive affect, physiological arousal, and
prosocial behavior: A meta-analytic review of the scientiﬁc literature.
Psychological Science, 12, 353–359. http://dx.doi.org/10.1111/1467-9280.00366.
Bailey, K., West, R., & Anderson, C. A. (2010). A negative association between video
game experience and proactive cognitive control. Psychophysiology, 47, 34–42.
http://dx.doi.org/10.1111/j.1469-8986.2009.00925.x.
Bailey, K., West, R., & Kuffel, J. (2013). What would my avatar do? Gaming
pathology, and risky decision making. Frontiers in Psychology, 4, 609. http://
dx.doi.org/10.3389/fpsychg.2013.00609.
Barlett, C. P., Anderson, C. A., & Swing, E. L. (2009). Video game effects—Conﬁrmed,
suspected, and speculative: A review of the evidence. Simulation & Gaming, 40,
377–403. http://dx.doi.org/10.1177/1046878108327539.
Basak, C., Boot, W. R., Voss, M. W., & Kramer, A. F. (2008). Can training in a real-time
strategy video game attenuate cognitive decline in older adults? Psychology and
Aging, 23, 765–777. http://dx.doi.org/10.1037/a0013494.

M.T. Buelow et al. / Computers in Human Behavior 45 (2015) 228–234
Bechara, A. (2008). Iowa gambling task professional manual. Lutz, FL: Psychological
Assessment Resources, Inc..
Bechara, A., Damasio, A. R., Damasio, H., & Anderson, S. W. (1994). Insensitivity to
future consequences following damage to human prefrontal cortex. Cognition,
50, 7–15. http://dx.doi.org/10.1016/0010-0277(94)90018-3.
Belchior, P., Marsiske, M., Sisco, S. M., Yam, A., Bavelier, D., & Mann, W. C. (2013).
Video game training to improve selective visual attention in older adults.
Computers in Human Behavior, 29, 1318–1324. http://dx.doi.org/10.1016/
j.chb.2013.01.034.
Blacker, K. J., & Curby, K. M. (2013). Enhanced visual short-term memory in action
video game players. Attention, Perception, and Psychophysics, 75, 1128–1136.
http://dx.doi.org/10.3758/s13414-013-0487-0.
Boot, W. R., Kramer, A. F., Simons, D. J., Fabiani, M., & Gratton, G. (2008). The effects
of video game playing on attention, memory, and executive control. Acta
Psychologica, 129, 387–398. http://dx.doi.org/10.1016/j.actpsy.2008.09.005.
Bornovalova, M. A., Cashman-Rolls, A., O’Donnell, J. M., Ettinger, K., Richards, J. B., &
Lejuez, C. W. (2009). Risk taking differences on a behavioral task as a function of
potential reward/loss magnitude and individual differences in impulsivity and
sensation seeking. Pharmacology, Biochemistry, and Behavior, 93, 258–262.
http://dx.doi.org/10.1016/j.pbb.2008.10.023.
Brand, M., Grabenhorst, F., Starcke, K., Vandekerckhove, M. M. P., & Markowitsch, H.
J. (2007). Role of the amygdala in decisions under ambiguity and decisions
under risk: Evidence from patients with Urbach-Wiethe disease.
Neuropsychologia,
45,
1305–1317.
http://dx.doi.org/10.1016/
j.neuropsychologia.2006.09.021.
Brand, M., Recknor, E. C., Grabenhorst, F., & Bechara, A. (2007). Decisions under
ambiguity and decisions under risk: Correlations with executive functions and
comparisons of two different gambling tasks with implicit and explicit rules.
Journal of Clinical and Experimental Neuropsychology, 19, 86–99. http://
dx.doi.org/10.1080/13803390500507196.
Buelow, M. T., & Blaine, A. L. (in press). The assessment of risky decision making: A
factor analysis of performance on the Iowa gambling task, balloon analogue risk
task, and Columbia card task. Psychological Assessment.
Buelow, M. T., Okdie, B. M., & Blaine, A. L. (2013). Seeing the forest through the
trees: Improving decision making on the Iowa gambling task by shifting focus
from short- to long-term outcomes. Frontiers in Decision Neuroscience, 4, 773.
http://dx.doi.org/10.3389/f.psyg.2013.00773.
Buelow, M. T., & Suhr, J. A. (2009). Construct validity of the Iowa gambling task.
Neuropsychology Review, 19, 102–114. http://dx.doi.org/10.1007/s11065-0099083-4.
Buelow, M. T., & Suhr, J. A. (2013). Personality characteristics and state mood
inﬂuence individual deck selections on the Iowa gambling task. Personality and
Individual
Differences,
54,
593–597.
http://dx.doi.org/10.1016/
j.paid.2012.11.019.
Chan, P. A., & Rabinowitz, T. (2006). A cross-sectional analysis of video games and
attention deﬁcit hyperactivity disorder symptoms in adolescents. Annals of
General Psychiatry, 5(16), 5–16. http://dx.doi.org/10.1186/1744-859X-5-16.
Christakis, D. A., Zimmerman, F. J., DiGiuseppe, D. L., & McCarty, C. A. (2004). Early
television exposure and subsequent attentional problems in children. Pediatrics,
113, 708–713.
Collins, E., & Freeman, J. (2014). Video game use and cognitive performance: Does it
vary with the presence of problematic video game use? CyberPsychology,
Behavior, and Social Networking, 17, 153–159. http://dx.doi.org/10.1089/
cyber.2012.0629.
Colom, R., Quiroga, M. A., Solana, A. B., Burgaleta, M., Roman, F. J., & Karama, S.
(2012). Structural changes after videogame practice related to a brain network
associated with intelligence. Intelligence, 40, 479–489. http://dx.doi.org/
10.1016/j.intell.2012.05.004.
Colzato, L. S., van den Wildenberg, W. P. M., Zmigrod, S., & Hommel, B. (2013).
Action video gaming and cognitive control: Playing ﬁrst person shooter games
is associated with improvement in working memory but not action inhibition.
Psychological Research Psychologische Forschung, 77, 234–239. http://dx.doi.org/
10.1007/s00426-012-0415-2.
Cooper, A., & Buelow, M. T. (2014). Psychophysiological and affective correlates of
video game play. The Journal of Undergraduate Research at Ohio State, 4, 1–9.
Damasio, A. R. (1994). Descartes’ error: Emotion, reason, and the human brain. New
York: Putnam.
De Lisi, R., & Wolford, J. L. (2002). Improving children’s mental rotation accuracy
with computer game playing. Journal of Genetic Psychology, 163, 272–282.
http://dx.doi.org/10.1080/00221320209598683.
Della Sala, S., Gray, C., Spinnler, H., & Trivelli, C. (1998). Frontal lobe functioning in
man: The riddle revisited. Archives of Clinical Neuropsychology, 13, 663–682.
Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135–168.
http://dx.doi.org/10.1146/annurev-psych-113011-143750.
Donohue, S. E., Woldorff, M. G., & Mitroff, S. R. (2010). Video game players show
more precise multisensory temporal processing abilities. Attention, Perception,
& Psychophysics, 72, 1120–1129. http://dx.doi.org/10.3758/APP.72.4.1120.
Ewoldsen, D. R., Eno, C. A., Okdie, B. M., Velez, J. A., Guadagno, R. E., & DeCoster, J.
(2012). Effect of playing violent video games cooperatively or competitively on
subsequent cooperative behavior. CyberPsychology, Behavior, and Social
Networking, 15, 1–4. http://dx.doi.org/10.1089/cyber.2011.0308.
Fellows, L. K., & Farah, M. J. (2005). Different underlying impairments in
decision-making following ventromedial and dorsolateral frontal lobe damage
in humans. Cerebral Cortex, 15, 58–63. http://dx.doi.org/10.1093/cercor/
bhh108.

233

Feng, J., Spence, I., & Pratt, J. (2007). Playing an action video game reduces gender
differences in spatial cognition. Psychological Science, 18, 850–855. http://
dx.doi.org/10.1111/j.1467-9280-2007.01990.x.
Ferguson, C. J. (2010). Blazing angels or resident evil? Can violent video games be a
force for good? Review of General Psychology, 14, 68–81. http://dx.doi.org/
10.1037/a0018941.
Fischer, P., Kubitzki, J., Guter, S., & Frey, D. (2007). Virtual driving and risk taking: Do
racing games increase risk-taking cognitions, affect, and behaviors? Journal of
Experimental Psychology: Applied, 13, 22–31. http://dx.doi.org/10.1037/1076898X.13.1.22.
Forgas, J. P. (1995). Mood and judgment: The affect infusion model. Psychological
Bulletin, 117, 39–66. http://dx.doi.org/10.1037/0033-2909.117.1.39.
Forster, J., Friedman, R. S., & Liberman, N. (2004). Temporal construal effects on
abstract and concrete thinking: Consequences for insight and creative
cognition. Journal of Personality and Social Psychology, 87, 177–189.
Gollwitzer, P. M., & Kinney, R. F. (1989). Effects of deliberative and implemental
mindsets on illusion of control. Journal of Personality and Social Psychology, 56,
531–542.
Green, C. S., & Bavelier, D. (2003). Action video game modiﬁed visual selective
attention. Nature, 423, 534–537.
Green, C. S., & Bavelier, D. (2006). Enumeration versus multiple object tracking: The
case of action video game players. Cognition, 101, 217–245. http://dx.doi.org/
10.1016/j.cognition.2005.10.004.
Greenﬁeld, P. M., Brannon, C., & Lohr, D. (1994). Two-dimensional representation of
movement through three-dimensional space: The role of video game expertise.
Journal of Applied Developmental Psychology, 15, 87–103. http://dx.doi.org/
10.1016/0193-3973(94)90007-8.
Heaton, R. K., Chelune, G. J., Talley, J. L., Kay, G. G., & Curtiss, G. (2005). Wisconsin
card sorting test manual. Lutz, FL: PAR, Inc..
Hopko, D. R., Lejuez, C. W., Daughters, S. B., Aklin, W. M., Osborne, A., & Strong, D. R.
(2006). Construct validity of the balloon analogue risk task (BART): Relationship
with MDMA use by inner-city drug users in residential treatment. Journal of
Psychopathology and Behavioral Assessment, 28, 95–101. http://dx.doi.org/
10.1007/s10862-006-7487-5.
Hunt, M. K., Hopko, D. R., Bare, R., Lejuez, C. W., & Robinson, E. V. (2005). Construct
validity of the balloon analog risk task (BART): Associations with psychopathy
and impulsivity. Assessment, 12, 416–428. http://dx.doi.org/10.1177/
1073191105278740.
Irons, J. L., Remington, R. W., & McLean, J. P. (2011). Not so fast: Rethinking the
effects of action video games on attentional capacity. Australian Journal of
Psychology, 63, 224–231. http://dx.doi.org/10.1111/j.1742-9536.2011.00001.x.
Karle, J. W., Watter, S., & Shedden, J. M. (2010). Task switching in video game
players: Beneﬁts of selective attention but not resistance to proactive
interference. Acta Psychologica, 134, 70–78. http://dx.doi.org/10.1016/
j.actpsy.2009.12.007.
Kirsh, S. J., Olczak, P. V., & Mounts, J. R. (2005). Violent video games induce affect
processing bias. Media Psychology, 7, 239–250. http://dx.doi.org/10.1207/
S1532785XMEP0703_1.
Ko, C.-H., Hsaio, S., Liu, G.-C., Yen, J.-Y., Yang, M.-J., & Yen, C.-F. (2010). The
characteristics of decision making, potential to take risks, and personality of
college students with internet addiction. Psychiatry Research, 175, 121–125.
http://dx.doi.org/10.1016/j.psychres.2008.10.004.
Kronenberger, W. G., Mathews, V. P., Dunn, D. W., Wang, Y., Wood, E. A., & Li, T.-Q.
(2005). Media violence exposure and executive functioning in aggressive and
control adolescents. Journal of Clinical Psychology, 61, 725–737. http://
dx.doi.org/10.1002/jclp.20022.
Kuhn, S., Gleich, T., Lorenz, R. C., Lindenberger, U., & Gallinat, J. (2014). Playing super
Mario induces structural brain plasticity: Gray matter changes resulting from
training with a commercial video game. Molecular Psychiatry, 19, 265–271.
http://dx.doi.org/10.1038/mp.2013.120.
Lejuez, C. W., Aklin, W. M., Jones, H. A., Strong, D. R., Richards, J. B., & Read, J. P.
(2003). The balloon analogue risk task (BART) differentiates smokers and
nonsmokers. Experimental and Clinical Psychopharmacology, 11, 26–33. http://
dx.doi.org/10.1037/1064-1297.11.1.26.
Lejuez, C. W., Read, J. P., Kahler, C. W., Richards, J. B., Ramsey, S. E., & Brown, R. A.
(2002). Evaluation of a behavioral measure of risk taking: The balloon analogue
risk task (BART). Journal of Experimental Psychology: Applied, 8, 75–84. http://
dx.doi.org/10.1037//1076-898X.8.2.75.
Lezak, M. D., Howieson, D. B., & Loring, D. W. (2004). Neuropsychological assessment
(4th ed.). Oxford: Oxford University Press.
Maillot, P., Perrot, A., & Hartley, A. (2012). Effects of interactive physical-activity
video-game training on physical and cognitive function in older adults.
Psychology and Aging, 27, 589–600. http://dx.doi.org/10.1037/aa0026268.
Manes, F., Sahakian, B., Clark, L., Rogers, R., Antoun, N., & Robbins, T. (2002).
Decision-making processes following damage to the prefrontal cortex. Brain,
125, 624–639. http://dx.doi.org/10.1093/brain/awf049.
Mathews, V. P., Kronenberger, W. G., Wang, Y., Lurito, J. T., Lowe, M. J., & Dunn, D. W.
(2005). Media violence exposure and frontal lobe activation measured by
functional magnetic resonance imaging in aggressive and nonaggressive
adolescents. Journal of Computer Assisted Tomography, 29, 287–292.
McDermott, A. F., Bavelier, D., & Green, C. S. (2014). Memory abilities in action video
game players. Computers in Human Behavior, 34, 69–78. http://dx.doi.org/
10.1016/j.chb.2014.01.018.
Noel, X., Bechara, A., Dan, B., Hanak, C., & Verbanck, P. (2007). Response inhibition
deﬁcit is involved in poor decision making under risk in nonamnesic individuals

234

M.T. Buelow et al. / Computers in Human Behavior 45 (2015) 228–234

with alcoholism. Neuropsychology, 21, 778–786. http://dx.doi.org/10.1037/
0894-4105.21.6.778.
Okagaki, L., & Frensch, P. A. (1994). Effects of interactive entertainment technologies
on development. Journal of Applied Developmental Psychology, 15, 33–58. http://
dx.doi.org/10.1016/0193-3973(94)90005-1.
Okdie, B. M., Ewoldsen, D. R., Muscanell, N. L., Guadagno, R. E., Eno, C. A., & Smith, L.
R. (2014). Missed programs (there is no TiVo for this one): Why psychologists
should study the media. Perspectives on Psychological Science, 9, 180–195. http://
dx.doi.org/10.1177/1745691614521243.
Passig, D., & Eden, S. (2001). Virtual reality as a tool for improving spatial rotation
among deaf and hard-of-hearing children. CyberPsychology and Behavior, 4,
681–686. http://dx.doi.org/10.1089/109493101753376623.
Seguin, J. R., Arseneault, L., & Tremblay, R. E. (2007). The contribution of ‘‘cool’’ and
‘‘hot’’ components of decision-making in adolescence: Implications for
developmental psychopathology. Cognitive Development, 22, 530–543. http://
dx.doi.org/10.1016/j.cogdev.2007.08.006.
Smith, E. R., & Branscombe, N. R. (1988). Category accessibility as implicit memory.
Journal of Experimental Social Psychology, 24, 490–504.
Smoski, M. J., Lynch, T. R., Rosenthal, M. Z., Cheavens, J. S., Chapman, A. L., &
Krishnan, R. R. (2008). Decision-making and risk aversion among depressive
adults. Journal of Behavior Therapy and Experimental Psychiatry, 39, 567–576.
http://dx.doi.org/10.1016/j.jbtep.2008.01.004.
Stern, Y., Blumen, H. M., Rich, L. W., Richards, A., Herzberg, G., & Gopher, D. (2011).
Space fortress game training and executive control in older adults: A pilot
intervention. Aging, Neuropsychology, and Cognition, 18, 653–677. http://
dx.doi.org/10.1080/13825585.2011.613450.
Suhr, J. A., & Tsanadis, J. (2007). Affect and personality correlates of the Iowa
gambling task. Personality and Individual Differences, 43, 27–36. http://
dx.doi.org/10.1016/j.paid.2006.11.004.

Swing, E. L., Gentile, D. A., Anderson, C. A., & Walsh, D. A. (2010). Television and
video game exposure and the development of attention problems. Pediatrics,
126, 214–221. http://dx.doi.org/10.1542/peds.2009-1508.
Swogger, M. T., Walsh, Z., Lejuez, C. W., & Kosson, D. S. (2010). Psychopathy and risk
taking among jailed inmates. Criminal Justice and Behavior, 37, 439–452. http://
dx.doi.org/10.1177/0093854810361617.
Upton, D. J., Bishara, A. J., Ahn, W.-Y., & Stout, J. C. (2011). Propensity for risk
taking and trait impulsivity in the Iowa gambling task. Personality and
Individual
Differences,
50(4),
492–495.
http://dx.doi.org/10.1016/
j.paid.2010.11.013.
Vallett, D. B., Lamb, R. I., & Annetta, L. A. (2013). The gorilla in the room: The impacts
of video-game play on visual attention. Computers in Human Behavior, 29,
2183–2187. http://dx.doi.org/10.1016/j.chb.2013.05.001.
Van den Bussche, E., Van den Noortgate, W., & Reynolds, B. (2009). Mechanisms of
masked priming: A meta-analysis. Psychological Bulletin, 135, 452–477.
Velez, J. A., Mahood, C., Ewoldsen, D., & Moyer-Guse, E. (2014). Ingroup versus
outgroup conﬂict in the context of violent video game play: The effect of
cooperation on increased helping and decreased aggression. Communication
Research, 41, 607–626. http://dx.doi.org/10.1177/0093650212456202.
Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief
measures of positive and negative affect: The PANAS scales. Journal of
Personality and Social Psychology, 54, 1063–1070. http://dx.doi.org/10.1037/
0022-3514.54.6.1063.
Wilms, I. I., Petersen, A., & Vangkilde, S. (2013). Intensive video gaming improves
encoding speed to visual short-term memory in young male adults. Acta
Psychologica, 142, 108–118. http://dx.doi.org/10.1016/j.actpsy.2012.11.003.

