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Abstract
Background

Visual perception has been defined as the first step to a football
player’s decision-making process and it plays an important role in
performance in sport. The skill of focussing to prioritize relevant cues
has been also considered crucial in sport. This pilot study aims to
explore the visual behaviour and attentional effort of three football
players (mean age 19 + 0 years old) in specific-role positions; Right-
winger (RW), Centre-Midfielder (CM) and Left-Back (LB), in the five
seconds before receiving the ball from their teammate.

Methods

Twenty-two male football players performed an 11v11 game, where
24 game sequences (trials) from which 166 fixations were recorded

and analysed via the Tobii Pro eye-movement registration glasses and

software. The gaze behaviour dependent variables were the mean of
fixation duration (FD), time to first fixation (TTF), both measured in
milliseconds (ms), and the number of fixations (NF) on eight areas of
interest (AQOIs). AOIs include teammate with and without the ball,
opponent without the ball, space around teammate with and without
the ball, space around opponent without the ball, ball and undefined.
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The mean pupil diameter (PD) correlates to the attentional effort and
was measured in millimetres (mm).

Results

Descriptive statistics showed nonregular search rate data between the
participants in FD, TTF, NF on the AQOIs. Mean FD on the ball: (CM, 270
ms), (RW, 570 ms), (CM, 380 ms). They also presented differences in
the mean PD during play; (CM: 2.90 mm + 0.26), (RW: 2.74 mm + 0.30),
(LB 2.77mm £ 0.27).

Conclusions

Albeit the sample size was small, the findings demonstrated a
promising way to measure the on-field perceptual-cognitive abilities
of football players according to their specific positions, since different
playing roles revealed to present distinctive visual and attentional
patterns. This could potentially assist in tailoring players ‘visual and
focus training.

Keywords
Football, player-role, perceptual-cognitive skills, eye-tracking, decision
making
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. 3\
{47784 Amendments from Version 3

In response to the last reviewer's comment, we have incorporated the significance and potential implications of our findings
into the abstract. Additionally, we provided a concise summary of previous research on visual perception in various
positional roles in football to contextualise our current study. Lastly, we included a figure illustrating the typical positions
and playing areas of the roles examined in this study.

Any further responses from the reviewers can be found at the end of the article

Introduction

Over the last twenty years, perceptual-cognitive skills of athletes in sports have been studied extensively to understand the
mechanisms behind anticipation, decision-making, and expertise in sport.' Perceptual-cognitive skill of an athlete in team
sports refers to their ability to use human perception; seeing, hearing and awareness to pick up cues during play.' Those
would be then integrated and processed with existing (tactical) knowledge so that the right sporting decision could be
actioned.” It has been clearly demonstrated that athletes with higher perceptual-cognitive skills have better anticipation
and decision-making abilities.”

Research has shown that attention in sport is as important as perception for performance.” Indeed, visual attention (focus)
and visual perception are distinct, yet closely linked.*” From a coaching and professional perspective, visual perception is
defined as the first step of football players’ decision-making process.” A player scans the field during a specific style of
play to decide their next action accordingly.” Visual attention is what enables this player to pick-up all important cues and
ignore the less relevant before making their decision.”

When discussing attention, it is important to distinguish between covert and overt attention.® The covert is characterised
by the attention following the movements of the eyes (linked to central vision)."” Overt attention is directed elsewhere
than where the eyes are fixating (linked to peripheral vision).*’

A football game is characterised by 22 athletes whose movements, speed, body, and positioning, vary continuously.'""'
As a result, football players would use their visual perception and attention differently to pick-up cues such as spaces,
teammates, opponents to intend to make the right decision at the right time.” As a result, we believe it is important for
coaches to be aware of individual players’ visual patterns and attention.

Research on visual perception evidenced that 80% of the information taken from the environment is done through the
eyes.'” This allows a player to analyse the game situation and recognised patterns of play.'? Therefore, visual perception
is crucial for spatial awareness.'” Visual perception has been previously studied via “scanning”, which is the amount of
time a player moves their head towards and away from a ball, teammate, or opponent; not considering their gaze
behaviour.'"'? Although, visual exploration can also be done through body movements, it is ultimately through the eyes
that the information is mainly picked up and processed."’

When it occurs, the eyes move and fixate at a specific cue, this process is characterised by the steadiness of the gaze at a
point of interest.'* It is commonly associated to central vision since it enables individuals to see details clearly and
sharply.'* For example, fixation happens when a player keeps their eyes (and therefore gaze) on the ball to get a clearer
vision of it."” Fixation has been previously linked to football performance since its duration can vary depending on the
skill level of an athlete and task constraints existing in the sport environments.'”> An increase in fixation duration can
suggest that the player may have more interest in what is fixating at, and/or processing the information.'” Although there
has been a general assumption that the players attention is where they fixate, it has also been evidenced otherwise.'® As an
example, a player can look at the most obvious free teammate but pass the ball to another teammate they spotted using
their peripheral vision.'

Most visual perception studies explored gaze behaviour following Gibson’s theory of perception-action coupling, which
explains the mechanism behind the coordination between what we see and what we do.'” During a football game, players
are confronted with ever-changing dynamic situations and constraints which they need to consider constantly before their
next actions. For example, a player who is in possession of the ball would have to decide to either shoot at goal, pass to a
teammate, or dribble the ball depending on how far the goal is and how his/her teammates and opponents are positioning
and moving themselves on the pitch."®

Aksum ez al.'” conducted an on-field observational study investigating eye movements of midfield players during a
11v11 match play. They analysed visual fixation when the ball was at play, during both defence and attack phases.
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Figure 1. Positional Role of Right Winger (RW), Centre-Midfielder (CM), and Left-Back (LB) on a football field.

Moreover, the forementioned authors measured fixation duration and the total time spent (as a percentage) of viewing
each fixation’s location, categorising the locations as ball, teammate, opponent, space and other.'’ They provided
valuable insight from their experiment showing that elite midfield players use longer fixation duration (242.49 ms) when
facing several cues such as space, teammates, and opponents.'* Furthermore, midfield players fixate more at the player in
possession of the ball during a defensive phase of play than during an attacking phase.'’

Although their experiment provided an understanding into the gaze behaviour of midfield players, more research is
needed, as it could be argued that football players, including backs and forwards, have different roles on the pitch and
therefore might use different gaze strategies.'” Another limitation of their research lays on the fact that they did not
explore visual attention.

As previously stated, visual perception and attention are closely linked and integrated within the decision-making process
of a football player.” Therefore, our intention was to investigate visual perception by studying our participants gaze
behaviour but also their attention by measuring their pupil size during play.

A laboratory study investigated attentional effort of expert and novice horse riding athletes by measuring pupil diameters
using video simulations.”” The results found evidenced that the expert group displayed a higher increase of their pupil size
diameter than the novice group.”’ Conversely, another study highlighted that a player owning a higher amount of tactical
knowledge requires less cognitive effort during a laboratory video test.”’ This difference could be pointed because
football is a team sports with complex situations compared to horse riding.'**°

In this observational pilot experiment, we explored the gaze behaviour and attention of three male footballers who played
as a left-back (LB), right-winger (RW), and centre-midfielder (CM) (see Figure 1). The focus was on the five seconds
before receiving the ball from a teammate in an 11v11 game. The analysis of the visual (search rate, search order) and
attentional data was carried out when the investigated player's team was in possession of the ball.

Methods

Participants

Twenty-two male football players (mean age 19 4= 0 years old; 6.67 &= 3.79 years of football practice, which correspond to
a total 1334 hours) who play as amateurs in the Portugal National University Championships were recruited. We
contacted football coaches of the Luséfona University via email who forwarded our invitation letter to the players to
voluntary take part to the experiment. They all took part in a 15-minute pre-competitive football game, which were
separately recorded the visual behaviour of three of those participants who played as a LB, CM and RW were each
analysed and recorded at different moments of an 11 v 11 football game. Participants reported normal or corrected-to-
normal levels of visual function. The study complied with the safety guidelines of the Tobi eye tracking devices and was
approved by the Ethics Committee of Luséfona University (protocol number M25A21), and the UCL Research Ethics
Committee (project identification number 7067/001) which are in accordance with the Declaration of Helsinki. All
participants provided voluntary written informed consent, where all procedures were explained in detail, from the data
collection to the publication stage.
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Apparatus

The Tobii Pro Glasses 2® (Tobii Pro AB, Stockholm, Sweden) eye-movement registration system was worn by each
participant during an 11 v11 football pre-competitive match on a full-size pitch. The Tobii Pro Glasses 2° is a binocular
eye tracker that records the point-of-gaze onto a video image of the scene, measuring the relative position of the pupil and
corneal reflection. The image recorded was then analysed via the Tobii Pro Lab software (Version X, Tobii Pro AB,
Stockholm, Sweden). The Tobi Pro Lab Software was utilized on a Dell Venue 11 Pro 7130, Windows 8/8.1 Pro tablet at a
rate of 50 Hz. It is important to highlight that players were not recorded simultaneously. The visual behaviour and
attentional effort of three football players were investigated in the five seconds before receiving the ball from their
teammate. Jordet ef al.'” previously investigated the scanning frequency (players looking over their shoulders) per
seconds in the last ten seconds of a team possessing the ball. Their study showed that distinct positional roles were linked
to different degrees of scanning, with central midfielders and central defenders having higher scanning frequencies.

In contrast to Jordet’s preference for a 10-second window and focus on scanning (head movement counts),'” our analysis
instead delves into gaze behaviour, specifically eye movements measured in milliseconds. While a more extended
timeframe might give additional information, we deliberately opted for a concise duration (5 seconds). This decision
considers the balance between data richness and practicality, preventing an overload of information for coaching staff and
aligning with the real-time nature of players' actions in a game.

The procedures were carefully explained to the participants before the beginning of the experiment. The eye-tracking
glasses were well fitted onto the participant’s face who also worn a vest holding the recording unit in a small pocket
between the shoulder blades. To ensure high gaze data quality, calibration procedures were carried out by asking the
participants to focus on the center-point of the calibration card held in front of them for five seconds. Each investigated
participant practiced for five minutes playing football while wearing the eye tracker to ensure familiarity with the testing
protocols. In the experiment, our three investigated participants took part in a 20-min 11v11 pre-competitive football
game. Each of them worn the Tobii eye tracker for about 5 minutes.

To control for possible learning biases, no feedback was provided during performance.

Visual search behaviours
Search rate

The measurement of visual search rate comprised those of the number of fixations (NF); characterising how often each
player looks at each of the eight areas of interest (AOI), as per Casanova et al.'*: the ball (B), an opponent without the ball
(ONB)), the space around opponent without the ball (Space around ONB), any space around a teammate without the ball
(space around TNB), space around a teammate with ball (space around TB), teammate with ball (TB), teammate without
the ball (TNB) and undefined (U). The “undefined” category is characterised by any gaze data which would not fall into
any of the other areas.

The search rate was measured via the fixation duration (FD) (in milliseconds; ms) which reveals how long each player
looks at each of the eight AOIs.

The gaze data were measured via the Tobii Pro lab software via metrics analysis and tracking pursuit analysing data
frame-by-frame using a sampling rate of 50 Hz. The velocity-threshold identification (IV-T) algorithm was used to
classify the different eye movements depending on their velocity, measured in visual degrees per second (°/s). This
threshold enables the categorization of the raw gaze data into different eye movements as saccades and fixations.”” For
instance, if the velocity is above the threshold, it would be categorised as a saccade. On the contrary, if the velocity turns
out to be below the threshold for a minimum duration of 120 ms, the eye movement data would be classified as a fixation.
In this experiment the IV-T filter was set up so that a fixation presents with a minimum threshold of 120 ms, with velocity
below the threshold of 100 visual degrees per second (°/s). The filter was set up with those values because the subjects,
targets and objects would be constantly moving under dynamic situations.””

The analysis of the eye tracking data via the Tobi Pro lab software was done via assisted mapping of the gaze data point
(gaze circle) on to a fixation location and into new coordinate system. In the study conducted by Aksum ef al.'” the gaze
circle was set at 100% so that it could comprise more than one object of interest. For instance, one fixation could include
three different areas such as the ball, teammate, and opponent.'” In the present study, we choose to set the gaze circle at
1% to contain only one object of interest, so to make the results more precise.
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Search order

Search order also defined as fixation order is characterised by the search sequence or order used by the players.”* The
search order was measured by analysing the mean time to first fixation (TFF), indicating when each player looks at each
AOL? A smaller mean time to first fixation value on a specific AOI would indicate that the player looks at this specific
AOI earlier in comparison to other AOIs.”

Attentional effort

Measure of pupil dilatation

We measured the size of the pupil of each of three players which is meant to reflect their attentional effort.”® Pupil data
often carries “noises” which are data that cannot be interpreted.”’ As a result, the moving average noise reduction filter of
the Tobii Pro software was used to filter our data. It produces an output data by creating an arithmetic mean of several data
points from the input data.”® The moving average filter also makes an average of the right and left eye data, even in the
event of only one eye being recorded.””

To demonstrate changes in attentional effort, previous studies measured a baseline (at rest) and a “post-stimulus” mean
value of a participants pupil diameter.”’ Subsequently, the baseline of the pupil data of each player investigated was
obtained by measuring the mean of the pupil diameter during the calibration of the eye tracker. The “post-stimulus” value
of the pupil dilation of each player was also measured during the five seconds before receiving the ball, as per the gaze
behaviour measurements.

Reliability

Test-retest reliability comprised a 20-day interval for re-analysis to avoid any familiarity effects with the task performed
using the Cohen’s Kappa test.”” Moreover, reliability was verified through the reassessment of more than 25% of trials, as
suggested in the literature.”

Statistical analysis

The distribution of data sets™’ was analysed using Shapiro-Wilk tests. Only descriptive statistics for the results analysis
was used since this pilot study had a small sample size and, therefore, is statistically underpowered.’’ Descriptive
analyses were performed using the Statistical Package for Social Sciences software V24.0 (IBM SPSS Statistics for Mac,
Armonk, NY: IBM Corp.) (RRID:SCR_002865).

Results

Fixation duration (FD)

Descriptive analysis revealed that the mean FD of the CM was the highest and accounted for 530 4 509.42 ms, with
minimum and maximum values being 140 ms and 1420 ms, respectively (see Table 1 and Figure 2). The mean FD of the
RW was the second highest at 332.50 £ 143.10 ms, with a minimum value of 130 ms and a maximum value of 570 ms.
Finally, the mean FD of the LB was the lowest and accounted for 306.25 £ 149 ms, with a minimum value of 130 ms and a
maximum value of 480 ms.

Table 1. Mean (m) and standard deviation (+sd) of search rate; fixation duration (ms) and number of fixations
obtained in centre-midfielder (CM), right winger (RW) and left back (LB) players.

Player role

Centre midfielder Right winger Left back

Fixation Number of Fixation Number of Fixation Number of
(Search rate) duration fixations duration fixations duration fixations
AOIs
(Ball) 270 +£509.42 25+ 8.07 570 +£143.10 19+5.04 380 + 149 16 + 4.41
(Opponent No Ball) 150 +£509.42 2+ 8.07 310+ 143.10 6+5.04 240 + 149 6+ 4.41
(NSp%ce”g)pponent 550 +509.42 3 +8.07 430 +143.10 4 +5.04 130 + 149 7 +4.41

o Ba
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Table 1. Continued

Player role

Centre midfielder Right winger Left back

Fixation Number of Fixation Number of Fixation Number of
(Search rate) duration fixations duration fixations duration fixations
(Space Teammate 210 £509.42 2+ 8.07 130 +143.10 9+5.04 160 + 149 7+4.41

No Ball)
(Space Teammate Ball) 1420+509.42 6 + 8.07 320+ 143.10 7 +£5.04 480 + 149 12 £ 4.41
(Teammate No Ball) 270 £509.42 24 8.07 270 £143.10 6 +5.04 460 + 149 8 +4.41

(Teammate Ball) 12304+509.42 2 +8.07 190 4+ 143.10 5+5.04 440 + 149 7+ 4.41
(Undefined) 140 +£509.42 1 +8.07 440 £ 143.10 3 +5.04 160 + 149 1+4.41
1600
1400
£ 1200
c
S 1000
S 800
o
5 600
T 400 L : N L L I N .ﬁ.'
“ 200
0
B ONB SONB STNB STB TNB ™ U
AOIs

ERW mCM mLB

Figure 2. Fixation duration (ms) of players (right winger (RW), centre midfield (CM) and left back (LB)) by their
position during the five seconds before receiving the ball.

The CM participant showed fixations of longer duration on SONB (550 £ 509.42 ms), STB (1420 + 509.42 ms) and TB
(1230 4 509.42 ms), related to RW: SONB (430 4 143.10 ms), STB (320 4 143.10 ms), TB (190 4 143.10 ms) and LB
gaze data: SONB (130 =+ 149 ms), STB (480 £ 149 ms), TB (440 £ 149 ms). The LB participant made longer fixations
only on the TNB (460 £ 149 ms), related to RW (270 £ 143.10 ms) and CM gaze data (270 £ 509.42 ms).

Total (TNF) and average number of fixations (NF)
The highest TNF was for LB which accounted for 64, associated with a mean value of 8 £ 4.41, a minimum value of 1 and
a maximum of 16.

The second highest TNF was for the RW which was 59, with a mean value of 7.374 5.04 and minimum and maximum
values of 3 and 19, respectively.

We found that the TNF for the CM was 43 and the mean value of 5.36 & 8.07. The minimum and maximum of NF were
1 and 25, respectively.

For the number of fixations, LB presented with the highest values SONB (7 + 4.41), STB (12 £ 4.41), TNB (8 + 4.41)
and TB (7 £ 4.41). Whereas RW showed the highest value of numbers of fixations on ONB (6 £ 5.04), STNB (9 4 5.04),
and U (3 £ 5.04) related to the other participants. Lastly, CM only had the highest number of fixations 25 + 8.07 on B
related to RW (19 £ 5.04) and LB (16 4 4.41).

Time to first fixation (TFF)

Descriptive statistics showed that across the explored plays the mean TFF of the LB was the highest and accounted for
22770 + 18441.24 ms, with a minimum value of 620 ms and a maximum value of 53900 ms.
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Table 2. Mean (m) and standard deviation (+sd) of search order; time to first fixation (ms) obtained in centre-
midfielder (CM), right winger (RW) and left back (LB) players.

(Search order)

AOIs
Ball)
Opponent No B

all)

Space Opponent No Ball)

Space Teammate No Ball)

Teammate No Ball)

Teammate Ball)

Player role

Centre midfielder
Time to first fixation

0+ 7000.32
15000 + 7000.32
5000 + 7000.32
14850 + 7000.32
3340 + 7000.32
10230 + 7000.32
12310 + 7000.32
20960 + 7000.32

Right winger

Time to first fixation

4790 + 6289.68
1330 + 6289.68
7970 + 6289.68
3570 + 6289.68
1110 £+ 6289.68
19360 + 6289.68
0 +6289.68
2500 + 6289.68

Left back

Time to first fixation

3120 + 18441.24
4860 + 18441.24
30950 + 18441.24
31890 + 18441.24
28770 £ 18441.24
620 + 18441.24
28050 + 18441.24
53900 + 18441.24

(
(
(
(
(Space Teammate Ball)
(
(
(

Undefined)

60000

"2 50000 ‘

5 |

S 40000 ‘

© | |

2 |

:é 30000

= ‘

o 20000 ’

e

[J]

£ 10000 '

a —p
U

-' "4 Ay
B ONB SONB STNB STB TNB
AOls

B

ERW mCM mlLB

Figure 3. Time to first fixation (ms) of players by their position (right wing (RW), centre midfield (CM) and left
back (LB)) during the five seconds before receiving the ball.

The mean of TFF of CM was the second highest and accounted for 10211.25 £ 7000.32 ms, with a minimum value of
0 ms and a maximum value of 20960 ms (see Table 2 and Figure 3).

For the time to first fixation, the LB participant showed the highest values for the most AOIs, SONB (30950 =+ 18441.24
ms), STNB (31890 + 18441.24 ms), STB (28770 + 18441.24 ms), TB (28050 + 18441.24 ms), U (53900 + 18441.24
ms) related to RW: SONB (7970 £ 6289.68 ms), STNB (3570 £ 6289.68 ms), STB (1110 %+ 6289.68 ms), TB (0 +
6289.68 ms), U (2500 +£ 6289.68 ms) and CM: SONB (5000 £ 7000.32 ms), STNB (14850 & 7000.32 ms), STB (3340 +
7000.32 ms), TB (12310 £ 7000.32 ms), U (20960 = 7000.32 ms). The RW participant displayed the highest values for
B (4790 £ 6289.68 ms) and TNB (19360 + 6289.68 ms), related to CM: B (0 £ 7000.32 ms), TNB (10230 =+ 7000.32 ms)
and LB: B (3120 £ 18441.24 ms), TNB (620 & 18441.24 ms). Contrary, the CM participant achieved the highest values
only for the ONB (15000 £ 7000.32 ms), related to RW (1330 + 6289.68 ms) and LB (4860 + 18441.24 m:s).

The mean TFF of the RW was the lowest (5078.75 4 6289.68 ms) with a minimum value of 0 ms and a maximum value of
19360 ms.

Page 8 of 30



F1000Research 2023, 12:679 Last updated: 14 DEC 2023

Table 3. Mean (m) and standard deviation (+sd) of attentional effort; pupil diameter (mm) obtained in centre-
midfielder (CM), right winger (RW) and left back (LB) players.

Player role

Centre midfielder Right winger Left back
Attentional effort Pupil diameter Pupil diameter Pupil diameter
Baseline 2.50 £ 0.20 2.64+0.18 2,59 +£0.35
During play * 2.90 £ 0.26 274 +£0.30 2.77 £0.27

*During the five seconds before receiving the ball from a teammate.
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Figure 4. Pupil diameter (mm) of players (right winger (RW), centre midfield (CM) and left back (LB)) by their
position during the five seconds before receiving the ball.

Pupil diameter

The mean pupil size of the CM at baseline was 2.50 & 0.20 millimetres (mm), with a minimum value of 2.21 mm and a
maximum value of 3.34 mm. During play, the CM’s mean pupil size increased by 0.40 mm to 2.90 &= 0.26 mm, with a
minimum value of 2.34 mm and a maximum value of 3.63 mm (see Table 3 and Figure 4).

The mean pupil size of the RW at baseline was 2.64 = 0.18 mm, with a minimum value of 2.22 mm and a maximum value
of 3.04 mm. During play, the RW’s mean pupil size increased by 0.10 mm to 2.74 &+ 0.30 mm, with a minimum value of
2.22 mm and a maximum value of 4.59 mm.

The mean pupil size of the LB at baseline was 2.59 £ 0.35 mm, with a minimum value of 2.38 mm and a maximum value
of 5.70 mm. During play, the RW’s mean pupil size increased by 0.18 mm to 2.77 &£ 0.27 mm, with a minimum value of
2.35 mm and a maximum value of 3.89 mm.

The CM participant was the footballer who more increased the values for pupil diameter variables from “baseline” to
“during play”, related to the RW and LB participants.

Discussion

This pilot experiment was carried out to explore gaze behaviour and attentional effort of football players from LB, RW
and CM during the five seconds before receiving the ball from a teammate on 11v11 game. As expected, in the present
study we observed dissimilar gaze behaviour and attentional effort from each football player (i.e., CM, RW and LB).

Visual search behaviours

The mean FD of the CM was the highest of all the specific positions analysed. It can be argued that the CM tends to fixate
for longer periods of time than the other players, in which is associated with previous studies which explained that the CM
players display higher value of mean FD since they usually act as a link between attack and defence.'’ Hence, CM players
must process more information because they consistently need to scan their surroundings. The RWs, who can be
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considered as attacking midfielders, displayed the second highest mean value of FD. This contradicts previous research
which suggested that attacking players display a lower scanning rate because they usually operate against temporal and
spatial in critical areas.'” Likewise, players located at the peripheries have also restricted use of their vision field since
they do not need to gather information from outside the side line.'” Lastly, LB presented with the lowest FD mean value
due to having proximity to the goals.

Analysis of the mean FD on AOIs showed that CM spent more time looking at spaces, particularly at STB than ONB. This
reveals that the CM player had more spatial awareness before receiving the ball, which has been evidenced to enable a
player to analyse different options and increase the chance of success of their next tactical action. During the five seconds
before receiving a pass, it seemed that the RW was more fixating at the ball than the spaces taking individually; STB,
STNB and SONB which might indicate that the RW player tended to do more “ball watching”. Ball watching has been
commonly associated with lower league and amateur players’ lack of spatial awareness and technical experience which
led them to focus solely on the ball.”’ Interestingly, the LB spent most of time fixating at STB and least time on SONB.
This could be interpreted that the LB somewhat fixates also at spaces. Nevertheless, it is important to highlight that LB
longest mean FD on STB, still remains lower than that of CM and RW’s on that same AOI. This could also be explained
by his position on the field, as previously mentioned.

It can be observed that despite CM looking at the ball more times, the player did not spend as much time fixating at it but
rather fixated longer at STB. FD and its relation to cognitive process has been deemed as intuitive.”” Nevertheless, it has
been conjectured that FD appears to be longer with more a complex task and situation.” As a result, it can be argued that
CM tends to fixate longer at STB because he needed to process more complex information. Moreover, it is important to
mention that STB could entail the space surrounding two different teammates who might have possessed the ball during
the five seconds before CM received a pass. Contrary to the CM, the RW had the tendency to fixate more often at the ball
and longer on the ball, while less fixating at STNB. Indeed, the same pattern could be observed for LB and RW, both of
whom fixated at the ball more.”' Those findings could be explained by the fact that our participants are all university level,
who are known to do more “ball watching” than their elite counterparts.™”

The benefits of using TTF as an outcome measure include communicating the visual pattern order of each player.”
Interpretation of TTF on (U) category was not included because it would provide no relevant information in that specific
analysis. Subsequently, it can be put forward that during the five seconds before receiving the ball, the CM tends to look
first at the ball, then STB followed by SONB, TNB, TB, STNB, and ONB. RW would look at the TB, STB, ONB,
STNB, B, SONB and TNB, in order. The LB presented with a different visual search order characterised by firstly fixating
at TNB then B followed by ONB, TB, STB, SONB, and STNB.

Attentional effort

As far as we are aware, only a few research studies”” in sport have used pupil diameter measurements to provide
information on player’s focus. As aresult, it may be difficult to debate our findings to other research studies. Nevertheless,
the CM showed a higher increase in pupil size diameter by compared to RW and LB, which could be seen regarded as a
trait of expertise. Conversely, another study presented that their players with the lowest attentional effort had the highest
tactical knowledge.”' For instance, lower and higher tactical knowledge players displayed mean pupil diameter 3.13 mm
+ 1.24 and 3.09 mm = 1.39, respectively during verbalization of their gameplay decision.”' This contradicts our previous
statement since CM presented with the highest cognitive effort during play. Those differences between theirs and our
results could be explained by the fact that their study was done with academy players from a higher league (Brazilian first
division soccer club) watching a video on a screen.”’ Aksum et al.'® also highlighted discrepancies when comparing their
findings to those found in laboratory studies, showing that players investigated in those studies presented on average with
longer fixation duration.

Interestingly, a recent study which looked at evaluating mental load (attentional effort) in training sessions, showed that
the pupil diameter of soccer players changes depending on the time spent training.” Although this study had different
objectives and methodologies, it presented that exploring attentional effort via pupil diameter could be a tool to monitor
cognitive load during training sessions and possibly reduce the risk of mental fatigue.

Our findings revealed that players acting in different specific positions (roles) presented distinctive visual behaviours and
attentional effort during the Football game. From a practical perspective, coaches and practitioners should consider how
best to use and adapt their interventions to improve visual search behaviours and attentional efforts according to their role
in the field.
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Limitations

The biggest limitation of this pilot study is the small sample size and the amount of data collected, which do not enable us
to demonstrate strongly evidences between the participants.’'*? Likewise, because we only had three participants, the
results could not generalize to the players role but rather to individual variations. It would also be interesting to gather
more data in different sporting settings (indoors vs outdoors football training sites) since pupil size diameters could vary
depending on the brightness of an environment and coupling decisional actions, as well.”* Additionally, the lack of
analysis of motor variables in relation to the visual data limited the possibility of gaining a deeper understanding of
perception-action dynamics in a football context. Pupil dilation, reflecting attentional effort, can be a valuable metric to
gauge player engagement and fatigue during training sessions and matches. Coaches can use this information to optimise
training loads, ensuring players remain focused and attentive throughout.

Practical applications
Targeted Skill Enhancement

Understanding players' visual search rates could help coaches design drills that specifically target areas where players
tend to focus less and might achieve better performance. For instance, if a player consistently neglects scanning the space
around teammates without the ball, drills could be designed to improve awareness of the movements and positions of the
off-the-ball players (teammates and opponents).

Insights into visual search order could guide coaches in developing targeted drills. For example, if a player tends to focus
on their opponents before teammates, coaches can design exercises to shift attention priorities. This approach aids in
refining decision-making and aligning training with players' natural perceptual tendencies.

Monitoring Attentional Effort

Pupil dilation, reflecting attentional effort, could be a valuable tool used to evaluate a player engagement and fatigue
during training sessions. Coaches can use this information to optimise training loads, ensuring players remain focused
and attentive during specific tactical events.

Future recommendations

Itis proven that conducting pilot studies can assist in assessing whether research is possible on a bigger scale.*” Despite its
limitations, the present pilot study gives a new oncoming on-field data that coaches could use to assess and improve their
player’s visual behaviour and attentional effort. Building upon these insights, future research should consider expanding
the sample size, diversifying participant roles, exploring different environmental settings, and incorporating football
specific motor variables into the analysis. These refinements would not only address the current study's constraints but
also pave the way for more valid findings.

Ethics and consent statement

The studies involving human participants were reviewed and approved by the Ethical Committee of Luséfona University
(protocol number M25A21) and University College London (protocol number 7067/001). The participants provided their
written informed consent to participate in this study, including the data collection and publication.

Author contributions
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Data availability
Underlying data
Open Science Framework (OSF): Visual Behaviour and Attentional Effort of Football Players, https://doi.org/10.17605/
OSF.IO/WAEYJ.*

- (1) gaze behaviour of football players (Data).csv

- (2) Attentional effort of football players (Data).csv

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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finishing the play sequence.

2 - Why did the authors not include other motor variables for a better understanding of the
perception-action loops experienced by the participants during the experimental task? I did not
find any reason throughout the document justifying this decision. The lack of this type of
behavioural variables should be stated at least as one limitation of the study or as an
improvement for future recommendation section.
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- During the writing of the results, I would recommend authors to concrete what football player
achieved the highest or lowest values for fixation durations, number of fixations and time to first
fixation at the different AOIs. I also suggested this possible paragraph to enhance the writing of
the results: “The RW participant displayed longer fixations on B, ONB and U, compared to the CM
and LB participants. The CM participant showed fixations of longer duration on SONB, STB and TB,
compared to RW and LB ones. The LB participant made longer fixations only on the TNB,
compared to RW and CM ones. For the time to first fixation, the LB participant showed the highest
values for the most AOIs, compared to RW and CM ones (e.g., SONB, STNB, STB, TB, U). The RW
participant displayed the highest values for B and TNB, compared to CM and LB. Contrary, the CM
participant achieved the highest values only for the ONB, compared to RW and LB ones. Finally, to
highlight that the CM participant was the footballer who more increased the values for pupil
diameter variables from “baseline” to “during play”, compared to the RW and LB participants”. I
claimed that this information would help to understand that each participant explored differently
the playing field, and what AOIs where more or less relevant for the participants regarding their
role in the team. Why did the authors not use this text?

- I also encouraged authors not to specify the values found in the tables during the wording
because they would duplicate information for readers, being redundant during this section. Again,
I did not support the use of specific vales for the variables at this discussion section. However, the
authors preserve in the use of specific values for the main text and tables, showing them on both
occasions. Eliminating this information from the main text, the authors could improve the
understanding of the readers about the relevant points/ideas extracted from the data.

Lastly, I recommended authors to add some practical perspectives for this study. Nevertheless, I
did not find any suggestion of the authors at this point. The study has a great practical potential,
but the authors should posit some recommendations to orientate training sessions of the
coaches.

I hope that these new comments will serve them in their endeavour to improve the document.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes
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Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Visual perception and action in sport

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Charles Ballet

Reviewer: In a first round, I suggested authors the introduction of some changes in an
attempt to improve the quality of the document. After reading the second version of the
authors, I find that some concerns have been correctly addressed. Albeit, other issues
remain unclear and/or not addressed. For example:

- I argued that it was not suitable to include initial hypotheses with exploratory studies, low
number of participants and descriptive analyses but the authors still posit these first
assumptions for further comparisons between participants in the analysis section. In this
line, the authors maintain the presence of hypotheses at the last paragraph of the
introduction section. What reasons do the authors handle to maintain these initial
assumptions?

Authors: The initial hypotheses have been removed.
Reviewer: - My two main initial concerns seem not to be fully responded:

Reviewer: 1 - Why did the authors decide to collect and analyse the five seconds before
receiving the ball from a teammate on 11v11 games and not 10 seconds as Jordet et al.
previously made? I did not find any reason throughout the document justifying this
decision. I suggest that the authors could reinforce the idea of analysing the last five
seconds of the play sequences because they may be interested in addressing the location of
the last fixations performed by the participants just finishing the play sequence.

Authors: This was answered in the comments section, It has been now added to the article.

Reviewer: 2 - Why did the authors not include other motor variables for a better
understanding of the perception-action loops experienced by the participants during the
experimental task? I did not find any reason throughout the document justifying this
decision. The lack of this type of behavioural variables should be stated at least as one
limitation of the study or as an improvement for future recommendation section.

Authors: This has been now included in the limitations of the study.

Reviewer: - During the writing of the results, I would recommend authors to concrete what
football player achieved the highest or lowest values for fixation durations, number of
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fixations and time to first fixation at the different AOIs. I also suggested this possible
paragraph to enhance the writing of the results: “The RW participant displayed longer
fixations on B, ONB and U, compared to the CM and LB participants. The CM participant
showed fixations of longer duration on SONB, STB and TB, compared to RW and LB ones.
The LB participant made longer fixations only on the TNB, compared to RW and CM ones.
For the time to first fixation, the LB participant showed the highest values for the most AQOIs,
compared to RW and CM ones (e.g., SONB, STNB, STB, TB, U). The RW participant displayed
the highest values for B and TNB, compared to CM and LB. Contrary, the CM participant
achieved the highest values only for the ONB, compared to RW and LB ones. Finally, to
highlight that the CM participant was the footballer who more increased the values for pupil
diameter variables from “baseline” to “during play”, compared to the RW and LB
participants”. I claimed that this information would help to understand that each participant
explored differently the playing field, and what AOIs where more or less relevant for the
participants regarding their role in the team. Why did the authors not use this text?

Authors: Done.

Reviewer: - I also encouraged authors not to specify the values found in the tables during
the wording because they would duplicate information for readers, being redundant during
this section. Again, I did not support the use of specific vales for the variables at this
discussion section. However, the authors preserve in the use of specific values for the main
text and tables, showing them on both occasions. Eliminating this information from the
main text, the authors could improve the understanding of the readers about the relevant
points/ideas extracted from the data.

Lastly, I recommended authors to add some practical perspectives for this study.
Nevertheless, I did not find any suggestion of the authors at this point. The study has a
great practical potential, but the authors should posit some recommendations to orientate
training sessions of the coaches.

Authors: Done.

Reviewer: I hope that these new comments will serve them in their endeavour to improve
the document.

Authors: We highly value the reviewer's feedback and constructive criticism, both of which
have significantly contributed to enhancing the overall quality of the article.

Competing Interests: N/A

Reviewer Report 17 July 2023

https://doi.org/10.5256/f1000research.147268.r178912
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© 2023 Luis-del Campo V. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Vicente Luis-del Campo

Faculty of Sport Sciences, University of Extremadura, Caceres, Spain

*Comments to the Authors:

The submitted manuscript entitled “What is the visual behaviour and attentional effort of football
players in different positions during a real 11v11 game?” describes an interesting study about the
visual and attentional demands that young athletes in football have when played some specific
game sequences in the playing field.

Firstly, I appreciate your submission on various accounts. To exemplify, it is an innovative study
because there are few studies in the literature about visual perception in sport collecting visual
fixations of athletes with portable eye trackers in the playing field. Therefore, this study allowed to
evaluate the visual behaviours and attention of football players with an in situ approach during
real 11 vs 11 sequences of the play. As a result, the ecological validity of this study was guaranteed
because authors used representative tasks for the study of visual behaviours in a naturalistic
environment. Additionally, I argue that the rationale of the study is well-focused towards the
relevance of the perceptual-cognitive skills and visual attention on the athletes” performance (e.qg,
anticipation and decision-making). I also agree with the decision of authors of starting the
exploration of footballers” visual and attention activity with a pilot study because this type of
studies would: i) provide an initial tendency of the data, ii) enhance a better replication of the
same study in further attempts (e.g., improving reliability of research tools and/or designs, etc.),
and iii) achieve a higher external validity of the data if a large sample of participants may be
recruited.

Nevertheless, I have two main concerns that require contemplation and appropriate attention in
revising the document if it is to contribute appropriately to the extant literature. These two
concerns are related to the selected time to analyse fixations and the lack of integration between
visual fixations and other behavioural measures of movement:

1. Why did the authors decide to collect and analyze the five seconds before receiving the ball
from a teammate on 11v11 games? What is the rationale for this decision? The authors
claim that Jordet et al. used a temporal window of 10 seconds for the team possessing the
ball, then, why did the authors consider that five seconds would be enough to scan correctly
and sufficiently the visual activity of the football players?

2. The existing studies about visual perception in sport have usually used not only visual
variables but also other motor outcomes due to the strong relation between perception-
action loops. However, there is an absence of measures related to the motor behaviour of
athletes in this study. Why did the authors not include this type of behavioural variables
when players performed their specific actions on-field? (e.g., decision-making, number of
correct passes performed, etc.). The combined analysis of visual information and movement
would offer a better understanding of the underlying cognitive processes supporting
performance of the players for this tactical sport.
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These reservations should be clarified and justified throughout the manuscript before a decision
can be made on publication.

Introduction

In my opinion, the background of the paper offers a general viewing of the state-of-the art about
visual perception and attention in sport. However, it would be interesting to add more existing
studies in football that used variables related to visual performance to address sport performance
in controlled laboratory settings. This point would strengthen the need of accumulating more
evidence using on-field studies with representative procedures and designs to test visual and
motor behaviours of footballers.

After reading this section, it seems clear that there is a lack of studies assessing visual behaviours
in the playing field. For an exception, the authors highlight the observational study conducted by
Aksum et al. (2021) with midfield footballers while playing a real 11v11 match. This is a similar
study compared to Ballet and colleagues, but these last authors have now included the gaze
behaviours of footballers with different roles and visual attention. I would also encourage authors
to introduce another recent published paper driven by Luis-del Campo and colleagues (2023)’
because they used ocular metrics and saccadic features as biomarkers of the mental load suffered
by football players when performed a training session with manipulation of the available time to
complete the goals of the tasks. This study would provide authors some interesting results to
compare with your data, for instance, of pupil size.

Luis-Del Campo, V., Morenas Martin, J., Leén Llamas, J. L., Ortega Moran, J. F., Diaz-Garcia, J., &
Garcia-Calvo, T. (2023). Influence of the time-task constraint on ocular metrics of semi-elite soccer
players. Science & medicine in football, 1-8. Advance online publication.
https://doi.org/10.1080/24733938.2023.2172203

Additionally, the authors should include other studies that used ocular metrics in footballers. For
example, lower pupil diameter was associated with higher values of tactical knowledge (Cardoso
et al. 2019)? and better tactical behaviour efficiency (Cardoso et al. 2021 ).

I am not sure if it would be appropriate for a pilot study to drive hypotheses with specific
predictions about the impact of role position on visual behaviours when the authors show no
previous studies for a different visual exploration of the playing field regarding the specific role in
the team. Thus, the number of total fixations collected (n=166) seems scarce to conclude these
initial assumptions. Indeed, the authors state at the statistical analysis that only descriptive
statistics were used. What is the authors” opinion about this issue?

Method

It would be fine to add more specific information about the visual and motor experiences of
footballers (e.g., the average of hours training by week, or the average of hours watching football
matches on TV or in the field).
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Again, I find lost a scientific approach to decide that the five seconds before receiving the ball
from their teammate were sufficient to fully understand the visual behaviours of the three
footballers during 11 vs 11 sequences of play. What do the authors mean when refer to
“...interpret another understanding of visual strategies used during a short period of time"?
Please, clarify this point.

Again, the authors did not include any variable related to decisional and/or motor behaviours. The
authors should clarify those reasons that prevented them the use of these variables while
participants wearing the eye tracking glasses during five minutes of the 11v11 pre-competitive
football game. In my opinion, this should be stated as another limitation of the study.

I guess that the number of calibration points was 1 when the authors stated “...participants to
focus on the center of the calibration card held in front of them for five seconds”, didn't they? If
true, they should specify this technical detail.

The specifications showed by the authors were robust for the identification of fixations and search
rate. For the search order of fixations, I would recommend authors to use the Graphos software
for a better understanding of this type of analysis of fixations. This software would also help
readers to better interpret the relevance of certain AOIs and the order in which the footballers
moved their gaze from one AOI to another one.

The pupil size has showed sensitiveness to different light conditions (Wyatt 1995)* but also to
cognitive states of participants (Beatty, 1982; Mahanama et al., 2022; Mathét et al., 2015)°°.
Taking into consideration that the pupil dilation showed responsiveness to different external
and/or internal variables, I wonder if the three participants had the same conditions to measure
the attentional effort, at the baseline and at a “post-stimulus”, because their visual fixations were
collected at different moments of the 20-min 11v11 pre-competitive football game. I would like to
know the opinion of the authors about this issue, and I ask them if they consider that the
impossibility of measuring simultaneously would be a limitation of the study.

Statistical analysis and results

During the writing of the results, I would add the information about what participant achieved the
highest or lowest values for fixation durations, number of fixations and time to first fixation at the
different AOlIs.

To exemplify, for the fixation durations, the RW participant displayed longer fixations on B, ONB
and U, compared to the CM and LB participants. The CM participant showed fixations of longer
duration on SONB, STB and TB, compared to RW and LB ones. The LB participant made longer
fixations only on the TNB, compared to RW and CM ones. For the time to first fixation, the LB
participant showed the highest values for the most AOIs, compared to RW and CM ones (e.qg.,
SONB, STNB, STB, TB, U). The RW participant displayed the highest values for B and TNB,
compared to CM and LB. Contrary, the CM participant achieved the highest values only for the
ONB, compared to RW and LB ones. Finally, to highlight that the CM participant was the footballer
who more increased the values for pupil diameter variables from “baseline” to “duringplay”,
compared to the RW and LB participants.
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This information would help to understand that each participant explored differently the playing
field, and what AOIs where more or less relevant for the participants regarding their role in the
team. Contrary, I would not specify the values found in the tables during the wording because the
authors may duplicate information for readers or be redundant during the presentation of their
results.

Discussion

The authors have provided different explanations for their results found, also comparing them to
other previous specific studies. I congratulate them because they found well-focused accounts in
this attempt.

Again, the authors should use the results of Luis-del Campo et al. (2023)' to compare them with
those found for their attentional effort variable. This comparison would enrich the discussion
section and may show how the pupil diameter shows a similar or different responsiveness
regarding the skill level of footballers.

I would recommend authors more specification when talked about the practical perspective. In
this vein, it would be fine that the authors could show some examples of modifications during 11
vs 11 play games to improve visual behaviours of footballers regarding their player role.
*Specific comments to the Authors:

Introduction

The authors refer to decision-making as an “ability”. Are they suggesting that decision-making
could not be learned (i.e., natural or innate), or aimed at achieving a goal, as opposed to a “skill"?

I would recommend authors to delete the last “,” at the next phrase: “....body, and positioning, vary
continuously”.

I would recommend authors to change “when talking about” by “for” at the next phrase:
“Therefore, visual perception is crucial when talking about spatial awareness”.

I would recommend authors to add “up” after the verb “picked”, at the next phrase: “...is mainly
picked and processed".

I would recommend authors that in this phrase “....can vary depending on the skill level of an
athlete”, they would add this: “.....can vary depending on the skill level of an athlete and task
constraints existing in the sport environments”.

I would recommend authors to change “fixate on” by “fixate at”. For example: “Furthermore,
midfield players fixate more on the player in possession of the ball during a defensive phase of

play than during an attacking phase”. Please, change throughout the document if necessary again.

Discussion
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I would not introduce the specific vales for the variables at this discussion section.
I hope that these comments will serve you well in your efforts to improve your manuscript.
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expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Charles Ballet

Reviewer: The submitted manuscript entitled “What is the visual behaviour and attentional
effort of football players in different positions during a real 11v11 game?” describes an
interesting study about the visual and attentional demands that young athletes in football
have when played some specific game sequences in the playing field.

Firstly, I appreciate your submission on various accounts. To exemplify, it is an innovative
study because there are few studies in the literature about visual perception in sport
collecting visual fixations of athletes with portable eye trackers in the playing field.
Therefore, this study allowed to evaluate the visual behaviours and attention of football
players with an in-situ approach during real 11 vs 11 sequences of the play. As a result, the
ecological validity of this study was guaranteed because authors used representative tasks
for the study of visual behaviours in a naturalistic environment. Additionally, I argue that
the rationale of the study is well-focused towards the relevance of the perceptual-cognitive
skills and visual attention on the athletes” performance (e.g, anticipation and decision-
making). I also agree with the decision of authors of starting the exploration of footballers’
visual and attention activity with a pilot study because this type of studies would: i) provide
an initial tendency of the data, ii) enhance a better replication of the same study in further
attempts (e.g., improving reliability of research tools and/or designs, etc.), and iii) achieve a
higher external validity of the data if a large sample of participants may be recruited.

Authors: We appreciate your general comments.

Reviewer: Why did the authors decide to collect and analyze the five seconds before
receiving the ball from a teammate on 11v11 games? What is the rationale for this decision?
The authors claim that Jordet et al. used a temporal window of 10 seconds for the team
possessing the ball, then, why did the authors consider that five seconds would be enough
to scan correctly and sufficiently the visual activity of the football players?

Authors: Thank you for your query regarding our decision to collect and analyse data for a
5-second duration before players receive the ball from a teammate in 11v11 games. We
understand that the present study is dissimilar to others, especially considering Jordet et
al.'s used of a 10-second temporal window for teams possessing the ball in their study. It's
also worth pointing out that while they focused on scanning frequency (head movement
counts) to explore perceptual outcome measures over a 10-second window, our emphasis
was on gaze behaviour (eye movements) which are measured in milliseconds.

While a 10-second window could potentially offer more comprehensive data, we carefully
considered the balance between data richness and practical application. Longer timeframes
could lead to more information, but they might also overwhelm coaching staff with a
surplus of data to interpret and apply effectively. Moreover, to mimic the actual game, we
intended to reduce the available time of the players actions. As this was a pilot study, our
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goal was to lay the groundwork for future investigations, and we believe that the insights
gained from a 5-second window still provide valuable preliminary findings. In future studies,
we can explore longer temporal windows to delve deeper into players' visual behaviours
and decision-making processes. It could be interesting to investigate whether analysing
visual activity within 5 or 10 seconds would be more useful for coaches and stakeholders.
Understanding the optimal duration for capturing essential moments during anticipation
and decision-making could have practical implications for player development and coaching
strategies in tactical sports like football. We will keep this in mind as we continue to expand
our research in this area.

Reviewer: Why did the authors not include this type of behavioural variables when players
performed their specific actions on-field? (e.g., decision-making, number of correct passes
performed, etc.). The combined analysis of visual information and movement would offer a
better understanding of the underlying cognitive processes supporting performance of the
players for this tactical sport.

Authors: We acknowledge the importance of incorporating movement-related measures to
gain a deeper understanding of the cognitive processes underlying player performance in
football, especially considering the potential differences in visual behaviour and attentional
effort based on the various football players' roles and positions. As we move forward with
our research, we will certainly include motor behaviour measures in subsequent
experiments, allowing us to provide a more comprehensive analysis of the interplay
between visual perception and on-field actions. This integration could potentially reveal how
visual information processing influences players' actions on the field.

Introduction

Reviewer: I would also encourage authors to introduce another recent published paper
driven by Luis-del Campo and colleagues (2023)" because they used ocular metrics and
saccadic features as biomarkers of the mental load suffered by football players when
performed a training session with manipulation of the available time to complete the goals
of the tasks. This study would provide authors some interesting results to compare with
your data, for instance, of pupil size.

Authors: Added.

Reviewer: Additionally, the authors should include other studies that used ocular metrics in
footballers. For example, lower pupil diameter was associated with higher values of tactical
knowledge (Cardoso et al. 201 9)2 and better tactical behaviour efficiency (Cardoso et al.
2021)°.

Authors: We have aware of both researches, however the instrument and the software
used are quite different from our study. We believe that we need to collect and discuss the
data using similar procedures and instruments, since it is our intention to establish a
research guide in this scientific domain (improving the reliability of the data).
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Reviewer: I am not sure if it would be appropriate for a pilot study to drive hypotheses with
specific predictions about the impact of role position on visual behaviours when the authors
show no previous studies for a different visual exploration of the playing field regarding the
specific role in the team. Thus, the number of total fixations collected (n=166) seems scarce
to conclude these initial assumptions. Indeed, the authors state at the statistical analysis
that only descriptive statistics were used. What is the authors” opinion about this issue?

Authors: We appreciate your expert opinion, and our future research will confirm or not the
differences between specific position (and roles) of football players (different competitive
levels).

Method

Reviewer: It would be fine to add more specific information about the visual and motor
experiences of footballers (e.g., the average of hours training by week, or the average of
hours watching football matches on TV or in the field).

Authors: Added.

Reviewer: Again, I find lost a scientific approach to decide that the five seconds before
receiving the ball from their teammate were sufficient to fully understand the visual
behaviours of the three footballers during 11 vs 11 sequences of play. What do the authors
mean when refer to “...interpret another understanding of visual strategies used during a
short period of time"? Please, clarify this point.

Authors: It is about the representativeness of the actual game. Since the players had less
and less time to see and to act, our intention was to provide other visual possibilities.

Reviewer: Again, the authors did not include any variable related to decisional and/or
motor behaviours. The authors should clarify those reasons that prevented them the use of
these variables while participants wearing the eye tracking glasses during five minutes of
the 11v11 pre-competitive football game. In my opinion, this should be stated as another
limitation of the study.

Authors: Added.

Reviewer: I guess that the number of calibration points was 1 when the authors stated
“...participants to focus on the center of the calibration card held in front of them for five
seconds”, didn't they? If true, they should specify this technical detail.

Authors: We included more information, namely: “To ensure high gaze data quality,
calibration procedures were carried out by asking the participants to focus on the center-

point of the calibration card held in front of them for five seconds.”

Reviewer: The pupil size has showed sensitiveness to different light conditions (Wyatt 1995)
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4 but also to cognitive states of participants (Beatty, 1982; Mahanama et al., 2022; Mathét et
al., 2015)>:%.7, Taking into consideration that the pupil dilation showed responsiveness to
different external and/or internal variables, I wonder if the three participants had the same
conditions to measure the attentional effort, at the baseline and at a “post-stimulus”,
because their visual fixations were collected at different moments of the 20-min 11v11 pre-
competitive football game. I would like to know the opinion of the authors about this issue,
and I ask them if they consider that the impossibility of measuring simultaneously would be
a limitation of the study.

Authors: We appreciate your suggestion, however we used the Tobi out-field lenses.
Statistical analysis and results

Reviewer: During the writing of the results, I would add the information about what
participant achieved the highest or lowest values for fixation durations, number of fixations
and time to first fixation at the different AOlIs.

To exemplify, for the fixation durations, the RW participant displayed longer fixations on B,
ONB and U, compared to the CM and LB participants. The CM participant showed fixations
of longer duration on SONB, STB and TB, compared to RW and LB ones. The LB participant
made longer fixations only on the TNB, compared to RW and CM ones. For the time to first
fixation, the LB participant showed the highest values for the most AOIs, compared to RW
and CM ones (e.g., SONB, STNB, STB, TB, U). The RW participant displayed the highest values
for B and TNB, compared to CM and LB. Contrary, the CM participant achieved the highest
values only for the ONB, compared to RW and LB ones. Finally, to highlight that the CM
participant was the footballer who more increased the values for pupil diameter variables
from “baseline” to “during play”, compared to the RW and LB participants.

This information would help to understand that each participant explored differently the
playing field, and what AOIs where more or less relevant for the participants regarding their
role in the team. Contrary, I would not specify the values found in the tables during the
wording because the authors may duplicate information for readers or be redundant
during the presentation of their results.

Authors: In future research we want to increase the sample size and use comparative
methods.

Discussion

Reviewer: The authors have provided different explanations for their results found, also
comparing them to other previous specific studies. I congratulate them because they found
well-focused accounts in this attempt.

Again, the authors should use the results of Luis-del Campo et al. (2023)' to compare them
with those found for their attentional effort variable. This comparison would enrich the
discussion section and may show how the pupil diameter shows a similar or different
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responsiveness regarding the skill level of footballers.

Authors: Added.

“Interestingly, a recent study which looked at evaluating mental load (attentional effort) in
training sessions, showed that the pupil diameter of soccer players changes depending on
the time spent training . Although this study had different objectives and methodologies, it

presented that exploring attentional effort via pupil diameter could be a tool to monitor
cognitive load during training sessions and possibly reduce the risk of mental fatigue.”

*Specific comments to the Authors:
Introduction

Reviewer: I would recommend authors to delete the last “,” at the next phrase: “....body,
and positioning, vary continuously”.

Authors: Done.

Reviewer: I would recommend authors to change “when talking about” by “for” at the next
phrase: “Therefore, visual perception is crucial when talking about spatial awareness”.

Authors: Done.

Reviewer: I would recommend authors to add “up” after the verb “picked”, at the next
phrase: “...is mainly picked and processed"”.

Authors: Done.

Reviewer: I would recommend authors that in this phrase “....can vary depending on the
skill level of an athlete”, they would add this: “.....can vary depending on the skill level of an
athlete and task constraints existing in the sport environments”.

Authors: Done.

Reviewer: I would recommend authors to change “fixate on” by “fixate at”. For example:
“Furthermore, midfield players fixate more on the player in possession of the ball during a
defensive phase of play than during an attacking phase”. Please, change throughout the

document if necessary again.

Authors: Done.

Authors: We deeply appreciate your valuable feedback on our manuscript, and we will
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certainly take your suggestions on board with our future experiments.
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