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Abstract. Selective attention is responsible for detecting, localizing and identi-
fying a target while neglecting distractors [1],[2]. A superior capacity in selec-
tive attention contributes to good performance in tasks that require monitoring 
the environment and searching for a target [2],[3],[4]. Since it is our goal to  
optimize work efficiency, understanding individual differences in attentional 
capacity and whether they are mutable is important. Our first experiment dem-
onstrates the existence of systematic individual differences in selective atten-
tion. More remarkably, our second experiment shows that appropriate cognitive 
training using an action video game can alter selective attentional capacity. Fur-
thermore, individuals with the poorest initial scores gain most from the training. 
We show that these gains cannot be attributed to regression effects alone. Thus 
we conclude that individual differences in attentional capacity can be reduced 
or even eliminated by training. 
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1   Introduction 

Selective attentional capacity is one of the principal bottlenecks in human information 
processing [5]. This capacity has a strong impact on performance in real life situations 
(e.g. driving, computer programming, piloting, power plant control) [3],[4],[6]. Lack 
of sufficient mental resources for selective attention often results in failure to detect 
sudden changes in the environment, diminished situational awareness, as well as the 
reduced ability to identify a target. Since individual differences are known to exist in 
many areas of cognition, it is important to determine whether there are systematic 
individual differences in attentional capacity, and more significantly, whether per-
formance can be improved by cognitive training. 

1.1   Selective Attention 

Due to our limited mental resources, attention is selectively allocated to certain chan-
nels of information [4]. One direct consequence of this selection mechanism on our 
vision system is our limited spatial distribution of attention. This is the visual area 
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from which we are able to extract information within one eye fixation [2],[3],[4]. 
Another consequence of selection is that, even within the useful field of view, we can 
apply mental resources only to some visual components (targets) [4]. This activity 
requires identifying the target and assigning resources for further processing, while 
rejecting the distractors and prohibiting them from gaining access to the resources [7].  

In many occupational situations, selective attention is critical. For example, in an 
aircraft cockpit or a control console, a great deal of information is often presented at 
the same time. Selection of information becomes a challenge for the operator. Supe-
rior capacity in allocating attentional resources could benefit the operator in many 
tasks that require extracting and processing important information, as well as detect-
ing early signals of potential problems. In addition, a larger spatial distribution of 
selective attention could confer another advantage during the performance of  those 
tasks since fewer eye movements would be needed to acquire the same amount of 
information. For example, several studies have already identified a strong association 
between the size of the spatial distribution of attention and driving performance 
[2],[3]. The ability to concentrate and focus on a number of objects over a large visual 
area, within one fixation, can be helpful in several applied areas. 

1.2   Individual Differences 

In any profession, certain kinds of cognitive abilities and skills are necessary. As has 
been suggested by the theory of competence-related beliefs, individuals who do not 
have adequate required skills are less likely to feel competent, less likely to be suc-
cessful, and also less likely to hold positive attitudes toward the profession 
[8],[9],[10]. Thus, individual differences in certain types of cognitive ability contrib-
ute to variation in the career choices of individuals and also to subsequent perform-
ance in the occupations that require these abilities. For example, the consequences of 
individual differences in selective attention can be quite considerable in occupational 
tasks that require constant monitoring of a continuously changing complex visual 
field (e.g. piloting, driving, and large system monitoring).  

There is a large body of literature on individual differences in cognitive abilities. 
For instance, it is known that individuals differ greatly in their ability to mentally 
represent and manipulate spatial information [11],[12],[13]. Similarly, there are large 
individual differences in performing tasks that require memory [14],[15],[16]. Since 
selective attention is a lower level capacity that is thought to support many of these 
higher level cognitive functions [17],[18],[19], it is reasonable to expect that signifi-
cant individual variations in selective attention may contribute to individual differ-
ences in higher cognition. Indeed, some suggestive associations have already been 
noted: for example, young children [20] and older adults [2], whose higher level cog-
nitive skills are generally inferior to those of young adults, also perform more poorly 
on some attentional tasks. In addition, pathological populations, including Alz-
heimer’s patients [21] and children with attention-deficit disorder [22], show inferior-
ities on selective attention tasks compared to healthy populations. However, little 
attention has been devoted to possible individual differences within the group of nor-
mal healthy young adults. Given the fact that young adults constitute a large fraction 
of the labor force, understanding the possible individual variations in selective atten-
tional capacity becomes important. Moreover, although individual differences in  
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cognition can been attributed to certain biological causes [23],[24], environmental 
factors may also play a part. It has been demonstrated that practice on some cognitive 
tasks can produce substantial improvements in performance [1] and the improvement 
is greatest in those who have not previously practiced [25]. Hence, environmental 
influences seem to be capable of making modifications. We are interested in identify-
ing the possible individual differences in selective attention, as well as the degree of 
modification we are able to make on those differences.   

1.3   Cognitive Training 

Cognitive training is a widely used technique for improving an individual’s perform-
ance on certain cognitive tasks using either the cognitive task itself [26] or  relevant 
associated activities, such as virtual reality settings [27] or video games [1],[28]. 
Video games have been found to have positive effects on some abilities like attention 
and spatial cognition [1],[7],[28],[29],[30],[31]. The observed improvements have 
usually been attributed to the exercise of the particular cognitive ability during game 
playing [28],[31]. The magnitude of prior individual differences in certain cognitive 
capacities was diminished or even eliminated in some cases [29],[30]. The category of 
video game that seems to impose the heaviest demands on selective attention is the 
action video game. This genre of video game has been associated with superior per-
formance on selective attentional tasks [1],[7],[31]. Interestingly, the superior meas-
ured performance of video game players can be matched by non-video game players 
by training with an action video game for as few as ten hours [1]. In the experiments 
described below, we investigate whether an action video game can contribute to im-
proved individual performance, and whether playing an action game can modify indi-
vidual differences in selective attention. 

2   Experiments 

The first experiment explored individual differences in the spatial distribution of 
selective attention. The second experiment investigated the possibility of improving 
selective attention using an action video game as a training device. We were particu-
larly interested in determining whether such training could modify any pre-existing 
individual differences in selective attention.   

The method of measuring selective attention was the Useful Field of View 
(UFOV) task, which assesses the spatial distribution of attention and the ability to 
pick out a target among distractors. The stimulus display consisted of twenty-four 
squares with each uniquely localized at an eccentricity of 10o or 20o or 30o in eight 
equally spaced directions. One location was randomly selected for the target—a filled 
square surrounded by a circle. The other 23 locations were left for the distractors, 
which were unfilled squares. On each trial, the participants were required to report the 
direction of the target. The whole experiment consisted of 240 trials. A sample trial is 
shown in Fig. 1.  
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Fig. 1. The Useful Field of View (UFOV) Task 

2.1   Experiment 1 

Forty-eight undergraduates participated and were balanced with respect to gender 
(half males and half females), action video gaming experience (half video game play-
ers vs. half non-video game players—VGP vs. NVGP), and major (half arts and hu-
manities majors vs. half science and engineering majors), thus forming eight groups 
of six participants. Each participant completed the UFOV task.  

A 2 (gaming experience) x 2 (gender) x 2 (major) x 3 (eccentricity) ANOVA was 
used to investigate the group differences. In performance, VGPs made significantly 
fewer errors than NVGPs (gaming experience: F(1,40) =34.381, p <.001). A gender 
difference was found with males outperforming females (gender: F(1,40) =5.027, p 
=.031). The disparity was largest at small eccentricities (gender: eccentricity=10o, 
F(1,40) =6.190, p =.017). Interestingly, the overall difference between males and 
females is largely attributable to the significant gender difference among NVGPs 
(significant gender difference among NVGPs: Mean Difference (Std. Error) 
=.121(.048), p =.015; non-significant gender difference among VGPs: Mean Differ-
ence (Std. Error) = .028(.048), p =.564). In other words, while both males and females 
in the VGP group performed well, the NVGPs had much higher error rates, with the 
females performing much more poorly than the males (Fig. 2a). In addition, on aver-
age, the science and engineering majors outperformed the arts and humanities majors 
(major: F(1,40) = 6.991, p =.012) which implies that students with superior selective 
attentional capacity are more likely to choose programs in science and engineering 
(Fig. 2b). 

The results of Experiment 1 are suggestive. Since no gender difference was found 
in the VGP group, playing action video games may benefit females and males equally 
(Figure 2a). In other words, playing action video games may have the effect of reduc-
ing or eliminating prior gender differences in selective attention. On the other hand, 
these results might simply reflect a selection bias: Individuals, of either sex, with 
superior attentional skills may have chosen to play action video games whereas others 
with lesser capacities may have avoided them. However, if attentional capacity can be 
improved by training NVGPs using action video games, this would weaken the criti-
cism that the observed differences in performance in Experiment 1 are simply the 
result of selection biases. Our Experiment 2 was designed to test the hypothesis that 
playing an action video game can improve an individual’s attentional capacity.    
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Fig. 2. Performance (percentage errors) of different groups at three eccentricities: a) male video 
game players (MVGP), female video game players (FVGP), male non-video game players 
(MNVGP) and female non-video game players (FNVGP); b) performance of Arts and Humani-
ties majors (Arts) and Science and Engineering majors (Science) 

2.2   Experiment 2 

Twenty undergraduates (six males and fourteen females) without action-video-
gaming experience participated. Each participant received a pre-test on the UFOV 
task, ten hours of training on a video game and then a post-test on the UFOV task. In 
order to separate the effects of selective attention from the visuo-motor skills required 
to play video games in general, we used a control group that was trained with a video 
game which did not require any special ability in selective attention. Males and fe-
males were divided equally into two groups with matched pre-test performances on 
the UFOV task. During the training phase, participants in the experimental group 
were required to play a classic action video game, Medal of Honour: Pacific Assault. 
Meanwhile, the control group was trained with another 3D game, Ballance, which 
requires fine hand-eye coordination but not superior selective attentional capacities. 
The ten hours of training for each participant was conducted in several sessions of one 
to two hours within a maximum of three weeks in the lab. 

A 2 (gender) x 2 (training) ANOVA was used to explore group differences. Before 
training, the performances of the experimental group and the control group on the 
UFOV task were very similar. Of course, this was to be expected, since we assigned 
participants to the two groups so that the pre-training group averages would be as 
close as possible. However, on the post-test, significant improvements on the UFOV 
task were observed in the experimental group but not in the control group (Fig. 3). 
Participants who had trained with the action video game made significantly fewer 
errors at all eccentricities (training: F(1,8) =284.171, p <.001). There was no differ-
ence between pre-test and post-test performance in the group that had been trained 
with the non-action video game (training: F(1,8) =1.143, p =.316). This result sug-
gests that, compared to a non-action video game, an action video game can enhance 
capacity in selective attention. Although both males and females in the experimental 
group improved after training, the females benefited more than males (training x gen-
der: F(1,8) =14.787, p =.005). Their errors were greatly reduced at all eccentricities 
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compared to their pre-test performance. After playing with the action video game for 
only ten hours, the gender differences on the UFOV task were largely reduced or even 
eliminated. In contrast, neither males nor females in the control group showed signifi-
cant improvement after playing with the non-action video game.   

 

 

Fig. 3. Performance (percentage errors) of males and females in both groups before and after 
training: a) males (M) and females (F) in the experimental group before (Pre) and after (Post) 
training with an action video game; b) males (M) and females (F) in the control group before 
(Pre) and after (Post) training with a non-action video game 

Experiment 2 has shown that action video gaming can improve an individual’s per-
formance on the UFOV task. Moreover, comparison with the control group confirms 
that this enhancement in performance is due to expanded selective attentional capacity 
rather than better hand-eye coordination.  

The results of Experiment 2 strengthen our contention that the differences in per-
formance in Experiment 1 are not simply the result of a selection bias. Although we 
cannot compare the effects of ten hours of action video game playing in the lab with 
weeks, months, or even years of real-world action video game playing, our findings 
strongly suggest that individual differences in the spatial distribution of selective 
attention can be modified by playing action video games as opposed to other varieties 
of video games.       

3   General Discussion 

Our first experiment demonstrated that systematic group differences in attentional 
capacity exist. Action video gamers generally are superior to non-gamers on a test of 
selective attention. Also, males perform better than females in general and this differ-
ence is particularly large among non-gamers. Moreover, these individual differences 
in spatial attention seem to have some impact on their academic and career choices. 
Students with superior selective attentional capacities are more likely to enter science 
and engineering fields. 
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We also explored a possible contributing cause to the observed individual differ-
ences. The results from the training study (Experiment 2) supported our hypothesis 
that action video gaming experience could modify selective attentional capacity. This 
is consistent with the recent results of Green and Bavelier [1]. Our study expands on 
their results by showing that there is a gender difference on the UFOV task whose 
size is much smaller among action video game players compared to non-action video 
game players. Furthermore, we succeeded in reducing the large gender difference 
among non-gamers by training with an action video game. Although ten hours of 
video game playing is not enough to turn a non-gamer into a gamer, the improvement 
in performance that we observed is very encouraging. We have shown that it is possi-
ble to modify a relevant cognitive ability (selective attention) by appropriate training 
and furthermore that pre-existing group differences may be reduced or eliminated.  

We have confirmed that an individual’s spatial attentional capacity can be im-
proved by appropriate cognitive training using an action video game, and we have 
also shown that pre-existing group differences may be reduced or eliminated. Since 
selective attention is a critical ability in various occupations, the playing of action 
video games may make a positive contribution to enhancing the selective attentional 
capacities of the individuals who are subsequently attracted to these occupations.   

Video games are appealing to young people. However, there are concerns that the 
violence in most action video games may be partially responsible for subsequent 
aggressive cognition and behavior [32]. A significant challenge for the video game 
industry is to produce games that retain the elements that require and develop atten-
tional skills but that avoid the negative aspects which may encourage anti-social be-
haviour. New action video games designed specifically for training could yield large 
benefits for the information technology (IT) sector by promoting significant positive 
cognitive changes in young individuals. Such changes in cognitive functioning might 
subsequently be an important factor in helping to attract these individuals to occupa-
tions in IT. Although our study is exploratory and limited in scope, our results suggest 
that playing action video games may yield benefits that go far beyond mere enter-
tainment.  
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