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Abstract: The present study explored visual strategies employed by female soccer players of high,
medium, and low levels of expertise. We used eye-tracking technology to examine how skill-based
differences related to gaze behavior in 30 participants (10 in each group) who were required to respond
physically to film images projected on a screen using soccer skills (penalty kick, dribbling, pass
reception, and defensive cover). Data were collected from search rate (visual fixations duration and
number, and number of fixated areas), percentage of viewing time, and variability of pupil diameter.
Analyses revealed that female elite players engaged in more visual fixations, directed gaze toward
more relevant areas of the scene, and showed less variability of pupil diameter, compared to their non-
elite counterparts. Our findings seem to corroborate prior research which compared participants with
different levels of expertise while performing soccer skills.
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1. Introduction

Team sports offer a unique dynamic
context in which perception and action can be
studied. There has been a recrudescent
interest in measuring eye movements and
assessing visual search behavior in skilled
and non-skilled athletes (Dicks et al., 2010;
Mann et al., 2019; Moran et al., 2019; Vater et
al, 2020; Williams & Ericsson, 2005),

especially in soccer (Cardoso et al. 2019;
Paillard & Noe, 2006; Roca et al., 2011, 2013;
Savelsbergh et al., 2002; 2005, Williams &
Davids, 1998; Williams et al., 1994; Wood &
Wilson, 2010; Woolley et al., 2015). As soccer
players move in the field, they need to gather
information from the ball, teammates, and
opponents. Thus, where and when they look
is crucial for performance. Skilled soccer

players are known to adopt certain visual
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search behaviors that allow them to analyze
the surrounding scene efficiently. However,
in situ field studies are challenging to
conduct (see Aksum et al., 2020). Constant
dynamic changes during the game make it
harder to compare how players with
different levels of experience respond to
specific situations. Film-based paradigms, on
the other hand, due to their consistent scene
repeatability, allow for direct comparisons
between players with different skill levels
and can offer an initial platform for
exploratory studies, although film-based
studies are limited in their external validity
(Williams & Ericsson, 2005).

Skilled soccer players have consistently
shown superior performance than non-
skilled ones regarding the use of relevant
information and predictive cues about the
opponents to guide their motor responses
(Abernethy et al., 2001; Casanova et al., 2009;
Rodrigues et al., 1999; Williams & Burwitz,
1993; Williams & Davids, 1998; Williams et
al., 1993; Vater et al., 2020; Williams &
Ericsson, 2005). Particularly, research using
eye-tracking  technology has  helped
identifying direct implications with regard to
skill-based  differences between visual
fixation and attention (i.e., in anticipating a
pass) (Roca et al., 2013; Ward et al., 2002;
Williams & Davids, 1998; Williams & Ericson,
2005). These findings demonstrated that
soccer players are not only capable of
“looking” but also “seeing”, and therefore
exhibiting more efficient behaviors by casting
fewer, yet longer visual fixations at more
informatively relevant areas of the scene (i.e.,
skilled players can deal with visual
information  loss). Acquiring  quality
information in a single fixation while picking

up relevant information through foveal and

peripheral vision might be critical to allow
time to analyze the stimuli (e.g., a moving
ball and/or opponents). Such skilled visual
behavior contributes to perceiving and acting
earlier (anticipation) via an efficient use of
long-term knowledge. As a result, more
accurate expectations can be established
about upcoming movements of the opponent
(pattern recognition) (Abernethy et al., 2001;
Moran et al., 2002; Roca et al., 2013; Vater et
al., 2020; Ward et al., 2007; Williams et al.,
1993, 1994, 2004). Another relevant measure
that has been pointed out as a valid and
reliable index of attentional effort is pupil
diameter variability (Moran & Toner, 2017;
Moran et al., 2016, 2019). Specifically, more
dilated pupils represent increased mental
effort allocated by the individual as indicated
by neurophysiological correlates (Alnaes et
al.,, 2014). Sport performance has also been
related to pupillometry as skill-based
differences were identified in attentional
effort (Campbell et al., 2019; Moran et al,,
2016, 2019; O'Shea & Moran, 2016, 2018).
There seems to be no evidence showing
that gaze behaviors of female athletes differ
from males (Chen et al, 2021; Van
Maarseveen et al., 2018), however, research
on gaze behaviour in female soccer players is
lacking. The purpose of this study is not to
highlight gender differences; in fact, this
paper does not include male participants to
compare them to female ones. Rather, the
goal of this study is to focus on female
participants in soccer skills to explore how
their skill-based levels relate to gaze
behaviors. For this exploratory study, we
used a more controlled laboratory film-based
(2D video) paradigm similar to the ones used
by Williams & Davids (1998) and Williams et

al. (1994), and we focused on the number,
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duration and location of fixations, the
percentage of time spent viewing each
fixation area by locations, and the pupillary
response which have been shown to change
between professional, varsity, and novice
players in a number of settings, such as
performing a penalty kick against a
stationary and a moving goalkeeper,
dribbling, pass reception, and defensive
cover. In line with previous soccer studies
(Cardoso & Costa, 2013; Cardoso et al., 2019;
Casanova et al., 2009; Roca et al., 2011; 2013;
Savelsbergh et al, 2002, 2005; Van
Maarseveen et al., 2018; Williams & Burwitz,
1993; Williams & Davids, 1998; Williams et
al., 1993; 1994; Wood & Wilson, 2010), our
expectation was that elite female soccer
players (professionals) would demonstrate
superior gaze behavior strategies (e.g. fewer
but longer visual fixations at more
informatively relevant areas of the scene and
less dilated pupils) than their non-elite

counterparts.

2. Materials and Methods

Participants

Our purposive sample comprised 30
Brazilian female volunteers (mean age =
21.16, SD = 3.03 years): 10 professional soccer
players from a leading team of the Country’s
Major League (mean age = 24.8, SD = 4.13
years), who self-reported an average regular
practice in soccer of 11.34 (SD = 2.73) years
and 600 minutes of training time per week, 10
varsity soccer players (mean age =20.7, SD =
1.63 years), who self-reported average
regular practice in soccer of 6.09 (SD = 2.30)
years a maximum of 180 minutes of training
time per week, and 10 novices (mean age =
20.7, SD = 2.21 years) with average self-

reported regular practice in soccer of 0.65 (SD

= 0.39) years taken only sporadically in
leisure time or in Physical Education classes.
These criteria to classify participants with
respect to level of expertise was used in
several previous studies (Roca et al., 2013;
Savelsbergh et al, 2002, 2005, Van
Maarseveen et al., 2018; Williams & Davids,
1998; Williams et al., 1994; Wood & Wilson,
2010). Participants read and signed an
informed consent form prior to taking part in
the study, which was approved by the
research ethics committee (School of Arts,
Sciences, and Humanities, University of Sao
Paulo, CAAE 48919015.9.0000.5390). All
procedures of the study complied with the

Helsinki Declaration.

Apparatus

Data were recorded with a head-
mounted eye-tracker (Mobile Eye XG,
Applied Science Laboratories®), which is a
video-based  monocular  system that
measures the eye line-of-gaze using a
spectacle-mounted unit (eye and scene
camera mounted to a safety glasses style
assembly), a small display-transmit unit (see
Figure 1), and a notebook for processing data.
The system’s software incorporates a circular

cursor, ranging 0.5 to 1° of visual angle.
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Figure 1. A participant performing one of the tasks

wearing the equipment.

The eye camera records the pupil
while the scene camera records the
environment. The eye camera tracks the
reflection of the pupil from a hot mirror,
which is reflective in the near infrared
spectrum, but transparent in the visible
spectrum (the participant’'s view is not
obscured). The system operates within a safe
range of infrared illumination (Applied
Science Laboratories, 2014). The scene
camera is aimed directly forward and the

eye/scene data are updated at 60 Hz.

Calibration and film clips

Before testing, the system is
calibrated to verify point-of-gaze, adjusting
to the participant’s eye (position of the eye
image, eye alignment, adjustment of the
corneal reflection detection, adjustment of
the pupil detection) and scene (position and
calibration of the scene image). To compute
visual point-of-gaze, the image in Figure 2
was projected (Sony® VPL-DX140 projector)
onto a white screen (3m x 3.7m) positioned

4.6m from the participants (visual angle =

21.9°). Participants were instructed to look at
five pre-calibrated points on the image: the
ball, the goalkeepet’s chest, the upper portion
of the goalpost (above the goalkeeper’s
head), the right side of the goalpost
(following the goalkeeper’s left hand), and
the left side of the goalpost (following the
goalkeeper’s right hand). The points of gaze
where the participants were directing their
visual attention appeared superimposed
onto the scene in the form of a positional
cursor such that direction of attention could
be monitored. These calibration points were
recorded and saved on file for subsequent
analyses.

A digital video camera (Sony® Full
HD XR120) was used to generate video film

clips of the test target actions from a female

player’s perspective (first person).

Figure 2. Penalty kick against a stationary

goalkeeper.
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Figure 3. Penalty kick against a moving

goalkeeper.

Figure 5. Pass reception.

Figure 6. Defensive cover.

Design and procedures

We used a cross-sectional design.
The experiment was run in a room with the
lights off; luminosity was measured with a
digital luxmeter (Tecman® TMS830M) and

ranged from 17 to 22 luxes. After having read
and signed the informed consent and the
personal information forms, the participants
wore the spectacles and the small backpack
containing the display-transmit unit, which
was wirelessly connected to the notebook.
Then, calibration was performed, and verbal
instructions were given to the participants
about the scenes. The film clips were
projected onto the same wide screen used for
calibration, thereby closely simulating the
real image size and distance between the
players and opponent(s). Participants did not
watch any scene before the beginning of the
experiment and were instructed to perform
naturally in response to the projected scenes
as if they were in a real soccer game.

These test films were produced in an
official soccer field with the same three
varsity soccer players performing the five
skills. The first scene was the penalty kick
against a stationary goalkeeper located in the
middle of the goal line (Figure 2). As shown
in Figure 3, the second scene represented the
penalty kick against a goalkeeper moving
sideways on the goal line. To perform the
penalty kicks against the projected
goalkeeper, the participant ran towards the
image and ceased the movement as soon as
her foot touched the screen at the point of the
penalty mark. The third scene depicted
dribbling an opponent, as observed in Figure
4; the whole dribbling test film omitted
(spatial occlusion paradigm) the upper
regions of the opponent’s body (from the hip
upwards). In the fourth scene (Figure 5),
responding to the video of a ball coming from
a teammate pass, the player performed the
movement of a pass reception, trying to
cushion the projected ball with the dominant

foot after receiving a low pass from a
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teammate. The scene illustrated in Figure 6
was the defensive cover, the participant had
to respond to the projected video as a spare
defender providing support to a teammate
who was going over an attack player. We
chose these skills on the basis of their
technical and tactical importance, the
underlying  processes  of  attention,
anticipation, and decision-making which are
involved in their performance, and their
significance for winning a match (Canal-
Bruland, 2009; Furley et al., 2017; Natsuhara
et al., 2020).

Two penalty kick film clips were
included because the visual pattern of the
kicker can vary depending on the activity of
the goalkeeper; it is known that more
penalties are saved on trials when the
goalkeeper is moving (Wood & Wilson,
2010). The durations of the video clips were
5s, 7s, 3s, 7s, and 4s, from scene 1 to 5,
respectively.

Once the participants stated that the
instructions were clear and indicated that
they were ready, they were positioned
behind a starting line facing the projection
screen, the eye-tracking record button was
triggered, the playback of the video was run,
and the participant responded physically to
the film (as explained above).

Each of the video clips was presented
in a sequence from 1 to 5, three consecutive
times. During the video presentations,
participants were allowed to move freely.
Trials in which the participant made sudden
jerks of the head were ignored and replaced
by a new trial. Due to blinks or relevant head
movements (missing data) during a trial, we
chose from the three trials of each skill the

one with less missing data for gaze analysis.

Feedback was not provided in any of the
trials.
Dependent variables

The eye and scene images were
recorded with a resolution of 640 x 480 pixels.
From the gaze overlaid on the video
recordings, we extracted the following
dependent variables:

1. Search rate: a) number of visual
fixations — the amount of visual fixations per
trial; b) number of areas fixated — the amount
of areas of interest (AOls) fixated per trial
(AOIs were defined based on task relevance
in each trial); c) fixation duration — the time
spent making single fixations per trial.

2. Percentage viewing time - the
amount of time participants spent fixating
each of the areas of interest (AOIs) on the
scene on each trial. If the fixation was not in
one of these AQISs, it was classified as out of a
defined area (OUT).

3. Pupillary response (pupil diameter
variability) — single subtraction: the highest
value of pupil diameter (in pixels) in relation
to the smaller pupil diameter on the trial
(baseline).

The number of visual fixations, the
number of areas fixated, and the fixation
duration were calculated with the
assumption that a fixation is the period of
time when the eye remained stationary
within a 1.5° (visual angle) of movement
tolerance for a period equal to, or greater
than, 100 ms (Applied Science Laboratories,
2014). The following areas of interest were
chosen for analysis: penalty kicks — ball,
goalkeeper, goal, outer areas; dribbling —ball,
opponent’s feet, outer areas; pass reception —
ball, teammate, outer areas; defensive cover —
ball, opponent, outer areas. Fixations were

analyzed before the kicks and pass reception
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were produced, during the movement for
dribbling and defensive coverage, and before

the pass reception.

Statistical analysis

The data were analyzed through the
ASL Results software® and then exported to
electronic spreadsheets. Each dependent
variable regarding search rate and pupillary
response  was  analyzed  separately,
considering the five skills, by means of a
multivariate ~ analyses  of  variance
(MANOVA) with “group” as the between-
participants factor (professionals x varsity x
novices). Box’s Tests were run to check for
violation of the equality of covariance
matrices assumption. When appropriate, F-
ratios were reported with the degrees of
freedom adjustments. Partial eta-squared
values (partial ©2) were also reported to
indicate effect sizes for significant results.
Follow-up testing was conducted using
Sidak post hoc procedures. Percentage
viewing time was submitted to descriptive
and non-parametric analyses, a Kruskal-
Wallis (ANOVA by Ranks) followed by the
Chi-Square H test (because there were more
than five subjects in each group), to identify
whether group differences existed for time
spent fixating each area of interest. The
software of analysis (ASL Results) allows a
frame-by-frame tracking of each AOI (ball,
opponent, goal). For all analyses, alpha was
set at .05.

3. Results

Means and standard deviations for the
search rate variables (number of visual
fixations, the number of AQIs fixated, and
fixation durations) are shown in Table 1.
Box’s Test indicated the no violation of the
Equality of Covariance Matrices assumption

(MBox = 48.60, p = 0.238), hence we
considered Roy’s Largest Root, which
detected a significant effect for “group”,
F(524) =3.08, p = 0.027, partial ©2 = 0.39,
regarding the number of fixations. Sidak post
hoc procedure showed that the professional
players engaged in more fixations than (a)
the novices for the penalty kick with non-
moving goalkeeper, and the defensive cover
and (b) the varsity players for the pass
reception. There were no significant
differences between the professionals,
varsity and novices for fixation durations,
F(10,44) = 0.19, p=0.99, partial @2 =0.04, and
for the number of AOIs fixated per trial,
F(10,44) =1.17, p = 0.34, partial #2 = 0.21.

While performing the kick with a
stationary goalkeeper (Figure 7), the three
groups spent almost the same amount of time
looking at the goalkeeper [x2 (2) =2.84, p =
0.24]. Rather, when the goalkeeper was
moving (Figure 8), novices spent less time
looking at the opponent [x2 (2) = 6.55, p =
0.04] and, despite the lack of statistical
differences, the varsity and novices spent a
larger time fixating the outer areas. Even
though descriptive differences can be seen in
Figure 9 in the dribbling, no significant effect
was detected by the analyses [x2 (2) =0.92, p
= 0.63]. Regarding pass reception (Figure 10),
all participants spent less time gazing at the
teammate [x2 (2) =18.42, p <0.001] and about
half of their time looking at the ball. All
participants looked less at the opponent
when performing the defensive cover, [x2 (2)
= 5.89, p = 0.05], while novices and varsity
players tended to pay more attention to the
outer areas (more than half of the time), as
demonstrated in Figure 11.

Means and standard deviations for the
pupillary response are presented in Table 2.
Box’s Test indicated the violation of the
Equality of Covariance Matrices assumption
(MBox=102.11, p = 0.0001), hence Hotellings-
Trace F-ratio was used. There were
significant differences between groups,
F(10,44) =3.48, p = 0.002, partial @2 = 0.44,
with Sidak post hoc procedure showing for
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most conditions (a) lower pupil variability
values for the professional players compared
to novices (p = 0.04), except for pass
reception, and (b) lower pupil variability for
the varsity players in comparison to the
novices when performing the kick against a
moving goalkeeper (p = 0.003).
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Figure 7. The percentage of time spent viewing
each fixation location across groups to kick the
penalty against a stationary goalkeeper as a
function of locations.
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Figure 8. The percentage of time spent viewing
each fixation location across groups to kick the
penalty against a moving goalkeeper as a function
of locations.
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Figure 9. The percentage of time spent viewing
each fixation location across groups while
dribbling as a function of locations.
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Figure 10. The percentage of time spent viewing
each fixation location across groups to receive a
low pass as a function of locations.
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Figure 11. The percentage of time spent viewing
each fixation.

4. Discussion

This study aimed to explore gaze
behaviour strategies of female individuals
with distinct skill levels in soccer skills.
Specifically, we compared within a film-
based (2D video) paradigm the number, the
duration and the location of visual fixations,
the percentage of time spent viewing each
fixation area by locations, and the pupillary
response in professional, varsity, and novice
players in the penalty kick against a
stationary and a moving goalkeeper, the
dribbling, the pass reception, and the
defensive cover. The findings partially
corroborated the expectation according to
which elite players would show more
efficient gaze behaviour than their less
experienced counterparts. The percentage of
time spent viewing each fixation area by
locations and the pupillary response showed
that the elite players demonstrated more
efficient visual strategies than the less skilled
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players, that is, professional soccer athletes
tended to show less variability in pupil
diameter and direct gaze toward relevant
areas of the scene (despite non-defined areas
between two relevant AOI can be used by
football players as visual pivots from where
they can obtain information from AOI
through peripheral vision). In turn, non-elite
soccer players tended to direct gaze toward

irrelevant areas of the scene and show more
variability in pupil diameter. With respect to
the visual search rate, the experts engaged in
than their skilled
counterparts, whereas no group-differences

more fixations less
were detected in the duration of fixations. We
will further address each group of variables
below.

Table 1. Search rate variables across groups (mean - M and standard deviation - SD).

Variable Novices Varsity Professional
M SD M SD M SD
Penalty kick (stationary
goalkeeper)
Fixation durations (s) 0.236 0.096 0.213 0.096 0.237 0.119
Number of AOIs fixated 1.300 0.483 1.600 0.516 1.600 0.516
Number of fixations # 2.000 0.942 2.900 1.852 4.100 2.282
Penalty kick (moving
goalkeeper)
Fixation durations (s) 0.217 0.087 0.197 0.081 0.184 0.040
Number of AQIs fixated 1.300 0.483 1.500 0.527 1.800 0.421
Number of fixations 3.000 2.581 4.100 2.806 5.000 1.825
Dribbling
Fixation durations (s) 0.315 0.109 0.332 0.152 0.327 0.145
Number of AOIs fixated 1.900 0.567 2.000 0.666 2.300 0.674
Number of fixations 4.800 2.936 5.100 2.766 6.500 2.549
Pass reception
Fixation durations (s) 0.599 0.228 0.548 0.127 0.570 0.073
Number of AQIs fixated 2.700 0.674 2.800 0.421 3.000 0.226
Number of fixations * 18.100 4.094 15.500 6.004 22.700 7.196
Defensive cover
Fixation durations (s) 0.434 0.210 0.391 0.201 0.437 0.090
Number of AOIs fixated 2.000 0.816 2.100 0.875 2.700 0.483
Number of fixations # 5.600 3.098 7.100 2.469 10.300 4137

Note. #p<0.05 Novices x Professionals; *p<0.05 Varsity x Professionals.

Table 2. Pupil diameter variability in pixels across groups (mean - M and standard deviation - SD).

Variable Novices Varsity Professionals
M SD M SD M SD

Penalty = kick  (stationary  29.33 746 2448 10.05 15.81 5.02

goalkeeper)*#

Penalty kick (moving 2670 11.76  14.38 2.56 11.22 3.16

goalkeeper)#

Dribbling# 2771  11.67 19.38 6.36 15.65 3.56

Pass reception 19.84 972 2112 9.79 12.40 3.65

Defensive cover# 28.18 1539 23.17 6.56 16.74 3.50

Note. *p<0.05 Novices x Varsity; #p<0.05 Novices x Professionals.
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Although the number of fixated areas
and the fixation durations had been similar
for all participants, the professional players
engaged in more visual fixations when
compared to novices and varsity players,
particularly for the penalty kick with a non-
moving goalkeeper, defensive cover, and
pass reception. Thus, these findings did not
corroborate our expectation that elite female
soccer players (professionals) would
demonstrate  superior gaze behavior
strategies than their non-elite counterparts.
Research on the amount of visual
information that soccer players gather in
film-based studies (Cardoso & Costa, 2013;
Cardoso et al., 2019; Roca et al., 2011; 2013;
Savelsbergh et al, 2002, 2005, Van
Maarseveen et al., 2018; Williams & Burwitz,
1993; Williams & Davids, 1998; Williams et
al., 1993; 1994; Wood & Wilson, 2010) has
shown disparities which has been attributed
to the nature and type of the task presented
to participants as well as the experimental
instructions given prior to testing (Casanova
et al., 2009; Williams et al., 2005). In spite of
this discrepancy, we subscribe to the
argument that higher search rates are more
likely to occur when there are a number of
stimuli on the display compared to scene
contexts containing limited information
(Vater et al., 2020; Williams & Davids, 1998;
Williams et al., 2005). Our experimental tasks
were more like the latter type. In such more
limited contexts, perceptual skills involve
“anchoring” the visual system on the areas of
the scene that are the most informative (cue
redundancy) and ignoring the areas of low
information content. Our professional
participants did cast more visual fixations to
those relevant areas as a demonstration that
they seemed to know where to look on the
scenes displayed.

More than the amount of information
attended, our results revealed between-
group differences with regard to the nature
of information, as indicated by the

percentages of viewing time and variability
of pupil diameter. When performing the
penalty kick, elite players directed their gaze
to the moving goalkeeper more than non-
elite ones, who seemed to direct visual
attention to irrelevant areas of the scene. The
visual attention to kick a penalty against a
moving goalkeeper is assumed to be
stimulus-driven and, consequently,
experienced players are more skilled to shift
attention without losing input information in
addition to “anchoring” the visual system to
the relevant areas of the scene (Paillard &
Noe, 2006; Van Maarseveen et al., 2018; Vater
et al., 2020; Williams et al., 1994, 2005). This
finding corroborates previous research
conducted in goalkeepers (Savelsbergh et al.,
2002, 2005; Wood & Wilson, 2010) and
appears to allow subtle on-line adaptations
within the scope of the available constraints
(e.g., to make changes in the direction of the
kick).

Regarding dribbling, despite the lack of
significant statistical effects, the descriptive
data allow us to establish hypotheses to be
investigated in upcoming studies: non-elite
soccer players looked proportionately more
at the irrelevant areas of the scene compared
to elite counterparts; professionals
demonstrated a trend to fixate on the ball,
whereas the varsity players preferred gazing
at the opponent’s feet. In one-to-one
situations like dribbling, players need highly
precise information from motion invariants
from the opponent’s hip and lower leg-ball
regions joint angles to tune direction, speed
and force, information that is poorly picked
up by the peripheral visual system and is
mainly obtained by foveal vision (Williams et
al., 2005). As our dribbling test film spatially
omitted these upper regions of the
opponent’s body (limitation to be addressed
in future investigations), it can be argued that
the professionals “anchored” their foveal
vision onto the ball to pick up cues on the
opponent’s leg more quickly with their
peripheral vision. Another speculative
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explanation to this finding is that experts
direct their gaze to key areas of the scene
perceived as many events as possible during
one single eye fixation, whereas novices may
gaze at single and successive events as they
appear on the scene (Millner & Goodale,
1995; Ripoll, 1991). When receiving the ball
after a low pass from a teammate, all players
looked more at the ball than the teammate.
Longer fixations on the ball might be
explained by the fact that the low pass was
given with no opponents trying to intercept
it. This predictable goal-driven circumstance
might have constrained the attention to the
ball as no additional stimuli were presented
on the display. All participants looked less at
the opponent, while novices and varsity
players tended to pay more attention to outer
areas (more than half of the time).

Participants drew less visual attention to
the opponent while performing the defensive
cover and the non-elite players tended to
fixate their gaze at irrelevant areas of the
scene. Thus, professionals appeared to
engage in more complex visual strategies
(i.e., fewer foveal fixations to facilitate
shifting visual attention), particularly when
the task required knowledge about where to
move after the ball was controlled by the
opponent’s attack. This “off the ball” strategy
was described by Williams et al. (1994) in a
simulation of a formal soccer game (11 x 11),
when skilled defenders did not look at the
ball but to the player in possession of it while
simultaneously =~ monitoring  positional
changes of play in the periphery.

The variability of pupil diameter also
showed visual skill-based differences. The
analysis revealed that the non-elite players
demonstrated higher values of pupil dilation
than elite ones in all tasks, except the pass
reception. Novices also showed greater pupil
dilation than the varsity players in the
penalty kick against a moving goalkeeper.
This pattern corroborates previous findings
(Cardoso & Costa, 2013) with adolescent

soccer players. Pupil diameter variability
appears to increase as a function of the
cognitive effort imposed by motor tasks
(Cardoso & Costa, 2013; Cardoso et al., 2019;
Moran et al., 2016, 2019; Wilson et al., 2006),
a typical feature of early motor learning
(Magill & Anderson, 2021; Schmidt et al.,
2019). Between-group comparisons in the
pass reception and in the penalty kick against
a moving goalkeeper suggest that
fluctuations in the pupil diameter might
differentiate decision-making in contexts
with different levels of information
processing. Future studies may help confirm
this interpretation.

5. Conclusions, limitations, future studies,
and practical applications

Overall, the current findings showed
that the nature of visual information
appeared to differentiate elite from non-elite
female soccer players when responding to
videos of penalty kick, pass reception, and
defensive cover. Moreover, in these soccer
skills, it was possible to establish two direct
relationships between the experience level
and (1) the gaze to relevant areas of the
display and (2) the smaller variability of
pupil diameter. One can speculate that due to
their more refined structure of task-specific
knowledge and improved  strategic
processing of information, elite female
players can employ efficient gaze behaviour
to perceive and act. The present study
distinguishes itself from others due to a
variety of soccer technical skills employed
and the use of a cognitive effort measure
(pupillary response). These conclusions
reflect gaze behaviours that have been
explored through 2D video projections,
hence the results cannot be generalized to
measurement situations in natural contexts.

As limitations, we highlight an order
effect bias due to the fixed sequence of film
clips, head movements during the execution
of the skills, omitted regions of the
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opponent’s body in the dribbling test film,
and the absence of outcome measures for the
skills. In upcoming studies, we call for the
use of performance measures and cue usage
(errors, verbal reports and event occlusion) in
conjunction with eye-tracking techniques.
Also, video recorded scenes provide a useful
way to control visual contexts across
participants, but they reduce visual access to
the broader playfield, hence limiting the
measurement of other critical factors and
dynamic events that may be as important
during the game (soccer players are not used
to responding to displayed 2D video stimuli
and we did not provide familiarization with
the protocol using neutral stimuli to adapt to
the procedures). In this sense, it is important
to make use of real, live contexts as opposed
to video scenarios — in fact, in situ x video
differences in information pickup for
perception and action have already been
reported in baseball (Dicks et al., 2010) and
soccer (Van Maarseveen et al., 2018) studies.

Bearing in mind the limitations cited
above, we would like to outline some
practical applications of the findings: (1)
directing the gaze to the moving goalkeeper
when performing the penalty kick is
recommended, (2) when receiving the ball
after a low pass from a teammate with no
opponent trying to intercept, the ball should
be the locus of visual attention, (3) while
performing the defensive coverage, the
opponent is only one source of information to
be visually picked up, (4) moving opponents
increase pupil diameter variability in
inexperienced players. The three last
implications should be carefully considered
to be directly extrapolated to real world
contexts because the videos of the pass
reception and defensive coverage lack
ecological validity (much visual information
usually available in the game was not
present, such as teammates and opponents).
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