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A. Introduction 

Action video games have been found to improve various cognitive abilities. Most 

established findings are related to information processing speed and attentional 

improvements (Green & Bavelier, 2012; Latham, Patston, & Tippett, 2013; Powers, 

Brooks, Aldrich, Palladino, & Alfieri, 2013). Many of the same cognitive processes seem 

to be important in sports performance, where it has been found that elite athletes of various 

sports excel over non-elites in tasks related to information processing speed and attention 

(Mann, Williams, Ward, & Janelle, 2007; Voss, Kramer, Basak, Prakash, & Roberts, 

2010). The aim of this study was to find some preliminary evidence if the improvements in 

cognitive processes gained from action video gaming might be beneficial in sports. This 

was done by comparing the performance and gaze patterns of action video gamers to non-

video gamers in an anticipation of coincidence task. 

Anticipation of actions and the ability to process the trajectory of a moving object are key 

elements in many ball and shooting games. Anticipation of coincidence is a laboratory test, 

where the task is to anticipate when a moving object arrives at a certain point and coincide 

a button press with it. It’s thought that the task performance depends on the rate of 

information processing, selective attention and the cognitive strategy used (Goodgold-

Edwards, 1991) among others. Athlete performance on this task has produced somewhat 

contradicting results, with some studies indicating elite athletes of ball sports being more 

accurate in this task (e.g. L. R. Williams, Katene, & Fleming, 2002) while in other studies 

no differences have been found compared to non-elites (e.g. Benguigui & Ripoll, 1998). It 

seems that the faster the speed of the moving object and the more variable the possible 

speed change, thus representing more similar conditions to the sports, the more likely it is 

that a difference between elite athletes and non-elites is found (Nakamoto & Mori, 2012; 

Ripoll & Latiri, 1997). Tracking the object with gaze seems to improve the results 

(Bennett, Baures, Hecht, & Benguigui, 2010), but see Haywood, (1977) as cited by 

Goodgold-Edwards (1991) where tracking was not correlated with accuracy in the task. 

The main findings related to gaze about why elite ball sports athletes excel over non-elites 

are that they have a different fixation location before the target is moving, their attention 

shifts quicker to the moving target, their fixations are longer and their so called quiet eye 

(the duration of the last fixation on a location or tracking gaze of a target before a motor 

action is made) is longer (Mann et al., 2007; J. N. Vickers, 2009). 
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Action video games require quick reactions to sudden events, but many games also require 

accurate reactions to known events. Often times the player must react to an animation at a 

certain moment for the action to be successful. That is, the player must first anticipate 

when the animation reaches a certain point and then coincide his/her reaction to that 

moment. Thus it might be reasonable to assume that action video games improve 

anticipation of coincidence. Indeed, Kuhlman and Beitel (1991) found that young children 

aged 7-9 who play video games are better at the anticipation of coincidence task.  

Action video game players (VGP) have been found to have higher selective attentional 

capabilities compared to nonaction-video game players (NVGP). In addition, VGPs 

process visual information quicker (Dye, Green, & Bavelier, 2009; Green & Bavelier, 

2012). One preliminary study on gaze patterns of video gamers suggested that very 

experienced action video gamers might have longer fixation durations while playing 

(Kenny, Koesling, Delaney, McLoone, & Ward, 2005), but Chisholm and Kingstone 

(2012) found no differences in saccade initiation times to targets between VGPs and 

NVGPs. 

In light of all this, we decided to study how adult VGPs fare on an anticipation of 

coincidence task, and do their gaze patterns differ from NVGPs during the task. The 

questions of interest are: whether VGPs can more accurately and with better consistency 

estimate the time it takes a moving object to reach its goal compared to NVGPs, whether 

VGPs can shift their attention to the target quicker and is their quiet eye duration longer. If 

so, this would suggest that the perceptual-cognitive benefits gained from playing action 

video games could be of benefit to ball sports and warrant more research into the matter. 

 

A.1 Video games and cognition 

Video games are an integral part of everyday lives. For example in Finland, up to 74 % of 

the population plays video games at least occasionally (Mäyrä & Ermi, 2014). 

Consequently, video games have received a lot of attention from the scientific community 

in the last decades, with studies ranging from the behavioral effects of violent video games 

(Anderson & Bushman, 2001) to the cultural aspects of video games (Calleja, 2011). 

Although there was a trend to focus mostly on the negative aspects of video games 

(Anderson, 2004), in recent years a plethora of positive effects have been linked to video 
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game playing. Moreover, it is precisely the action video games that previously garnered a 

lot of negative press that induce the greatest benefits.  

VGPs seem to have enhanced perceptual, motoric and cognitive processes. Low level 

processes such as speed of processing perceptual information (Dye et al., 2009; Li, Polat, 

Scalzo, & Bavelier, 2010) as well as the contrast sensitivity (Li, Polat, Makous, & 

Bavelier, 2009) and spatial resolution of vision (Green & Bavelier, 2007) have been found 

to be better on VGPs. Video gamers also have wider field of view (Buckley, Codina, 

Bhardwaj, & Pascalis, 2010). These enhancements are not thought to be happening in early 

vision, but with changes in wiring of the networks in the brain (Bavelier, Green, Pouget, & 

Schrater, 2012). 

VGPs have quicker reaction times in various different kinds of tasks, both when the 

reactions required are very fast, in the range of hundreds of milliseconds, as well as when 

the task requires reaction times that are over a second (Dye et al., 2009). Importantly these, 

on average 12% faster reactions don’t come with any costs in accuracy, as VGPs perform 

in these tasks as accurately as NVGPs. 

Well established effects of action video games on cognition are also found in processes 

dealing with attention. Both selective attention to single locations and the ability to 

disregard distracting information (Green & Bavelier, 2003) as well as divided attention to 

multiple objects have been found to be better on VGPs (Green & Bavelier, 2006b; Oei & 

Patterson, 2013). Attention over time is enhanced as well with findings suggesting that 

VGPs have both the ability to sustain attention for long durations (Dye et al., 2009) and a 

reduced attentional blink effect (Green & Bavelier, 2003). VGPs thus seem to have 

increased attentional capabilities that function faster. 

Playing video games is tapping working memory as well, and the enhancements seem to be 

long lasting (Anguera et al., 2013). VGPs code information into working memory quicker 

(Wilms, Petersen, & Vangkilde, 2013) and they fare better at classical working memory-

tasks as well (Blacker & Curby, 2013; Boot, Kramer, Simons, Fabiani, & Gratton, 2008; 

Clark, Fleck, & Mitroff, 2011; Colzato, van den Wildenberg, Zmigrod, & Hommel, 2013), 

but the capacity of working memory doesn’t seem to be changed (Boot et al., 2008; Wilms 

et al., 2013). 

Executive functions related to multitasking (Anguera et al., 2013; Green & Bavelier, 

2006a; Strobach, Frensch, & Schubert, 2012), task-switching (Boot et al., 2008; Colzato, 
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Van Leeuwen, Van Den Wildenberg, & Hommel, 2010; Strobach et al., 2012) and decision 

making (Green, Pouget, & Bavelier, 2010) are better in VGPs as well. 

It seems that to enhance cognitive capabilities broadly, video games need to be fast paced 

(quick events, high speed of objects), have a high perceptual and cognitive load and require 

accurate and quick motor actions. In the literature these are called action video games, and 

typical examples of this kind of video games include first-person shooters (FPS) such as 

Unreal Tournament 2004 (Epic Games, 2004) and third-person shooters like Max Payne 

(Remedy Entertainment, 2001). Although not defined as action video games, driving 

games often have some of the same features, and seem to induce the same kind of 

cognitive improvements as FPSs (Anguera et al., 2013; Wu & Spence, 2013), but the bulk 

of evidence from video games effects on cognition comes from action video games.  

Similarly to different brain-trainer games and simple minigames, non-action video games 

such as Tetris and The Sims (Maxis, 2000) don’t seem to have such a large improving 

effect on the previously reviewed cognitive processes, if at all, and the possible effects tap 

much smaller variety of them compared to action video games (Baniqued et al., 2013; 

Blacker & Curby, 2013; Green & Bavelier, 2003; Oei & Patterson, 2013; Owen et al., 

2010). 

Most of the results mentioned above have been replicated in training studies, providing a 

causal link between action video games and enhanced cognitive skills. These are done so, 

that first some cognitive tasks are made for a group of non-video gamers. Then the subjects 

are divided into two groups, where one is tasked to play action video games and the other 

plays non-action games for the same amount of time. After playing, the same cognitive 

tasks are done again for both groups. The groups that played action video games quite 

consistently fare better in all sorts of cognitive tasks in the post-playing tests. Playing is 

usually done for a couple of hours a day over a few weeks, and as little as 10h of playing 

(Feng, Spence, & Pratt, 2007) has been found to enhance various cognitive processes of 

non-gamers, while most of the training studies have put the subjects to play for 10–50h 

(Bavelier et al., 2012). 

These effects on cognition appear to be long lasting as well. Feng et al. (2007) found in a 

training study, that the improvements gained from an action video game in a field of view 

task and a mental rotation tasks were still present 5 months afterwards. Similarly, the 

benefits to multitasking, attention and working memory gained from a custom made 
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driving game (Anguera et al., 2013) to elderly subjects were still improved 6 months after 

training. 

With such a diverse range of improvements in cognitive abilities, some researchers have 

suggested that action video gaming improves some single cognitive ability that might have 

an effect on all of these. Dye et al. (2009) hypothesized that improved information 

processing speed could explain VGPs better performance in various task. Bavelier et al. 

(2012) suggested that action video games improve the ability of learning to learn. That is, 

because action video games put the gamer under constantly changing situations where, to 

succeed, one must make quick decisions with limited information, they VGPs must learn to 

deal with this. According to computational theory of the mind, these decisions are based on 

probabilistic inference, where the probability of one action being the correct one out of all 

other possible actions is processed based on the current information. What Bavelier et al. 

(2012) argue, is that VGPs can more quickly learn what is important information for a 

given task and pick it up faster and more accurately, thus leading to better performance in a 

shorter time frame. This has been shown in a task where the motion of a target was meant 

to be tracked with a cursor of a mouse. There were no initial differences in performance 

between VGPs and NVGPs, but after less than seven minutes of doing the task, VGPs 

started to outperform NVGPs (Gozli, Bavelier, & Pratt, 2014) 

Some researchers have criticized the methodologies of game studies (Boot, Blakely, & 

Simons, 2011; Boot et al., 2008), especially the recruitment process. Many studies have not 

specified how they recruited the subjects, and most have used overt recruitment processes, 

which raises the concern that recruited gamers get primed to perform better in the task. 

There have also been some unsuccessful replication attempts (e.g. Boot et al., 2008; 

Murphy & Spencer, 2009; van Ravenzwaaij, Boekel, Forstmann, Ratcliff, & 

Wagenmakers, 2013) of the effects. Still, the vast majority of studies have found 

improvements associated with action video games, with some differences in magnitude and 

transfer, and the criticism has been answered and taken into account (Green & Bavelier, 

2012; Green, Strobach, & Schubert, 2013). 

 

A.2 Sports and cognition 

Elite athletes of various sports seem to perform better on many cognitive tasks, somewhat 

overlapping with those found to be improved in video game studies. Different sports have 
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been found to have an effect on executive functions like task switching (Themanson, 

Hillman, & Curtin, 2006) and multitasking (Hawkins, Kramer, & Capaldi, 1992), 

attentional capabilities (Voss et al., 2010) and visualization abilities (Moreau, Mansy-

Dannay, Clerc, & Guerrien, 2011) (for a meta-analysis, see Smith et al. (2010)). 

Most established correlation between high level sports performance and cognitive skills 

have been made with information processing speed. Elite athletes of fast paced interceptive 

sports can pick up relevant information quicker and react to it faster and more accurately 

(Mann et al., 2007; Voss et al., 2010), but it might be that athletes react quicker mostly to 

stimuli that requires similar processing as the sport itself (Kida, Oda, & Matsumura, 2005; 

Ripoll & Latiri, 1997). It has been hypothesized that athletes have “enhanced 

‘computational’ sophistication and improved strategic processing of sport-specific 

information” (A. M. Williams, 2002). Although most of the sports studies have been done 

in somewhat ecological settings, expert athletes have been found to have increased 

processing speed and perform better on various attentional tasks in laboratory settings as 

well (Voss et al., 2010).  

In sports studies, the performance of elite athletes is usually compared to that of casual 

players of the same sport, and definitely causal links are not usually presented, meaning the 

elite athletes might have naturally higher level of cognitive skill. Some research has shown 

causal link between aerobic exercise and improved cognitive skills on older adults, though 

(Erickson & Kramer, 2009). 

There’s been a longish tradition in the sports community on trying to find brain trainers to 

accompany the sport training itself. By using various eye-exercises, the aim has been to 

improve sports performance by improving visual processes, but the current consensus is 

that, on healthy subjects, what is learned with these vision trainers doesn’t transfer to other 

tasks and is not useful for sports performance (Abernethy & Wood, 2001; Barrett, 2009; 

Wood & Abernethy, 1997).  

Fast interceptive sports seem to require some of the same cognitive processes found to be 

improved by action video games. As action video games have shown to have a wide 

transfer to different skills, the prospect of action video games improving performance in 

fast interceptive sports is intriguing. 
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A.3 Eye movements 

One preliminary study on gaze patterns of video gamers suggested that very experienced 

VGPs might have longer fixation durations while playing (Kenny et al., 2005). Compared 

to NVGPs, VGPs have been reported to be quicker to find targets among distractors (Feng 

et al., 2007; Green & Bavelier, 2003), but Chisholm and Kingstone (2012) found no 

statistically significant differences in saccade times to targets between VGPs and NVGPs, 

although VGPs had a slightly quicker saccade latencies. In general, very few eye 

movement studies have been done when researching the effects of action video games. 

Elite athletes of ball sports focus their attention to more informative cues, they fixate their 

gaze quicker to the target, their fixations are fewer and longer and their quiet eye is longer 

(Mann et al., 2007; Memmert, 2009; J. N. Vickers, 2009). Compared to non-athletes, 

expert athletes have been found to be generally better at tracking moving objects (Uchida, 

Kudoh, Murakami, Honda, & Kitazawa, 2012). 

Quiet eye is defined for a given task as the last fixation or tracking gaze before action 

initiation on a location or a target within 3 degrees of visual angle for at least 100 ms (J. N. 

Vickers, 2009). Quiet eye onset starts before the final motor action and it ends when the 

gaze deviates away from the location or target by more than 3 degrees of visual angle for a 

minimum of 100 ms. This means that the quiet eye can last even after the motor action is 

made. 

Quiet eye has been found to be relevant for example in targeting tasks (Causer, Bennett, 

Holmes, Janelle, & Williams, 2010; A. M. Williams, Singer, & Frehlich, 2002) and 

interceptive timing tasks (Adolphe, Vickers, & LaPlante, 1997; J. N. Vickers & Adolphe, 

1997). It is beneficial in both self-paced tasks (Vine, Moore, & Wilson, 2011) and forced-

paced tasks (Rodrigues, Vickers, & Williams, 2002) and the effects have been replicated 

both in laboratory settings (Behan & Wilson, 2008) and in the field (J. N. Vickers & 

Adolphe, 1997). It has also been established that training of the same sort of attentional 

focusing and quiet eye patterns found in elite athletes enhance performance in various 

sports, such as tennis (A. M. Williams, Ward, Knowles, & Smeeton, 2002), volleyball 

(Adolphe et al., 1997) and shooting (Causer, Holmes, & Williams, 2011) (see Vine, 

Moore, and Wilson (2014) for a review). Whether the quiet eye is relevant for success in 

the current anticipation of coincidence task is examined. 
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A.4 Anticipation of coincidence 

Anticipation of coincidence is a test where the task is to estimate when a moving target 

arrives at a certain point. The target can either move at different constant speeds, accelerate 

or decelerate. It’s thought that the task performance depends on the rate of information 

processing, selective attention and the cognitive strategy used (Goodgold-Edwards, 1991). 

Using suddenly decelerating speeds Nakamoto and Mori (2012) found in an EEG study 

that baseball experts, who had higher accuracy in the task, showed enhanced event-related 

potentials related to stimulus detection, motor inhibition and reprogramming of motor 

actions. This was taken to suggest that accurate performance on the task with speed change 

requires quick detection of target velocity change and strong inhibition of the previous 

response while reprogramming the motor action to the new velocity. This visuomotor 

delay has been found to be shorter in elite athletes also by others (Le Runigo, Benguigui, & 

Bardy, 2010; Lobjois, Benguigui, & Bertsch, 2005) 

Athlete performance on this task seems to produce somewhat contradicting results, with 

some studies indicating elite athletes of ball sports being more accurate in this task (e.g. L. 

R. Williams, Katene, & Fleming, 2002) while in other studies no differences have been 

found compared to novices (e.g. Benguigui & Ripoll, 1998). It seems that the faster the 

speed of the moving object and the more variable the speed change, thus representing more 

similar conditions to the sports, the more likely it is that a difference between athletes and 

non-athletes is found (Nakamoto & Mori, 2012; Ripoll & Latiri, 1997). Tracking the object 

with gaze seems to improve the results in a similar task (Bennett et al., 2010) but see 

Haywood, (1977) as cited by Goodgold-Edwards (1991) where tracking was not correlated 

with accuracy in the task. Concerning this, Goodgold-Edwards (1991) criticized the usage 

of temporal error to measure coincidence anticipation accuracy when the stimulus speeds 

are varied because it can hide large errors in accuracy measured in distance when the 

stimulus is moving at high speeds. It was suggested that accuracy should be measured in 

distance error, and that approach has been adopted in this study. 

The anticipation of coincidence task is usually done with a Bassin timer or similar 

experimental display 4m in length that is composed of many LEDs that by lighting up at 

different times simulate the moving of a target. Coincidence anticipation task done on 

computer screen has also successfully distinguished athletes of ball sports from non-

athletes (Nuri, Shadmehr, Ghotbi, & Attarbashi Moghadam, 2013). 
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Benguigui and Ripoll (1998) found that children aged 7 who are experienced tennis players 

fare better at the task compared to novices. At the age of 10, both groups were as good at 

the task as older adults with whom there were no differences between tennis players and 

novices. The authors interpreted this as meaning that the visuomotor processes involved in 

anticipation of coincidence mature with age to a certain level, and this maturation process 

is accelerated by tennis practice. Kuhlman and Beitel (1991) compared children aged 7-9 

who either played video games or not on the task and found out that children who play 

video games are more accurate and have more consistent responses on it. 

Three measures of accuracy on the task are usually collected:  

 Constant error: mean of the under- and overestimations of coincidence. This tells 

whether the responses are, on average before or after the target has reached the 

ending point 

 Absolute error: mean of the absolute values of estimations of coincidence. This 

measures the magnitude of the error 

 Variable error: Standard deviation of the estimations around mean constant error 

measuring the consistency of performance 

Since the anticipation of coincidence tasks is thought to require some of the same cognitive 

and visuomotor processes found to be improved by action video games, the hypothesis of 

this study is that VGPs fare better in the task compared to NVGPs. If so, as games improve 

performance on a task that differentiates elite athletes of fast ball sports from non-elites, it 

might be that action video games improve sports performance. Since eye movements might 

have an effect on the performance in the task and more in general, they are of importance 

in sports performance, it is investigated whether VGPs differ in their gaze patterns 

compared to NVGPs. Of interest is especially whether VGPs fixate to the target quicker 

and whether their quiet eye is longer. 
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B. Methods 

B.1 Subjects 

VGPs had played FPSs for a minimum of 3h a week in the previous 6 months. NVGPs had 

played little to no FPSs or other action video games in the previous 6 months. Sports 

background was controlled so that none were professional athletes in any sports. 

Subjects were recruited in two ways, covertly and overtly. First, a background 

questionnaire was sent with an invitation to an experiment studying visual attention to 

university student e-mail lists, to where the subjects were to be chosen according to their 

background. 6 NVGPs and 2 VGPs were recruited in this way. Because of the low amount 

of enrolled participants, another, overt email was sent to the student lists, asking for 

subjects who play a lot of FPS-games. 8 VGPs were gathered in this way. In addition 3 

NVGPs were authors’ acquaintances. In total 10 VGPs (1 female) and 9 NVGPs (1 female) 

participated in the study. Mean age was 24.6 (min 20, max 30). All subjects were right 

handed. Subjects received a movie ticket for participating in the experiment. 

 

B.2 Apparatus 

The stimuli were displayed on a 22 inch NEC MultiSync FP2141SB - CRT monitor with 

1600x1200 resolution and 85 Hz refresh rate. Viewing distance was 85 cm, so that at the 

screen center there was 61 pixels/degree of visual angle. Subjects held their head on a chin 

rest so that their eye-level was at the top half of the screen (Figure 1). 

Eye movements were recorded using EyeLink 1000 Plus Desktop Mount made by SR 

Research. It was controlled and the data was gathered with EyeLink Toolbox Version 3.0.8 

(Cornelissen, Peters, & Palmer, 2002) extension for MATLAB. Only the right eye position 

was recorder and analyzed with a sampling rate of 1 kHz. This high sampling rate is 

recommended by the manufacturer when the aim of the task is to track moving targets. The 

spatial resolution of the eye tracker is < 0.01 degrees with an average accuracy of 0.25 - 

0.5 degrees and processing latency < 1.8 ms as reported by the manufacturer. 
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Figure 1. The test setup 

 

B.3 Stimuli 

The stimuli were created using Psychophysics Toolbox Version 3.0.8 (Brainard, 1997) for 

MATLAB (Version 2014b). 

The stimuli were presented on a grey background (Figure 2). The target circle and ending 

line were white. The diameter of the target circle was 0.5 degrees and the width of the 

ending line was 0.05 degrees and the length 2.6 degrees. The circle and ending line 

appeared at 1.3 degrees away from the edges of the screen at the opposite ends and the 

distance between the circle and the ending line was 23.6 degrees when the circle was 

moving horizontally and 17.8 degrees when moving vertically. The target circle could 

appear at the middle point of any of the four edges of the screen. 

The time it took for the target to move to the ending line was fixed in the three different 

speeds, so the speed of the target was different for horizontal and vertical trials. The 

moving times on the constant speed condition were 784 ms, 361 ms and 242 ms for the 

slow, middle and fast speeds respectively and 1172 ms (392 ms at faster speed,780 ms at 

Chin rest 

Response 

button 

Eye tracker 

Stimulus 

display 
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         Distance to the ending line (deg)

Horisontal Vertical

23.60 17.80
Speed Initial speed (deg/s)  Speed after deceleration (deg/s) Time of arrival to the ending line (ms) Time of arrival after

Horizontal Vertical Horizontal Vertical Constant Deceleration  speed change (ms)

Slow 30 23 15 11.5 784 1172 780

Medium 65 50 32.5 25 361 537 357

Fast 100 74 50 37 242 348 227

slower speed), 537 ms (181 ms faster, 357 ms slower) and 348 ms (121 ms faster, 227 ms 

slower) in the deceleration condition. 

The circle started to move in one of three different speeds. When moving horizontally the 

speed was either 30, 65 or 100 degrees/second, and when vertically either 23, 50 or 74 

degrees/second. On half of the trials, the speed of the circle was reduced by 50 % at 

midway and it moved with this reduced speed for the rest of the way. For the rest of the 

paper the speeds are referred as slow, medium and fast for both horizontal and vertical 

versions. 

The fastest horizontal speed was chosen as the same speed has been used in a sports study 

(Ripoll & Latiri, 1997) and the medium and slow speed had somewhat similar timeframes 

as used other studies (Nakamoto & Mori, 2012; Ripoll & Latiri, 1997). 

 

 

 

Table 1. Summary of stimulus speeds and times it took for the target to reach the ending 

line in the different conditions. 

 

 

 

 

 

          

 

Figure 2. Schematic of the procedure and the stimuli. After the fixation cross disappeared, 

empty screen was shown for 200 ms and then the target and ending line appeared. After 

500 ms the target circle began to move towards the ending line, and the task was to 

coincide a button press with the arrival. The target could appear at any edge of the screen. 

 

200 ms 
500 ms 

Velocity varied 

1000 ms 
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B.4 Procedure 

The subject was instructed to anticipate when the moving circle would be on top of the 

line, and coincide with it a pressing of the Del-key of the keyboards numpad with the 

forefinger of their right hand. 

First, the subject did a short training on the task.  The training consisted of the same task as 

described below, but the circle could appear only either at the top or left edge of the screen. 

Training lasted for 6 trials, on which the program gave feedback to the subjects whether 

they pressed the button too early, too late or approximately correctly. The training was kept 

short to minimize possible learning. 

After the training, the eye-tracker was calibrated. Calibration was done with Eyelinks nine-

point calibration. After the calibration, the experiment started. 

First a fixation cross appeared at the middle of the screen for 1 second. Subjects were 

instructed to fixate to it, but after its disappearance they were free to move their eyes. After 

the fixation cross disappeared, an empty screen was presented for 200 ms after which the 

circle and the ending line appeared on the screen at the opposite edges. The circle could 

either appear at the left, right, top or bottom edge of the screen. After 500 ms, the circle 

started to move towards the ending line on one of the three speeds. The circle continued its 

movement irrespective of whether the subject had pressed the button or not, and continued 

its movement until it was 720 pixels away from the ending line. Then there was a pause for 

600 ms and a new trial started. 

Within one round of the task, each variation was repeated 6 times, totaling 144 trials per 

round (6 repetitions * 4 directions * 3 speeds * 2 constant speed or deceleration). The order 

of the variations was randomized. There were in total four rounds, so each variation was 

repeated in total 24 times, totaling 576 trials. Each round lasted approximately 10 minutes 

and after each round the subjects filled a short questionnaire about the feelings evoked 

during the task. The questionnaire data was not used in this thesis. 

 

B.5 Preparatory analysis of gaze data 

Eye movement data was first analyzed computationally to identify the visual strategy used 

during every trial. The period of interest was from the appearance of the target and ending 

line on the screen to the pressing of the button. It was analyzed so that if the gaze was 
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Strategy Target 

Gaze was tracking the target 

when pressing the button. 

Strategy Middle 

Gaze was held at the middle 

when pressing the button. 

Strategy Line 

Gaze held at the ending line 

when pressing the button. 

within 3 degrees of visual angle of either the target, the middle of the screen or the ending 

line, it was categorized as either tracking the target, staring at the middle or at the ending 

line, respectively. When these overlapped, that is, when the target moved through the 

middle or the ending line, where the gaze was first was used to determine what was 

tracked/fixated upon. For example, if the gaze was tracking the target before and after the 

target moved through the middle, the “fixation at the middle“ was ignored, and the 

algorithm analyzed this part as “tracking the target”. If the gaze was fixated at the middle 

before and after the target moved through it, the algorithm categorized this as “fixation at 

the middle”. If the target was tracked to the middle, but then the gaze stayed at the middle 

for the rest of the trials duration, these were categorized as separate gaze events. Similarly 

if the gaze was first fixated at the middle, but after the target came there it was tracked 

until the end, these were categorized as separate gaze events. 

The selection of 3 degrees of visual angle was based on the literature on quiet eye effect (J. 

N. Vickers, 2009), where fixating on a location or tracking a target within 3 degrees has 

been found to have significant effects on performance in various tasks. 

First, 13 different strategies were identified that were simplified into three general 

strategies. The defining factor for the strategy was the last fixation or tracking gaze before 

pressing the button. The strategies were 1) Tracking the target (called strategy Target), 2) 

Fixating on the middle of the screen (Middle), 3) Fixating on the ending line (Line). On 8.8 

% of trials (431 trials) the gaze data was either missing (2.9 %) or very noisy and couldn’t 

be analyzed (5.9 %). These trials were removed from the analyses related to eye 

movements. 

 

 

 

 

 

 

 

 

 

Figure 3. Schematic representation of the different strategies. 
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The existence of quiet eye and its possible duration were calculated from this last fixation. 

Because the optimal strategy and thus, the optimal target where to fixate or what to track 

was not known beforehand, the quiet eye was defined separately for the three different 

strategies. For strategy Target, it was the last tracking gaze before button press, for strategy 

Middle, it was the last fixation on the middle of the screen before button press and for 

strategy Line, it was the last fixation on the ending line before button press. For each of 

these strategies, quiet eye was happening if the fixation was within 3 degrees of vision of 

the strategy specific target, for at least 100 ms and the quiet eye was defined to end after 

deviating from the target for more than 3 degrees for longer than 100 ms. 

Additionally, the latency of the first fixation to the target or ending line from their 

appearance on the screen was analyzed. Here, the eye trackers own algorithm was used to 

determine when the saccade to the target/ending line was over and fixation began. Only 

trials where the subject fixated to either of these before the target started to move were 

included in this analysis. 1008 (VGP: 265) trials (10.3 %) were included in the fixation to 

target and 2617 (VGP: 1470) trials (26.7 %) in the fixation to the ending line. 
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C. Results 

The data of two VGPs were removed from the analyses. One VGPs eye movement data 

was very noisy and the other VGP had seemed to misunderstand the task. In total, 8 VGPs 

(1 female) and 9 NVGPs (1 female) were included in the final analyzes. All of the data was 

analyzed using IBM SPSS Statistics version 22. 

On 1.6% of trials no pressing of a button was recorded. 

For variable error analysis, standard deviations of the 6 replications of each experimental 

combination made in one round were used. 

 

C.1 Behavioral data 

For all of the errors, constant error (CE), absolute error (AE) and variable error (VE) in 

degrees of visual angle, data were analyzed using linear mixed model analysis with Speed 

(Slow/Medium/Fast), Velocity change (Constant/Deceleration condition) and Gamer status 

(VGP/NVGP) being the fixed effects. Subject and Subject x Round interaction were 

assigned as random effects. If significant differences were found in any of the analyses, 

Bonferroni adjustment for multiple comparisons was used for all post hoc pair-wise 

comparisons. 95% confidence interval was used in the analyses.  

The different directions were not of major interest in this study, but since the horizontal 

and vertical trials varied in speed, it was hypothesized that their results might vary. But for 

the analyses the two horizontal versions were combined, and the same was done for the 

vertical trials. It was then investigated whether these different combined directions had an 

effect on CE or AE. The mean CE and AE were subjected to a linear mixed model 

analysis, with Speed, Direction and Velocity change as fixed effects and with Subject and 

Subject x Round interaction assigned as random effects. For both CE and AE, all of the 

main effects and interactions were significant (p < 0.01). As the horizontal and vertical 

tasks differed from each other, the rest of the analyses were run separately for these 

different directions. 
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C.1.1 Horizontal direction 

The results of CE, AE and VE in the horizontal direction are shown in Table 2. 

For CE, the main effect of Gamer status was significant (F (1, 15) = 0.19, p = 0.67), and 

although second order interactions were significant (Speed x Gamer (F (2, 4693) = 7.92, p 

< 0.001), Velocity change x Gamer (F (1, 4693) = 6.28, p = 0.01), post hoc pairwise 

comparisons didn’t show any significant differences for Gamer interactions (all p > 0.35), 

indicating that Gamer status didn’t have an effect on CE. Both Speed (F (2, 4693) = 

1743.80, p < 0.01) and Velocity change (F (1, 4693) = 4378.25, p < 0.01) had significant 

main effects. The three way interaction with Speed x Velocity change X Gamer status was 

not significant (F (1, 4693) = 2.51, p = 0.08).  

For AE, the main effect of Gamer status wasn’t significant (F (1, 15) =1.16, p = 0.30) but 

third order interaction Speed x Velocity change x Gamer was (F (2, 4695) = 12.74, p < 

0.001) and post hoc analysis showed VGPs performing more accurately on Slow speed, 

Deceleration condition (p = 0.04) and Medium speed, Constant condition (p < 0.01). 

Velocity change x Gamer interaction was significant as well (F (2, 4695) = 12.87, p < 

0.001), but the post hoc comparisons were not (p > 0.06). Both Speed (F (2, 4695) = 

1122.64, p < 0.001) and Velocity change (F (1, 4695) = 395.78, p < 0.001) had significant 

main effects. Speed x Gamer interaction was not significant (F (2, 4695) = 1.19, p = 0.30).  

For VE, main effect of Gamer status wasn’t significant (F (1, 15) = 0.387, p = 0.54) and 

neither were any of the interactions (all p > 0.13), meaning the consistency of responses of 

VGPs and NVGPs didn’t differ statistically significantly. Speed (F (2, 330) = 64.03, p < 

0.001) and Velocity change (F (1, 3330) = 20.84, p < 0.001) had significant main effects. 

 

C.1.2 Vertical direction 

The results of CE, AE and VE in the vertical direction are shown in Table 3. 

For CE, main effect of Gamer status wasn’t significant (F (1, 15) = 0.15, p = 0.70). 

Although the second order interaction of Speed x Gamer was significant (F (2, 4787) = 

17.69, p < 0.001), post hoc pairwise comparisons didn’t show any significant differences. 

This implies that VGPs and NVGPs had similar bias in their responses. Both Speed (F (2, 

4787) = 1513.57, p < 0.001) and Velocity change (F (1, 4787) = 4033.09, p < 0.001) had 

significant main effects. Second order interaction Velocity change x Gamer was not 
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significant (F (1, 4787) = 3.19, p = 0.07) and neither was the three way interaction with 

Speed x Velocity change X Gamer (F (1, 4787) = 1.30, p = 0.27). 

For AE, main effect of Gamer status was just about statistically significant (F (1, 15) = 

4.48, p = 0.05) indicating that VGPs had smaller AE than NVGPs. Velocity change x 

Gamer and Speed x Velocity change x Gamer interactions were significant, pairwise 

analyses showing that VGPs performed better at all of the Constant conditions (Slow: p = 

0.01; Medium: p < 0.01; Fast: p < 0.001) as well as in the Deceleration condition of Slow 

speed (p = 0.04). Both the main effects of Speed (F (2, 4788) = 778.41, p < 0.001) and 

Velocity change (F (1, 4787) = 300.57, p < 0.001) were significant. Speed x Gamer was 

not (F (2, 4788) = 2.10, p = 0.12). 

For VE Main effect of Gamer status wasn’t significant (F (1, 17) = 2.80, p = 0.11). Two 

way interaction for Speed x Gamer was statistically significant (F (2, 333) = 3.34, p = 

0.04), post hoc comparisons showing VGPs having more consistent performance in the 

Slow speeds (p < 0.01). Other Gamer status interactions were not statistically significant 

(all p > 0.67). Speed (F (2, 330) = 30.94, p < 0.001) and Velocity change (F (1, 339) = 

48.48, p < 0.001) had significant main effects. 
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Horizontal 

 

 

 

Table 2. Constant errors (CE), Absolute errors (AE) and Variable errors (VE) and the standard deviations 

(SD) measured in degrees of visual angle for the Horizontal direction. a), b) and c) are for the Constant speed 

condition, d), e) and f) for the Deceleration condition. Action video gamers (VGP) are represented by blue 

lines and non-video gamers (NVGP) by red lines. Significant differences are shown in the graphs as * = p < 

0.05, ** = p < 0.01, *** = p < 0.001. 

 

 

Speed Gamer CE CE SD AE AE SD VE VE SD

Slow NVGP -0.45 2.20 1.51 1.66 1.42 1.03

Slow VGP -0.81 1.97 1.36 1.63 1.48 1.11

Constant Medium NVGP 0.91 4.39 3.87 2.26 2.85 0.86

speed Medium VGP 0.31 3.60 3.07 1.90 2.86 0.83

Fast NVGP 7.21 2.98 7.24 2.92 2.14 0.65

Fast VGP 6.72 2.86 6.72 2.86 2.15 0.55

Slow NVGP -1.01 2.92 1.37 2.77 1.57 1.83

Slow VGP -0.61 1.38 0.82 1.27 0.87 1.00

Deceleration Medium NVGP -4.18 3.61 4.78 2.76 2.40 0.78

condition Medium VGP -4.72 3.03 5.06 2.43 2.34 1.06

Fast NVGP -1.09 2.26 2.02 1.49 1.58 0.62

Fast VGP -1.52 2.25 2.24 1.53 1.59 0.92
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The variable error was significant only on the 

second order of interaction: Speed x Gamer 

Vertical 

 

    

 

Table 3. Constant errors (CE), Absolute errors (AE) and Variable errors (VE) and the standard deviations 

(SD) measured in degrees of visual angle for the Vertical direction. a), b) and c) are for the Constant speed 

condition, d), e) and f) for the Deceleration condition. Action video gamers (VGP) are represented by blue 

lines and non-video gamers (NVGP) by red lines. Significant differences are shown in the graphs as * = p < 

0.05, ** = p < 0.01, *** = p < 0.001. 

 

 

Speed Gamer CE CE SD AE AE SD VE VE SD

Slow NVGP -0.79 2.50 1.54 2.13 1.62 1.26

Slow VGP -0.77 1.53 1.02 1.38 1.13 0.87

Constant Medium NVGP 0.63 3.29 2.84 1.77 2.30 0.54

speed Medium VGP 0.35 2.78 2.24 1.68 2.21 0.78

Fast NVGP 5.65 2.70 5.71 2.58 1.98 0.46

Fast VGP 4.81 2.33 4.82 2.32 1.77 0.50

Slow NVGP -0.96 2.23 1.19 2.11 1.35 1.41

Slow VGP -0.69 1.36 0.79 1.31 0.85 1.03

Deceleration Medium NVGP -3.21 2.58 3.60 1.99 1.65 0.55

condition Medium VGP -3.53 2.36 3.80 1.89 1.68 0.69

Fast NVGP -0.99 1.60 1.54 1.09 1.23 0.36

Fast VGP -1.45 1.57 1.81 1.13 1.11 0.59
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C.2 Eye movements 

C.2.1 General 

Ideal Strategy 

Best strategy for both directions regarding absolute error was determined with linear mixed 

model analysis with Speed, Velocity change and Strategy being the fixed effects. Subject 

and Subject x Round interaction were assigned as random effects. 

For Horizontal direction, all main effects and interactions were significant at least on p = 

0.04 level (of interest here: Strategy F (2, 3826) = 26.80, p < 0.001 and Speed x Velocity 

change x Strategy F (4, 4313) = 2.51, p = 0.04). Post hoc tests for Strategy revealed that 

using Strategy Target (M = 3.19) and Strategy Line (M = 3.31) resulted in significantly 

more accurate results than Strategy Middle (M = 4.09) (both p < 0.001). When looking at 

the different combinations, the above held true for Slow speed, Constant and Deceleration 

conditions (p < 0.001). For Medium speed, Deceleration condition, Strategy Line was 

significantly better than Strategy Middle (p < 0.001). On Fast speed, Constant condition, 

Strategy Target was significantly better than Strategy Line (p < 0.001) and Strategy Middle 

was significantly better than Strategy Line (p = 0.02) 

For Vertical direction the same was true for the fixed effects (Strategy F (2, 3887) = 21.27, 

p < 0.001, Speed x Velocity change x Strategy F (4, 4484) = 6.09)). Strategy Target (M = 

2.47) and Strategy Line (M = 2.55), were significantly better than Strategy Middle (M = 

3.13) in the post hoc comparisons (both p < 0.001). When looking at the different 

combinations, on Slow speed, Constant condition, Strategy Target and Strategy Line were 

significantly better than Strategy Middle (p = 0.05), and on Deceleration condition, 

Strategy Target and Strategy Line were significantly better than Strategy Middle (p < 

0.001). In Fast speed, Constant condition, Strategy Target was better than either Strategy 

Middle or Strategy Line (p < 0.01). 

Effects of quiet eye 

Whether the existence of quiet eye had any effect on the results of AE was analyzed 

separately for the Constant and Deceleration conditions with Speed, Strategy and QE 

(quiet eye) being the fixed effects and Subject and Subject x Round interaction assigned as 

random effects. 
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On Horizontal trials, quiet eye had no effect on the Constant speed trials. In the 

Deceleration condition the main effect of QE (F (1, 2187) = 13.14, p < 0.001) and Speed x 

QE (F (2, 2170) = 4.76, p < 0.01) and Speed x Strategy x QE (F (4, 2177) = 6.80, p < 

0.001) interactions were significant. Post hoc comparisons indicated that trials with QE (M 

= 2.88) were more accurate than trials without (M = 3.45) (p < 0.01), specifically in Slow 

speed (with QE (M = 1.56), without (M = 2.46), p = 0.01) with Strategy Middle (with QE 

(M = 2.66), without (M = 5.76), p < 0.001) and in Medium speed (with QE (M = 4.94), 

without (M = 5.72) p < 0.001)) with Strategy Line (with QE (M = 4.32) without (M = 

6.11), p < 0.001). 

On the Vertical trials and Constant speed, Speed x QE (F (2, 2230) = 8.77, p < 0.001) was 

statistically significant. Pairwise comparisons indicated that in Slow speed trials with QE 

(M = 1.30) were more accurate than trials without (M = 2.40) (p < 0.01) and in Fast speed, 

trials with QE (M = 5.36 degrees) were less accurate than trials without (M = 4.80 degrees) 

(p = 0.02). In the Deceleration condition, main effect of QE (F (1, 2185) = 24.74, p < 

0.001) and all interactions (Speed x QE (F (2, 2229) = 10.39, p < 0.001), Strategy x QE (F 

(2, 2235) = 5.25, p < 0.01) and Speed x Strategy x QE (F (4, 2234) = 6.59, p < 0.001)) 

were statistically significant. Post hoc test revealed significant benefit of QE (M = 2.27, 

without M = 2.89, p < 0.001), specifically in Slow speed with Strategy Middle (with QE 

(M = 2.52), without (M = 5.78), p < 0.001) and Medium speed, Strategy Line (with QE (M 

= 3.45), without (M = 4.72), p < 0.001)  

 

C.2.2 Comparing VGPs and NVGPs 

Preferred strategies 

VGPs and NVGPs preferred strategies were investigated and they were: tracking the target: 

28.4 % vs. 31.3 %; fixating on the middle: 13.4 % vs. 16.6 %; and fixating on the ending 

line: 58.2 % vs. 52.1 % of trials for VGPs and NVGPs, respectively. A chi-square test was 

performed to examine whether VGPs and NVGPs preferred strategies differed statistically 

significantly and the preferences were not equally distributed neither in the Horizontal χ2 

(2, N = 4465) = 30.15, p < 0.01, nor the Vertical variations χ2 (2, N= 4565) = 9.59, p < 

0.01. So, in general, VGPs tended to fixate at the ending line more, while NVGPs tracked 

the target and fixated on the middle more often. This was generally the case for all the 
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combinations of different speeds and directions, but on the deceleration condition, VGPs 

tracked the target as often as NVGPs on every speed. 

 

 

Figure 4. Absolute error with different strategies over all of the trial combinations. The main effect of Gamer 

was statistically significant in vertical direction (p = 0.05), but Strategy x Gamer interaction was not. 

Accuracy with different strategies 

VGPs were generally more accurate in the task when measured with AE over all the 

variations with all of the strategies (see Figure 4), although only on the Vertical direction, 

the main effect of Gamer status reached significance (F (1, 17) = 4.41, p = 0.05). Strategy 

x Gamer interaction wasn’t significant in either direction (Horizontal: F (2, 4211) = 2.60, p 

= 0.08; Vertical: F (2, 3385) = 2.20, p = 0.11). When looking through the combinations, 

the Constant and Deceleration conditions were analyzed separately to keep the analyses 

simpler. Analysis was done with linear mixed models with Speed, Strategy and Gamer 

status as fixed effects and Subject and Subject x Round as random effects.  

On the Horizontal trials, in Deceleration condition, all of the Gamer status interactions 

were significant, including Speed x Strategy x Gamer (F (4, 2168) = 8.05, p < 0.001). Post 

hoc comparisons indicated that VGPs were more accurate compared to NVGPs in Slow 

speed with Strategy Middle (p < 0.01) (1.42 degrees vs 5.45 degrees). In Constant speed 

condition, no significant Gamer status interactions were found. 

On the Vertical trials, statistically significant Speed x Strategy x Gamer interaction was 

found (F (4, 2230) = 5.35, p < 0.001) on the Constant speed condition, with post hoc test 

showing significantly more accurate results for VGPs in Slow speed with Strategy Middle 

(0.89 degrees vs. 2.43 degrees, p = 0.01), and in Medium speed with Strategy Target (1.73 
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degrees vs. 2.99 degrees, p < 0.01) and Fast speed with Strategy Middle (4.81 degrees vs. 

5.89 degrees, p < 0.01)) and Strategy Line (4.94 degrees vs. 6.03 degrees, p < 0.01)). In the 

Deceleration condition Strategy x Gamer interaction was significant (F (2, 2227) = 4.16, p 

= 0.02), but post hoc test were not. 

 

Percentage of trials with quiet eye 

The rates of achieving quiet eye with Strategy Target are shown in Table 4. When looking 

the combined scores of all experimental combinations on the Horizontal trials, no 

significant differences were found between VGPs and NVGPs in the rate of achieving 

quiet eye, when analyzed with a chi-square test. When looking through the different 

combinations of Speed and Velocity change, VGPs had relatively more QEs with Strategy 

Target in Fast speed, Deceleration condition (χ2 (1, N = 244) = 4.81, p = 0.03) (VGP: 50.9 

% vs. NVGP: 36.9 %). NVGPs had QEs significantly more often on Slow speed, 

Deceleration condition with Strategy Target, (χ2 (1, N = 258) = 16.25, p < 0.001) (78.2 % 

vs. 95.0 %) and with Strategy Line (χ2 (1, N = 455) = 9.86, p < 0.01) (94.9 % vs. 99.6 %) 

and on the Fast speed, Deceleration condition with Strategy Middle (χ2 (1, N = 129) = 

5.26, p = 0.02) (75.0 % vs. 90.1 %). 

The combined scores of all variations on the Vertical trials showed that NVGPs had QE 

more often using Strategy Target (χ2 (1, N = 1328) = 5.36, p = 0.02) (69.0 % vs. 74.7 %) 

and Strategy Middle (χ2 (1, N = 678) = 4.91, p = 0.03) (83.4 % vs. 89.3 %) while VGPs 

had QE more often using Strategy Line (χ2 (1, N= 2559) = 10.22, p < 0.01) (94.6 % vs. 

91.4 %). When looking through the different combinations of Speed and Velocity change, 

VGPs had QE more often with Strategy Target on Fast speed, Deceleration condition (χ2 

(1, N = 243) = 4.00, p < 0.05) (75.4 % vs. 63.6 %) and with Strategy Line on Medium 

Speed, both in Constant speed (χ2 (1, N = 410) = 5.21, p = 0.02) (95.9 % vs. 90.2 %) and in 

Deceleration condition (χ2 (1, N = 473) = 11.29, p < 0.01) (93.3 % vs. 83.2 %). NVGPs 

had relatively more QE with Strategy Target on Slow, Constant condition (χ2 (1, N = 266) 

= 9.90, p < 0.01) (80.2 % vs. 93.1 %) and Deceleration condition (χ2 (1, N = 240) = 10.10, 

p < 0.01) (77.4 % vs. 92.2 %) and on Medium, Constant condition (χ2 (1, N = 221) = 6.59, 

p = 0.01) (77.9 % vs. 90.4 %). 
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Table 4. Percentage of trials where quiet eye was achieved when tracking the target (using Strategy Target) 

for horizontal and vertical directions. NVGPs tended to have quiet eye more often in the slower speeds, 

whereas VGPs had quiet eye more often in the fast speeds. Statistically significant differences indicated with 

color. 

 

Quiet eye length 

Quiet eye length was analyzed separately for the Constant and Deceleration conditions 

with a linear mixed model with Speed, Strategy and Gamer status as fixed effects and 

Subject and Subject x Round as random effects.  

For Horizontal trials with Constant speed condition, both Strategy x Gamer (F (2, 2216) = 

27.16, p < 0.001) and Speed x Strategy x Gamer (F (4, 2188) = 9.47, p < 0.001) 

interactions were statistically significant. Post hoc test showed NVGPs having longer QE 

especially with Strategy Middle in Slow speed (595 ms vs 1281 ms, p < 0.001). In 

Deceleration condition both Strategy x Gamer (F (2, 2191) = 29.29, p < 0.001) and Speed 

x Strategy x Gamer (F (4, 2154) = 5.12, p < 0.001) interactions were statistically 

significant as well. Pairwise comparisons showed NVGPs having longer QEs with Strategy 

Middle specifically in Slow speed (579 ms vs. 1632 ms, p < 0.001). 

For Vertical trials, in the Constant speed condition, Strategy x Gamer (F (2, 2251) = 14.07, 

p < 0.001) and Speed x Strategy x Gamer (F (4, 2222) = 4.23, p < 0.01), interactions were 

statistically significant and post hoc comparisons showed that NVGPs had longer QE with 

Strategy Middle in Slow speed (1043 ms vs. 1488 ms, p < 0.01). For Deceleration 

condition, both Strategy x Gamer (F (2, 2253) = 43.56, p < 0.001) and Speed x Strategy x 

Gamer (F (4, 2216) = 4.24 p < 0.01) interactions were statistically significant. Post hoc 

comparisons showed that NVGPs had longer QEs with Strategy Middle in Slow speed 

(788 ms vs. 1751 ms, p < 0.001). 

 

Horizontal Vertical

VGP NVGP VGP NVGP

Constant Slow 75.80 84.70 Slow 80.20 93.10 p < 0.01

speed Medium 66.30 60.30 Medium 77.90 90.40 p < 0.01

Fast 8.20 6.20 Fast 14.00 15.00

Deceleration Slow 78.20 95.00 p < 0.001 Slow 77.40 92.20

condition Medium 56.20 65.20 Medium 79.50 86.20

Fast 50.90 36.90 p < 0.01 Fast 75.40 63.60 p < 0.01
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First fixation latency 

Analyses for the latency of the first fixation to either the target or the ending line after they 

appeared were done with one-way ANOVA, with Gamer status as an independent variable. 

The assumption of homogeneity was not met for either fixation latencies (fixation to target: 

F (1, 1006) = 5.46, p = 0.02; fixation to ending line: F (1, 2615) = 19.00, p < 0.001), so 

Welch’s adjusted F ratios were used. VGPs were slower to fixate to the target than NVGPs 

(292 ms vs. 264 ms, Welch’s F (1, 425) = 28.65, p < 0.001) whereas VGPs were faster to 

fixate to the ending line (311 ms vs. 330 ms, Welch’s F (1, 2333) = 35.61, p < 0.001) (See 

Figure 5).  

 

Figure 5. Latency of the first fixation (and standard deviations) to either target or ending line in trials where 

the subjects fixated to either of these before the target started to move. VGPs were statistically significantly 

slower to fixate to the target, and faster to fixate to the ending line. 
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D. Discussion 

In the current study, action video game players and nonaction-video game players were 

compared on an anticipation of coincidence task. Elite athletes from several ball sports 

perform better on the task compared to non-elites (Nakamoto & Mori, 2012; Ripoll & 

Latiri, 1997) and the aim of this study was to see whether VGPs perform better on the task 

compared to NVGPs, which would indicate that action video games might be useful for 

ball sports. Both the behavioral measures of accuracy in the task and the eye movement 

data were collected. Eye movements were analyzed into different strategies and first 

fixation latency and the occasions and durations of quiet eye were compared between 

VGPs and NVGPs, which have been found to have an effect on accuracy on similar tasks 

and in ball sports in general (J. N. Vickers, 2009). 

 

D.1 Behavioral data 

Generally VGPs were more accurate at constant speeds and at decelerating slow speeds. 

Moreover, VGPs tended to have less variability in their responses at the slowest speed. 

Although the results of the high speed trials might by themselves be explained with just the 

well-established fact that VGPs have faster reaction times (Dye et al., 2009), when taking 

the slow speed trials into account, this explanation doesn’t hold. Since VGPs were 

significantly more accurate in the slowest constant speed on the vertical trials as well, a 

more likely explanation based on information processing is that the initial speed of the 

target and the corresponding motor preparation is more accurately processed by VGPs 

(Radlo, Janelle, Barba, & Frehlich, 2001), even in slow speeds. With the faster speeds this 

requires quick information processing as well as efficient visuomotor coupling. 

Both groups were somewhat more accurate in the deceleration condition of the slowest 

speed compared to the constant speed. VGPs were more accurate than NVGPs, but also 

relatively more accurate in the deceleration condition than in the constant speed condition. 

The literature on this effect suggests (Le Runigo et al., 2010; Nakamoto & Mori, 2012) that 

action video gamers were quicker to detect the speed change of the target and thus inhibit 

the previous motor program and reprogram their actions better to the decelerated speed in 

these trials. The delay between the speed change and the time when the target hit the 

ending line was 780 ms, which is relatively long. It has been found that somewhat accurate 
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movement reprogramming can happen at delays of 300 ms (Nakamoto & Mori, 2012). In 

the current study, a delay of 357 ms was present in the medium speed, but accurate 

reprogramming was not achieved by either group. Here though, the total time the target 

was visible was relatively short (361 ms vs. 667 ms in Nakamoto & Mori, 2012) in the 

constant speed version, which might have led to a situation, where there was generally no 

time to wait and see whether the speed would change or not. By the time it would change 

the motoric action to press the button would have already begun. 

This is indicated by the fact, that both VGPs and NVGPs performed worse on the 

deceleration condition with the medium speed than with the fast speed. If there was not 

enough time in these trials to inhibit the previous motor actions and reprogram new ones to 

the speed change, as appears to be the case, then because the induced error when 

decelerating on medium speed is larger (the target moves much shorter distance in the 

decreased speed compared to the situation with the fastest speed), the results for middle 

speed are further away from the ending line. 

What is striking compared to studies made with athletes, is that VGPs were more accurate 

in many of the constant speed variations, even at low speeds. As has been reported often 

(Benguigui & Ripoll, 1998; Nakamoto & Mori, 2012; Ripoll & Latiri, 1997), elite athletes 

don’t usually differ from non-elites in constant speed variations of the task, except with 

very high speeds resembling real world situations (Bowers & Stratton, 1993; Brady, 1996 

as cited in Benguigui & Ripoll, 1998). As has been hypothesized elsewhere (A. M. 

Williams, Ford, Eccles, & Ward, 2011), the cognitive skills enhanced by sports are 

relatively task-specific, whereas the results of the current study add to the mounting 

evidence that the enhancements from action video games have a much wider transfer to 

different situations, as it has been found that information processing speed has an effect on 

coincidence anticipation even on slow speeds (Shea, Krampitz, Northam & Ashby, 1982 as 

cited by Goodgold-Edwards, 1991). 

VGPs and NVGPs had similar bias in their responses. The pattern of constant error in 

constant speed trials is similar to those found in previous studies: with slow speeds, people 

tend to underestimate the coincidence while with faster speeds they overestimate (K. 

Williams, 1985). 

Why the bigger differences on vertical trials? As VGPs performed more accurately in the 

highest speed in the vertical trial, whereas a difference in horizontal trials was found only 
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in the medium speed, it might be that because the speed was slower in the vertical version 

its coincidence with the ending line was easier to process for VGPs, even though the time 

limit was the same. But since a difference appeared between the VGPs and NVGPs at the 

slowest constant speed as well, it might be that the vertical version of the task was more 

challenging and the faster information processing of VGPs would give them an edge. Eye 

movement studies give support for this interpretation, where it has been found out that 

horizontal tracking of a target is somewhat smoother and more accurate than vertical 

tracking (Collewijn & Tamminga, 1984; Grönqvist, Gredebäck, & von Hofsten, 2006; 

Rottach et al., 1996). Nonetheless, it was an unexpected result, and no studies comparing 

vertical and horizontal coincidence anticipation have been made to the best of the authors’ 

knowledge.  

For children, video games have previously been shown to improve coincidence timing 

accuracy (Kuhlman & Beitel, 1991), just as tennis practice (Benguigui & Ripoll, 1998). 

Since action video games appear to improve this ability on adult population as well, 

similarly to sports (Ripoll & Latiri, 1997), it gives support to the claim that action video 

games might improve ball sports performance. 

This study provides no causal evidence for the effects of action video games on 

coincidence anticipation, as it could be that those who enjoy playing action video games 

are naturally better at this sort of task. In the same way, it could be that the recruitment 

methods could have affected the VGPs performance, as the majority of them were overtly 

recruited (Boot et al., 2011), possibly priming them to perform better on the task. 

Nonetheless, since many of the cognitive skills found to be better on VGPs have also been 

found to improve when non-gamers have been put to play action video games (Bavelier et 

al., 2012), the current results add confidence to the benefits gained from them. 

 

D.2 Eye movements 

The optimal strategy for the task depended on the speed of the target. On the slower 

speeds, both tracking the target and fixating at the ending line were equally good strategies, 

but on the fastest speed tracking the target seemed to give the best results. In comparison, 

(Bennett et al., 2010) found that tracking is beneficial in much slower speeds (< 10 

deg/sec). Their experiment differed from the current one in that the target was occluded 
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after varying periods, so that the ending trajectory of the target couldn’t be seen, which 

might explain the difference. 

VGPs fared somewhat better in the task using all three strategies, although statistically 

significant differences were found just in certain combinations. The best strategy in the 

fastest constant speeds was to track the target, and even though NVGPs used this strategy 

more often, VGPs were more accurate in this variation of the task. Thus it seems, that the 

advantage of VGPs cannot be explained by different usage of strategies alone. 

The role of the quiet eye in the current task can be questioned. The results show that 

sometimes having the quiet eye is a benefit, but on some of the fastest speeds the accuracy 

in the task was significantly worse when quiet eye was achieved. It should be kept in mind 

though, that on these speeds there were relatively few quiet eyes achieved in the first place, 

so one should be cautious about over interpreting the result. 

The length of the quiet eye was not significantly different between VGPs and NVGPs on 

most trial combinations. Only in the slowest speed with the strategy on fixating on the 

middle NVGPs had longer quiet eye duration than VGPs. This was the worst strategy in 

these speeds, so VGPs can’t be assumed to have performed worse in this respect. Since the 

quiet eye didn’t seem to give consistent benefits in the current task, it might be that its 

duration is somewhat irrelevant as well.  

As the quiet eye has previously been studied mostly in the context of professional specific 

tasks requiring complex motor actions, for example in sports like volleyball (J. N. Vickers 

& Adolphe, 1997), shooting (Causer et al., 2010), and also in fields like surgery (Harvey, 

Vickers, Snelgrove, Scott, & Morrison, 2014), it might not have much relevancy in a 

completely novel tasks. Also the motoric action required in the current study was very 

simple, so the theorized enhanced motoric programming achieved during the quiet eye 

(Moore, Vine, Cooke, Ring, & Wilson, 2012; J. Vickers, 1996) might not have been as 

relevant. 

Although the benefits of the quiet eye in the current task are not clear, it can tell something 

about the rate of how often the subjects were able to track or fixate in the specific objects 

in the limited time frame. Looking at the results in this light, VGPs tended to achieve quiet 

eye in the fastest speeds significantly more often than NVGPs, especially when tracking 

the target. This suggest that VGPs are better at tracking objects moving at high speeds, a 

skill thought to be relevant in ball sports (Uchida et al., 2012). 
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The first fixation latencies to either the stationary target or the ending line showed that 

VGPs were faster to fixate to the ending line, whereas NVGPs were faster to fixate to the 

target. It might be that since VGPs preferred the strategy of fixating to the ending line, and 

NVGPs used more the strategy of tracking the target, both were primed to look for their 

preferred target faster. The results are somewhat in accordance with Chisholm and 

Kingstone (2012), who didn’t find a statistically significant difference in saccade latencies 

toward targets. 

 

D.3 Conclusion and implications for future research 

The current study gives support to the previous studies indicating that action video games 

improve information processing speed, attentional capabilities and visuomotor processes. 

As hypothesized by (Dye et al., 2009) the gains attained from action video games seem to 

transfer to various other tasks that have information processing speed as a component, 

including the anticipation of coincidence task used in this study. 

It ought to be remembered, that the current experiment was a preliminary study with a low 

amount of subjects and quite many different variables. The results should thus be taken 

with caution until replicated with a larger sample size and possibly fewer variables in play. 

Nonetheless, the results are promising and warrant further exploration. 

One line of study that could be pursued by similar tasks used in this study, would be to 

give feedback on the performance. Now learning was intentionally minimized, but if, as 

(Bavelier et al., 2012) suggest, VGPs are better at learning to learn, then when given 

feedback their performance should improve faster compared to NVGPs, as training in the 

task has been shown to improve performance (Haywood, 1983; Koshizawa, Mori, Oki, 

Takayose, & Minakawa, 2014). 

Action video games have been found to improve ability in surgical simulators (Lynch, 

Aughwane, & Hammond, 2010; Ou, McGlone, Camm, & Khan, 2013), which have been 

shown to improve performance when doing real surgery (Gurusamy, Aggarwal, 

Palanivelu, & Davidson, 2009). The results of the current study suggest, that action video 

gamers might perform better on fast paced ball sports. Since the cognitive and visuomotor 

processes enhanced by action video games might show benefits outside of laboratory in 

real world tasks, this line of study should be pursued further. 
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In the end, to find out whether action video games improve sports performance, one should 

naturally study athletes. One way would be to compare athletes who play a lot of action 

video games to those who do not on their performance in similar laboratory tests as the 

current experiment as well as in the field. A training study, where one group of athletes 

would be put to play action video games and the other to play some other kind of video 

game would reveal whether any sports related improvements in the action video game 

group would emerge. 

In conclusion, action video games have been found to improve the same cognitive 

capacities relevant in various interceptive sports and the current study suggests that those 

improvements apply to similar tasks used to differentiate elite athletes from non-elites. The 

results of the current study suggest that action video gamers program more accurate motor 

responses based on the speed of a target and can reprogram wrong motor actions better 

than non-gamers. Action video gamers also seem to be better able to track fast moving 

targets. This visuomotor superiority suggests that playing action video games might be 

useful for fast ball sports, and certainly justifies more research in more naturalistic settings.  
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