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Visual search strategies of young soccer
players according to positional role
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We aimed to compare the visual search strategies of young soccer players with different positional roles. Data was collected with

the Mobile Eye Tracking — XG to verify gaze behaviour through visual focus. At the laboratory, an 11-a-side match play video-

based soccer simulation from a third-person perspective was presented to the participants. Players were grouped according to

ABSTRACT

their positional roles: defenders (n= 6), midfielders (n= 6) and forwards (n=5). Visual search strategies were classified according
to five fixation locations: “player in possession”, “ball”, “teammates”, “opponents” and “space”. The number of fixations and the
fixation duration in each location was assessed. One-way ANOVA was performed to compare mean values. Midfielders and forwards
showed significant differences in the number of fixations (15.50+ 5.85 vs. 27.80+ 7.36; p= 0.023) and fixation duration (8.00+ 3.11 secs
vs. 20.10% 8.47 secs; p= 0.016) for the category “ball”, as well as in the number of fixations (22.00£ 5.62 vs. 34.60+ 1.81; p= 0.044) for

“teammates”. No other differences were observed. We concluded that the positional role was not relevant to the visual search strategy

adopted by young soccer players. This finding is important for coaches and researchers to understand the cognitive and perceptual

skills of young soccer players. It can also help coaches design specific training with appropriate stimuli for the players’ development.
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INTRODUCTION
'The unpredictability of soccer demands that the players per-

ceive, interpret and select various stimuli and signals from the
game quickly and assertively (Assis, Costa, Casanova, Cardoso,
& Teoldo, 2021; Cardoso, Afonso, Roca, & Teoldo, 2021).
Greater skill in identifying postural cues, detecting relevant
information, recognizing patterns of play and assessing situ-
ational probabilities enables players to make better decisions
(Machado, Gonzilez-Villora, Sarmento, & Teoldo, 2020;
Gongalves, Noce, Barbosa, Figueiredo, & Teoldo, 2021).
In this context, vision plays an important role in providing
decision-making information (Klostermann, Vater, Kredel,
& Hossner, 2020). Following this, research has explored how
soccer players employ visual search strategies to extract infor-
mation from the game, e.g., movements of teammates and

opponents, ball and playing space (Roca, Ford, McRobert, &
Williams, 2011; Assis et al., 2021). It has been shown that
players with superior performance (Roca et al., 2011) and
tactical behaviour (Assis et al., 2021) obtain information
from the environment in less time and using fewer fixations.

In soccer, during a game, the functions of soccer play-
ers are determined by the positional roles (e.g., defender,
midfielder and forward) requiring specific characteristics
of players’(Machado, Padilha, Gonzalez-Villora, Clemente,
& Teoldo, 2019; Hands & Jonge, 2020). Thus, some stud-
ies have assessed the relationship between playing position/
positional role and visual search strategies (Williams, Janelle,
& Davids, 2004; Vaeyens, Lenoir, Williams, & Philippaerts,
2007a). These researches showed that forwards employed more
selective visual search strategies while defenders performed
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more exhaustive searches through the environment. In another
study, Williams, Ward, Ward, and Smeeton (2008) showed
that defenders displayed superior anticipation skills compared
to offensive players. However, the studies on these topics have
commonly used groups of experts (Williams et al., 2008) or
older age categories (Vaeyens, Lenoir, Williams, Mazyn, &
Philippaerts, 2007b).

It has also been demonstrated that the developmental
stage of a soccer player influences his perceptual and cogni-
tive skills. For example, U-13 players performed more fixa-
tions on the “space” than U-15 and U-17 players (Machado,
Cardoso, & Teoldo, 2017). In turn, the development stage and
soccer-specific knowledge influence visual search behaviours
(Roca, Williams, & Ford, 2012; Américo et al.,2017). At the
age of 13, the players are in the mature stage of attention
(Sternberg, 2010), producing abstract thoughts and testing
hypotheses to make decisions even in scenarios with var-
ious alternatives (Teoldo, Guilherme, & Garganta, 2017).
'This development requires an appropriate stimulus for the
age during the learning stage and to progress the player’s
specialization over time (Coté, Baker, & Abernethy, 2007;
Ford, Ward, Hodges, & Williams, 2009).

Schumacher, Schmidt, Wellmann, and Braumann (2018)
observed that perceptual-cognitive skills are dependent on
soccer player age category and positional role. However, the
authors did not consider the perceptual-cognitive skills
according to positional role separate by age category as cri-
teria for comparison. Therefore, considering that initial cat-
egory soccer players are separated by positional role, it might
be interesting to compare their perceptual-cognitive skills
according to the positional role. Following the evolution of
this research topic in soccer, Andrade, Machado, Gongalves
and Teoldo (2021) observed that U-13 soccer players’ mid-
fielders displayed a greater ability to read the game and make
quicker decisions than defenders and forwards. Thus, it
might be plausible to assume that underlying mechanisms
that support decision-making, such as visual search strate-
gies, could differ between young soccer players according to
their positional role.

Thus, the present study aims to compare the visual search
strategies of young soccer players based on positional roles.
'The assessment of players at young ages will provide a bet-
ter understanding of their developmental stage. Research on
this topic may also contribute to endorsing the visual search
strategies as important variables in the assessment process
in soccer, besides helping to qualify the soccer teaching pro-
cess. We hypothesized that visual search strategies of young
soccer players vary according to the positional role due to
earlier findings that indicate that expert soccer players from
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different positional roles differ in cognitive performance

(Slimani et al., 2016; Schumacher et al., 2018).

METHODS

Sample

The sample comprised seventeen U-13 (12.72+0.46 years)
soccer players from a club in the Serie A of the Brazilian
National Soccer League, grouped according to their posi-
tional roles: defenders (n= 6); midfielders (n= 6); and forwards
(n=5). The G*Power 3.1.9.4° software was used to estimate
the minimum sample size following the procedures described
by Faul, Erdfelder, Lang and Buchner (2007). A priori power
analysis deemed a sufficient sample size of 15 players in total,
based on= 95% power (1 - 3), an alpha () of 0.05, and large
effect size (ES) (f= 1.20) (Faul et al., 2007). As inclusion cri-
teria, players had to be engaged in at least three 90-minute
weekly training sessions and play in national or international
level competitions. The team was composed of 17 players, all
of which were recruited and completed this study.

Participants received a term of agreement containing infor-
mation on the study’s purpose and characteristics. Players’legal
guardians signed an informed consent, confirming they were
aware of the players’ participation in the study. All research
procedures were conducted according to the norms estab-
lished by the National Health Council (Resolution 466/2012)
and by the Declaration of Helsinki (1996) for research with
human beings. The project was approved by the Human
Research Ethics Committee (n° 412.816/2013).

Instrument

Data collection was performed using the Mobile Eye
Tracking-XG® (Applied Science Laboratories, Bedford, MA,
EUA). The device tracks the participants’ central vision
through a system of cameras mounted on a pair of glasses.
It detects the reflection of the pupil and the cornea, deter-
mined by the reflection of an infrared light source on the
surface of the cornea, displayed on a video image of the eye.
'The Mobile Eye Tracking® performs periodic measurements
(every 40 ms), providing the values of the location of the cen-
tral vision in each measurement. The device was used during
the application of the test proposed and validated by Mangas
(1999). This test consists of a sequence of 11 video scenes
of offensive soccer actions, recorded and watched through
a third-person perspective. The edited scenes were obtained
from professional matches of European national tourna-

ments and utilized in previous research with young soccer
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players (Machado et al., 2017; Cardoso, Gonzélez-Villora,
Guilherme, & Teoldo, 2019; Cardoso et al., 2021).

Data collection procedures

'The tests were conducted in a closed environment without
external interference and controlled luminosity (maximum
variation of 10 lux). The Mobile Eye Tracking — XG® was
adjusted and calibrated for each participant. Eye movements
were corrected by the ASL RESULTS® software (Applied
Science Laboratories, Bedford, MA, USA). The video scenes
of the test were presented via projection on a retractable pro-
jection screen (TES — TRM 150 V with “Matte White”
projection surface) with the dimensions of 3.04 x 2.28 m.
'The scenes were projected using an HD projector (Toshiba®
TDP-s20 DLP A, Texas), mounted onto the ceiling with
an XGA resolution of 2 x 2 m. Participants were standing
2.5 m from the screen. The 12-dot calibration method was
employed, superior to the 9-dot calibration recommended
by the manufacturer. Before the experimental task, test pro-
cedures were explained, and participants performed famil-
iarization trials, in which two test scenes were presented.

An 11-video sequence was presented to the players during
the experiment, with each video lasting between 7 and 9 sec-
onds. The videos were paused prior to the end of the action
(e.g., when a player in possession was about to perform a pass
to a teammate or a forward dribble), and the participants were
asked to respond as quickly as possible “what the player in pos-
session should do”. The calibration of the Mobile Eye Tracking
— XG® was periodically checked to ensure precision. The pro-
cedure lasted approximately 30 minutes per player (Figure 1).

Visual search strategies
The visual search rate analysis was performed according
to previous research procedures (Williams & Davids, 1998;
Roca et al., 2011; Assis et al., 2021). The following depen-
dent variables were assessed: Number and mean fixations per

Video scenes

——

Figure 1. Experimental design.

location. The preferred fixation location refers to the number
and duration of fixations employed by the individual in pre-
defined locations on the scenes. Fixation was defined as the
eye remaining stationary by approximately 1.5 degrees of vari-
ation tolerance for a period equal to or greater than 120 ms
(Williams & Davids, 1998). Five locations were defined for
analysis based on previous studies (Roca et al., 2011; Machado
et al., 2017): i) player in possession; ii) ball (ball flight); iii)
teammates (forwards); iv) opponents; and v) space (areas of
free space in the field, in which none of the players is located).

Statistical analysis

Data distribution was analyzed through the Shapiro-
WilKs test. One-way ANOVA was performed to compare the
means and standard deviation of the number and duration of
fixations between the three positional roles. Tukey’s post-hoc
was performed to verify significant differences between pairs
of positional roles. In addition, the reliability of the observa-
tion was calculated with the Cohen’s kappa test. Three trained
observers performed this procedure after a 21-day interval
to avoid task familiarity issues (Robinson & O’Donoghue,
2007). A total of 10% of the data from the first observation
was re-analyzed, as suggested by Tabachnick & Fidell, 2007).
The inter-observers’ reliability revealed an agreement coef-
ficient of 86%, and the agreement coeflicient for intra-ob-
servers was 92%. These values are classified by literature as
‘almost perfect’ (Landis & Koch, 1977).

Statistical procedures were performed using IBM SPSS
Statistics for Windows, version 24.0 for Windows® (Armonk,
NY: IBM Corp.), and for all analyses, the significance level
was set to p< 0.05.

RESULTS
Number of fixations per location: forwards (27.80% 7.36)
focused more frequently on the category “ball”when compared

Visual search strateqgies

Procedure duration - 30 minutes

.~ * Number of fixation
lﬁ\

* « Duration of fixations
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to midfielders (15.50% 5.85) (F(2)= 4.63; p=0.023;m?= 0.39),
and had a higher number of fixations on the category “team-
mates” (34.60% 1.81 versus 22.00t 5.62, respectively) (F(2)=
3.71; p= 0.044; 2= 0.35). No further differences were found
with respect to the fixations per location (Figure 2).

Fixation duration per location: In relation to the fixation
duration on the predefined locations, a difference (FQ): 5.69;
p=0.016; 2= 0.45) was observed between midfielders (8.00%
3.11 secs) and forwards (20.10+ 8.47 secs) regarding the cat-
egory “ball”, with forwards focusing for longer periods on
the ball. No further differences were found with respect to
the fixation locations (Figure 2).

DISCUSSION

Our purpose was to compare the visual search strate-
gies of young soccer players with different positional roles.
Significant differences were found in total fixations in two
locations: ball and teammates. Forwards focused more fre-
quently on the ball and teammates when compared to mid-
fielders. Forwards also fixated for longer periods on the ball
when compared to midfielders. No further differences were
observed. Therefore, the initial hypothesis that visual search
strategies of young soccer players vary according to the posi-
tional role was partial accepted.

Forwards have been reported to employ a more selective
visual search behaviour (Vaeyens et al., 2007a), but our results
failed to confirm this for young forward players. Perhaps our
sample had insufficient specialization in a single position.
Nevertheless, forwards attempted to extract information from
locations in which the action took place or where the ensuing
action was likely to occur (i.e., ball and teammate). The visual

>
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search strategies employed by the forwards at this age may be
related to their need to search for, and to generate, passing lines,
aiming to unbalance the opponents’ defensive organization
(Gonzalez-Villora, Garcia-Lopez, & Contreras-Jordan, 2015).
Midfielders are primarily positioned in the pre-defen-
sive and pre-offensive sectors, as well as in the central cor-
ridor (Taylor, Mellalieu, & James, 2005), areas that include
a greater number of players and provide reduced space and
time for playing actions (Vaz, Gama, Santos, Figueiredo,
& Dias, 2014). This requires well developed perceptual and
cognitive skills, facilitating anticipation and reducing the
response time (Andrade et al., 2021). These behaviours are
acquired during the development process through train-
ing and matches (Machado et al., 2020). Looking through
our results, they suggest that our sample had insufficiently
developed perceptual-cognitive skills to characterize a typ-
ical visual search pattern influenced by the positional role.
No difference was found between the fixation locations of
defenders and the other positional roles, perhaps because the
test consisted of offensive scenes (IMann, Farrow, Shuttleworth,
& Hopwood, 2009). The test did not display scenarios typi-
cally experienced by defenders during the matches, impairing
recall and recognition of patterns. Future interventions of the
protocol should consider greater representativeness between
experimental and game tasks, especially for defenders.
Overall, defenders, midfielders and forwards displayed
similar visual search behaviours, focusing more frequently and
for longer periods on the player in possession and in spaces.
Being at the end of their egocentric phase, players still focus
their attention on the locations where the main actions are
taking place, including the player in possession (Gonzélez-

Villora et al., 2015; Teoldo et al., 2017). The players will
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*Significant difference (p< 0.05) between midfielders and forwards; Pip: player in possession of the ball.

Figure 2. Visual search strategies of young soccer players according to positional role (A) number of fixations made by each
group in predefined locations in the video sequences, and (B) time of fixations made by each group in predefined locations

in the video sequences.
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probably have difficulties in extracting relevant information
from the environment, as they will not perceive other stim-
uli, potentially compromising their decision making (Vaeyens
et al., 2007a; Roca et al., 2011).

The findings presented here should be considered with
caution due to the study limitations. Analyses performed with
a higher number of players could have contributed to reduc-
ing the chances of the type II error occurring due to the low
sample size. In addition to that, the video-based scenarios only
assessed offensive actions. Video-based scenarios should also
incorporate defensive actions to avoid biasing the results in
favour of midfielders and forwards. Additionally, evaluating
defensive actions can lead to differences in the visual search
strategies, especially in young soccer players.

To the best of our knowledge, this was the first study that
assessed the visual search strategies of young soccer play-
ers according to the different positional roles. We recom-
mend expanding the analysis by including other age groups
for future studies. Also, it would be interesting to evaluate
the players’ experience in assessing visual search strategies
according to positional roles across different stages of sports
development. This suggestion relies on the fact that players’
practice time and knowledge are likely to influence their
perceptual and cognitive skills (Assis et al., 2021; Machado
et al., 2020). At last, future studies should also investigate
the tactical and physical performance of young soccer players
according to the positional role and their relationship with
perceptual-cognitive skills.

From a practical point of view, this study provides import-
ant information for coaches and teachers. We recommend that
coaches design activities that encourage players to focus more
frequently on teammates and free spaces. For example, adjust
the training by progressing the level of complexity according
to the abilities detected in the group of team players (Coté
et al., 2007). Deliberate practice, collective tactics in team
practice activities and design of training drills “high deci-
sion-making opportunities” in team practice activities may
be adopted (O’Connor, Larkin, & Williams, 2017; Machado
et al., 2020). These strategies facilitate young soccer players’
teaching and learning processes through the development of
cognitive and perceptual skills, gradually including special-
ization to help players reach their top performance (Larkin,

Mesagno, Berry, & Spittle, 2018).

CONCLUSIONS

It is concluded that young soccer players with differ-
ent positional roles displayed overall similar visual search
behaviours. Despite the sample being compromised of U-13

soccer players at a highly competitive level and involved in
systematic training, the visual search pattern differences
between the positional role were observed only in a few vari-
ables. This information indicates that the positional role is
not a factor that differentiates the perceptual-cognitive skills
of the U-13 soccer players. The specialization of the group is
a continuing process that occurs gradually through the qual-

ifying soccer teaching process.

PRACTICAL IMPLICATIONS
1. Based on the findings of the present study, coaches will

expand their understanding of how young soccer players
from different positional roles search information from
the ambient, an important skill for the soccer context.

2. Coaches will also be able to design activities accord-
ing to young soccer players’ limitations and potenti-
alities, aiming to enhance their development.

3. This information can be useful for helping coaches to
design training situations with specific visual stimuli
that require the players’ faster decision-making.
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