
Neuromotor training and decision making in professional football players

Does neuromotor training accelerate
football-specific decision making outcomes in
professional football players over two seasons?
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Headline

In professional football, each position has a predefined strate-
gic role where aptitude is measured by game-related statis-

tics of productivity (1). The ability of a specific player to
meet the demands of their role is considered to be a func-
tion of several physiological, visual-motor reaction speed, and
perceptual- cognitive capability measures (2). To date, how-
ever, only one study has related player-specific characteristics
to game-related performance measures in professional foot-
ball players. McGill et al. reported that stability, agility,
and flexibility were associated with minutes played, assists,
rebounds, blocked shots, and steals per basketball game (3).
However, the specific roles of visual-motor reaction speed and
perceptual-cognitive capability to game-related measures of
performance in professional football players are unknown.

Aim of the study
The purpose of this study was to determine the relationship
between visual tracking speeds (VTS) on football- specific de-
cision making measures of performance.

Subjects
De-identified data from a convenience sample of offence (n =
5; 26.8 ± 2.9 years) and defense (n = 6; 23.2 ± 2.6 years;
range: 19.4–30.7 years) players under contract to play for 2
major Super League football clubs completed testing at the
beginning of the season. Players gave their informed con-
sent as part of their sport requirements. We used Wyscout
(hudl inc us) analytics platform to collect data about the play-
ers. Wyscout provide video analysis tool and digital databases
regarding performances and matches for coaches, teams and
players dealing with football business. The purpose is to al-
low them have a detailed sight of a large number of athletes
about individual performances, patterns of play and tactical
strategy.

Methodology
Eleven professional football players were tested and has been
confirmed their baseline before the 2017-18 season for the
Greek Super League. Visual tracking speed was obtained

from 1 core session (20 trials) of the multiple objects tracking
multiple object tracking (MOT) test. Performance in VTS
was compared with football-specific measures of performance.
In detail, the parameters collected were total actions when
team is winning-successful (AST), total actions when team is
losing-successful (ALS), total actions when playing with a yel-
low card (AYC), total actions when not playing with a yellow
card (ANC), dribbles total (DT), through passes (TO), for-
ward passes (FP) and assists (ASS). During the regular foot-
ball season. All performance measures were reported per 90
minutes played. Ethics approval has been obtained according
the declaration of Helsinki.

All participants gave their written consent according to the
protocols of the University of Athens Department of Physical
education and sports science.

Visual tracking speed was assessed by the completion of
1 core session on the Neurotracker (NT; CogniSens Athletic,
Inc., Montreal, Quebec, Canada) 3D MOT software by each
player. As previously recommended, a core session consisted
of 20 individual trials used to quantify spatial awareness by
determining the player’s threshold speed for effective percep-
tion and processing of visual information sources (4). For each
trial, players were instructed to sit upright on a stool placed 7
feet in front of a projection screen with the size of the 3D vol-
ume space being 468 of visual angle at the level of the screen.
All players wore specialized glasses to make the objects ap-
pear 3D in the simulator. Before each trial, a 3D transparent
cube containing 8 identical yellow balls, measuring 5.5 inches
in diameter, was presented on the screen. Four of these balls
were randomly illuminated for 2 seconds before returning to
the baseline yellow color. The player was instructed to track
these 4 balls for the duration of the individual trial. During
the trial, all 8 yellow balls moved simultaneously and indi-
vidually throughout all regions of the cube for 8 seconds (5).
The random, continuous movement patterns of each ball were
only affected by collisions (impact and bounce) with the wall
of the cube and the other balls. At the conclusion of 8 sec-
onds, the balls were frozen in place and were each assigned
a display number, 1 through 8, by the computer. The player
was instructed to identify, by number, the 4 balls that were
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originally illuminated at the start of the trial. The speed at
which the balls moved on the next trial was dependent on the
correct identification of the illuminated balls and was adjusted
between trials in a staircase (1 up 1 down) fashion, which has
been previously demonstrated to be an efficient and reliable
psychometric estimator (greater than maximum likelihood) in
small experiments (less than 30 trials) (6). If the player cor-
rectly selected all 4 balls, the speed of the balls was increased.
Otherwise, the speed of the balls was reduced for the next
trial. At the end of the 20 trials, VTS was determined to be
the fastest speed (in centimeter per second) at which the player
could correctly identify, with 100% accuracy, all 4 illuminated
balls. To avoid training effect confound (7), all players began
their core session completely unfamiliar to the NT device.

Statistical Analysis
Data analysis was performed with the statistical package SPSS
26.0. Indicators of descriptive statistics, such as Mean, SD
frequencies, were used for the analysis of variables, while the
normal distribution was checked with the Shapiro-Wilk test,
where it confirmed that the data followed the normal distri-
bution (p < 0.05). For the comparison of the independent
variables (period 1 vs period 2) the single-factor analysis of
variance (ANOVA) with Bonferroni and Effect Size correction
(n2) was used. The levels of influence according to Cohen
(1988) are: 0.01 = small, 0.06 = medium, 0.13 = large. The
significance level was set at p <0.05 (7).

Fig. 1. Multiple object tracking exercise.

Fig. 2. Total action when team is winning.
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Table 1. Performance variables description between season 1 and season 2.

Variables Season 1 (n=11) Season 2 (n=11) pMean SD Mean SD
1 Total actions when team is
winning-successful 46.38 13.78 56.79 13.20 < 0.01

2 Total actions when team is
losing-successful 47.71 11.55 54.00 9.82 < 0.001

3 Total actions when playing with
a yellow card 68.63 15.50 64.50 12.63 > 0.05

4 Total actions when not playing
with a yellow card 68.79 12.81 77.04 10.51 < 0.05

5 Dribbles Total 7.08 2.22 7.54 2.28 > 0.05
6 Through Passes 5.54 2.32 7.17 1.55 < 0.05
7 Forward passes 10.29 2.37 13.96 3.00 < 0.001
8 Assists 1.54 1.22 2.58 1.28 < 0.01

Fig. 3. Total actions when the team is losing.

Fig. 4. Actions with yellow card.
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