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Introduction 
Skilled athletes have consistently been found to outper-

form less skilled athletes in perceptual-cognitive tests such 
as pattern recall, anticipation, and decision making (Aber-
nethy, 1991; Williams et al., 2011). Eye tracking experi-
ments have shown that these superior perceptual-cognitive 
skills of skilled athletes are often supported by different 
gaze strategies (Mann et al., 2007). However, how exactly 
experts’ gaze strategies differ from those of novices seems 
to vary strongly between experiments. For example, expert 
performance in sports has been linked to both longer and 

shorter fixations (Klostermann & Moeinirad, 2020). A 
longer fixation duration of expert athletes has typically 
been interpreted as experts extracting more information 
from each fixation. Shorter fixation durations on the other 
hand, have been linked to more efficient processing of vis-
ual information (as predicted by the theory of long-term 
working memory; Gegenfurtner et al., 2011). Although 
these findings seem contradictory, they can be explained 
by the fact that gaze behavior is highly dependent on envi-
ronmental and task constraints. Overall, it can be con-
cluded that expert performers adopt a more effective and 
task-specific gaze strategy. How exactly this gaze strategy 
is different from that of novices depends on the sport-spe-
cific task requirements, but also on the research paradigm, 
and on the stimulus presentation (Mcguckian & Cole, 
2017).  

Visual information does not only serve for anticipation 
and decision making, but is also essential to plan and/or 
guide motor actions. When steering through curves, the 
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‘tangent point’ has been found to be an important point of 
fixation to guide steering (Land & Lee, 1994; Vansteen-
kiste, et al., 2014).  In ball sports such as tennis and cricket, 
the eyes have been found to make anticipatory saccades 
towards the point where the ball will bounce and/or where 
the ball will be hit (Land & Mcleod, 2000). And finally, 
when aiming in basketball or golf, the final fixation to-
wards a specific location just prior to movement initiation 
(known as the Quiet Eye), has repeatedly been shown to 
be longer in expert athletes and in successful trials (Vick-
ers, 2007; Vickers & Kopp, 2016). These task-specific 
gaze strategies have been identified to be more robust in 
expert performers and have been subject to training studies 
for novices.  

Although there are ample studies describing expert-
novice differences in gaze behavior, and literature about 
how to train perceptual-cognitive skills in sport is growing, 
little is known on how visual strategies come about during 
the early stages of skill acquisition. Visual behavior is 
seemingly expected to develop naturally alongside motor 
skills (Dessing et al., 2012). Whereas motor development 
and motor learning has been extensively studied, little is 
known about how visual behavior changes alongside mo-
tor skills. Experiments in juggling have shown that as mo-
tor expertise increases, participants develop different gaze 
strategies characterized by a shift of relying on foveal vi-
sion to track the balls, to relying on peripheral vision 
(Huys & Beek, 2002). This shift of visual strategy emerges 
without explicit instruction, and it is even highly question-
able if instructing a novice juggler to adopt an expert’s 
strategy would be beneficial. Currently, little is known 
about the interaction between perceptual and motor skills 
during skill acquisition.  

As is the case for other sports, visual and perceptual 
studies in soccer have primarily focused on anticipation 
and decision making. Successful decision-makers in foot-
ball have been found to spend more time fixating the 
player in possession of the ball (Vaeyens et al., 2007; 
Savelsbergh et al. 2010), and to make more exploratory 
head movements to acquire information on the position of 
opponents and teammates (often referred to as scanning; 
Helen and Pauwels 1993; see Mcguckian & Cole, 2017 for 
a review on scanning in soccer). However, visual behavior 
during ball handling has been less thoroughly studied.  

Recently, Natsuhara et al (2020) studied soccer play-
ers’ visual search strategies when making a passing deci-
sion. Although also a decision making task, in this 

experiment the decision had to be made while receiving 
and passing a ball. Both high and low level players pre-
dominantly gazed at the ball when it was approaching, but 
high level players focused more on the free teammates and 
opponents prior to receiving the ball.  

To our knowledge, no research has been carried out 
which investigated how visual strategies develop during 
soccer specific skill acquisition. The aim of the current 
study was therefore to investigate to what extent ball han-
dling skills of young soccer players who are still learning 
basic ball handling skills can be linked to their gaze behav-
ior. 

Methods 
Participants 
Nineteen participants were recruited from a local foot-

ball academy. All participants were between 8 and 10 
years old and had about 2 years of experience in the acad-
emy. Written informed consent was obtained from all par-
ticipants’ parents. After an initial qualitative analysis, the 
eye tracking data of 8 participants was excluded from fur-
ther analysis due to low calibration quality, or poor eye 
movement registration (see data analysis). 

Materials 
Participants carried out a Loughborough Soccer Pass-

ing Test (LSPT; Le moal et al., 2014) in the entrance hall 
of a gymnasium. However, as this hall was smaller than 
the dimensions of the original LSPT, the layout of the test 
was adapted to fit the available space (see fig. 1). In the 
LSPT, participants are required to pass to one of the four 
goals (10cm wide), located on colored targets (60cm wide) 
from a marked passing area (see fig. 1 & fig. 2). The color 
of the next target was called out by the experimenter im-
mediately succeeding each pass. Time to complete the test 
was measured from the moment the ball entered the pass-
ing zone the first time, to the moment the final (16th) target 
was hit. Further details on the LSPT can be found in Le 
moal et al. (2014). 

The Eye Tracking Glasses 2 wireless (ETG2w, SMI, 
Teltow, DE) were used to record eye movements during 
the test. The system recorded eye movements at 60hz, 
while a frontal camera recorded the scenery in front of the 
participant at 24Hz. The glasses were connected to a 
smartphone (Samsung Galaxy Note 4) which was carried 
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in a pouch. The system was calibrated using a 3-point cal-
ibration, and the tracking accuracy of the system was be-
low 0,5°. 

 

 
Figure 1. Overview of the set-up. Distance between the center 
square and the benches were adapted to fit the available space. 
Dimensions which differ from the original LSPT are in Green. 
‘R’, ‘G’, ‘B’ and ‘W’ mark the red, green, blue and white targets, 
respectively. ‘A’ indicates a support column  (adapted from Ali 
et al., 2008). 

 

 
Figure 2: Participant with eye tracker ready to start the LSPT. 
The white and the green target can be seen on the two benches, 
the grey strip in the middle of the colored target is the goal. Pass-
ing area is between the blue and white lines on the floor. A gaze-
overlay video of one of the participants can be watched via 
https://youtu.be/IL9z9fYCcho. 

 

Procedure 
At arrival the participants were asked to put on the eye 

tracking glasses and performed the calibration procedure. 
They were then explained how to carry out the LSPT and 
were informed to carry out the test as quickly as possible 
while making as few mistakes as possible. One experi-
menter called out the colors where the participant had to 
pass the ball, while another experimenter kept time and 
recorded the penalties. A third experimenter kept other 
participants and visitors (participants’ parents) away from 
the test area while a test was in session. Each participant 
completed one trial of the LSPT. This experiment was ap-
proved by the ethical committee of Ghent University (EC 
UZG 2017/1548). 

Data analysis 
The score on the LSPT is calculated by adding penalty 

points to the trial duration (in seconds). Penalties: +5s for 
missing the bench/passing to the wrong target, +3s for 
missing the target area, + 3s for handling the ball, +2s for 
passing from outside of the passing area, +2s for touching 
any cone, -1s for hitting the goal. Based on the LSPT score, 
the participants were categorized into a ‘high performance 
group’ (score < 80, N = 5), and a ‘low performance group’ 
(score > 80, N = 6). 

Using BeGaze 3.7, the eye movements were superim-
posed on the 24Hz frontal scene video images and ex-
ported as a video file. These video files were then in-
spected for data quality. A participant was excluded when 
a) the calibration was too poor to reliably estimate the gaze 
location, b) gaze was located outside of the video frame 
too often, and/or c) too much noise was present in the gaze 
location due to an artifact being erroneously tracked as the 
pupil. For the remaining 11 participants, a frame-by-frame 
gaze location analysis (Vansteenkiste, et al., 2015) was 
performed in Kinovea (at 24Hz). For each frame, gaze was 
categorized to one of the following Areas Of Interest 
(AOI): 1) Target bench 2) Non-target bench, 3) Cones and 
lines, 4) Ball while handling, 5) Ball while not in posses-
sion, 6) Floor, 7) Other (e.g., experimenter or wall), 8) Un-
known/out of screen (Gaze location could not be deter-
mined). Based on this analysis, dwell time percentages to 
each of the AOIs was calculated. Dwell time percentages 
were then compared between the high-performance group 
and the low performance group using Mann-Whitney U 
tests. 
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Results 
The high-performance group had a significantly lower 

score for the LSPT than the low performance group (76.00 
± 4.30 and 96.83 ± 12.50, respectively; MWU = 0.000; Z 
= -2.739; p = 0.006; Cohen’s d = -1.53), completing the 
test both in a shorter time (59.60 ± 5.03s vs. 72.33 ± 
11.78s, respectively), and with fewer penalties (16.40 ± 
3.51 vs.  24,50 ± 3.78, respectively). The high-

performance group tended to look less at the ball while 
they were in possession than the low performance group 
(Z = -1.826; p = 0.068), and spent less time looking at 
‘other’ regions such as the experimenters (Z = -2.008; p = 
0.045). All other differences were non-significant (p > 0.1; 
see table 1 for details). 

 

 

Table 1: Dwell time percentages to each AOIs 

 High performance 
(LSPT < 80) 

Low performance 
(LSPT > 80) Mann-Witney U Z p Cohen's d 

Target bench 9.54 ± 6.31 13.54 ± 5.89 8 1.278 0.201 -0.66 
Non-target bench 0.96 ± 0.85 0.68 ± 1.08 12 0.831 0.406 0.28 
Cone/line 11.05 ± 8.11 11.02 ± 4.56 11.5 0.548 0.584 0.00 
Ball while handling 2.97 ± 2.37 11.15 ± 7.12 4 1.826 0.068 - 1.48 
Ball while not in possession 20.37 ± 3.04 17.88 ± 7.33 10.5 0.730 0.465 0.43 
Floor 42.43 ± 7.72 34.82 ± 7.55 7.5 1.278 0.201 1.00 
Other 0.74 ± 0.7 2.80 ± 2.21 4.5 2.008 0.045 -1.20 
Unknown 11.95 ± 11.54 8.10 ± 4.78 14.5 0.000 1.000 0.45 

Discussion 
Participants who possessed better ball handling and 

passing skills adopted a different visual strategy than their 
less skilled peers, characterized by looking less at the ball 
while handling it, and paying less attention to task irrele-
vant areas (‘other’). This suggests that also in soccer, gaze 
strategies develop alongside technical skills. These find-
ings are in line with earlier findings that attention demands 
decrease with improving skills (Castaneda & Gray, 2007), 
and have some practical implications for youth soccer 
trainers. 

As learning soccer players become more proficient in 
a certain task, they move from the cognitive stage into the 
associative stage of motor learning (Fitts & Posner, 1967). 
This comes with a reduced cognitive effort to carry out the 
same task. Consequently, visual attention can gradually 
shift away from the ball when handling it, potentially rely-
ing more on peripheral vision to track the ball. This allows 
more experienced soccer players to pay more attention to 

their surroundings without this affecting their ball han-
dling task (Smith & Chamberlin, 1992).  

It is not clear however if this shift of visual attention 
always emerges on the same moment during the skill ac-
quisition. Possibly, an inappropriate distribution of visual 
attention could cause delays in motor learning. A player 
with inadequate ball handling skills could be paying too 
much attention to his/her surroundings, jeopardizing the 
motor learning process. Vice versa, a skilled player could 
still be paying too much attention to the ball, jeopardizing 
the progress in tactical decision making. A trainer should 
therefore always take into account the technical skills of a 
player when suggesting where to look at (e.g., ‘keep your 
eyes on the ball’). 

It is also interesting to note that no differences in dwell 
time percentage were found for looking at the ball while 
not being in possession. This could indicate that receiving 
a ball was too demanding for both groups to direct visual 
attention elsewhere. Possibly, receiving a ball using pe-
ripheral instead of foveal vision is only possible for older 
and/or more skilled players (Huys & Beek, 2002). This 
also underlines that different tasks have different cognitive 
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demands, and therefore require different visual strategies. 
Feedback on where to look should therefore be tailored to 
both the individual’s stage of motor learning and the cog-
nitive demands of the task.  

The question remains if teaching an ‘expert gaze pat-
tern’ to a young soccer player will benefit his/her motor 
skills. Gaze training has shown to improve performance in 
perceptual and basic motor coordination tasks (Jarodzka 
2013; Vine et al 2013), and even in more complex motor 
tasks such as gymnastics and golf swinging (Heinen, 
Vinken and Fink; 2011; d’innocenzo et al 2016). Never-
theless, as mentioned earlier, some gaze patterns might 
only be feasible with a higher level of motor skill (e.g. re-
ceiving a ball using only peripheral vision). It is therefore 
possible that teaching young soccer players where to look 
might affect their gaze behavior, but will not improve their 
motor performance (Bishop et al. 2014; Nivala et al. 2018). 
Furthermore, it also needs to be taken into account that the 
same action could be successfully executed using more 
than one gaze strategy (Vansteenkiste et al 2013; Timmis 
et al., 2014). For example, Futsal players have been found 
to acquire visual information just prior to ball control, 
while in contrast, soccer players executing the same task 
scan the environment when not in possession of the ball 
(Oppici et al., 2017). The ‘ideal’ gaze strategy for any mo-
tor task might therefore also be different depending of in-
dividual and/or environmental constraints. 

Unfortunately, the current sample only included 11 
participants and was performed using a cross-sectional 
analysis. Following the perceptual-motor development of 
young soccer players as they develop soccer skills would 
provide more insights into the interplay between percep-
tual-cognitive development and motor development. This 
in turn could lead to more tailored feedback based on the 
stage of motor learning. The current study purposely tested 
young soccer players as they are still developing their 
basic ball handling skills. However, this comes with the 
disadvantage that the results might not only reflect differ-
ences in soccer skills, but also in general cognitive and/or 
motor development. The development of perceptual motor 
skills as an adult might be different than as a child.  

Testing child participants in a highly dynamic situation 
is a very challenging environment to collect eye movement 
data. Not only are the eye tracking glasses designed for 
adults, the LSPT also required frequent and fast head 
movements. Despite having fastened the eye tracking 
glasses with a head strap, in some participants, the glasses 

still moved too much during the experiment to result in re-
liable data. Future studies might therefore consider using 
adapted eye tracking glasses when testing children in a dy-
namic environment.  

Next to the hardware-related challenges, the current 
study also had to deal with some challenges concerning 
data analysis. Although in some cases it can be appropriate 
to use fixation detection algorithms to analyze gaze behav-
ior acquired with a head mounted eye tracker (Vansteen-
kiste et al., 2015), in general, this method is considered un-
reliable. In a dynamic situation (such as in the current 
study), eye movements are affected by optokinetic and 
vestibulo-ocular reflexes, and regularly involve smooth 
pursuit movements. As fixation detection algorithms deal 
poorly with these kinds of eye movements, both the dura-
tion and location of fixations that are detected using these 
algorithms are often not reliable. As a result, data of the 
current study was analyzed using the tedious frame-by-
frame method. Future studies should focus on gaze behav-
ior during the execution of one specific task (such gaze just 
prior to the reception of a pass), rather than analyzing the 
average gaze behavior over multiple actions. This will 
keep time-consuming analyses feasible, and will help 
avoiding to ‘average out’ the results of two (or more) dif-
ferent tasks. 

In summary, the current study showed that young soc-
cer players who already possessed better ball handling 
skills tend to look less at the ball while handling it, and pay 
less attention to task irrelevant areas. This implies that 
gaze strategies develop alongside technical skills. During 
the technical skill acquisition stage, feedback on where to 
look should be tailored to both the individual’s stage of 
motor learning and the cognitive demands of the task. 
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