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Improving women’s team
performance on corners through
video training and ball trajectory
anticipation

Clement Libreau1,2* and Nicolas Benguigui1,2

1Université de Caen Normandie, Caen, France, 2UMR6072 Groupe de Recherche en Informatique,

Image, Automatique et Instrumentation de Caen (GREYC), Caen, France

The aim of this study was to assess the e�ectiveness of a video-based perceptual

training programme designed to enhance anticipation skills in professional

female football players. The video reference task was used to test participants

in pre- and post-tests, where they predicted the ball’s arrival location during

corners. Participants were evenly divided into an experimental group, which

received training in the task between the pre- and post-tests using a progressive

temporal occlusion method, and a control group, which received no training.

The rate of correct responses, response time, and confidence scores were

analyzed in the reference task, aswell as performance on corners in realmatches,

to assess the expected transfer of learning to the field. The results revealed that

the experimental group, which underwent training, significantly improved their

precision in predicting the ball’s landing zone after the intervention, with their

accuracy score increasing from 54% to 68% (p < 0.05, η² = 0.60). Additionally,

their response time decreased from 3.2 to 2.4 s (p < 0.05, η² = 0.48), and their

confidence score improved from 3 to 3.8 (p < 0.05, η² = 0.76). This e�ect

slightly diminished after a 6-month retention interval but remained significantly

higher than at the pre-test. Furthermore, we observed that the performance

of professional football players during corners in actual matches improved,

suggesting a positive e�ect of the video-based perceptual-cognitive training.
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Introduction

Football is characterized by the complexity of its individual and collective interactions.

At the individual level, player performance is defined by a multitude of factors, including

anthropometric, biomechanical, physiological, psychological, and cognitive aspects. While

numerous studies have focused on improving the first set of factors (e.g., Carling et al.,

2009; Dellal et al., 2008, 2011; Nédélec et al., 2012), relatively fewer have concentrated on

cognitive factors, which encompass perceptual, decision-making, and movement control

skills. Applications in this field remain scarce.

A logical starting point for researching the most effective ways to develop cognitive

skills is to understand the mechanisms underlying expert advantage. Thanks to research

conducted over the past three decades, there is now a substantial database on the perceptual

mechanisms that contribute to expertise in sports such as football (Starkes and Allard,

1993). Perceptual-cognitive processes of anticipation and decision-making are key skills

linked to performance (Baker et al., 2003). Anticipation is the ability to predict the

Frontiers in Psychology 01 frontiersin.org

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2025.1547493
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2025.1547493&domain=pdf&date_stamp=2025-02-28
mailto:clementlibreau@orange.fr
https://doi.org/10.3389/fpsyg.2025.1547493
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1547493/full
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Libreau and Benguigui 10.3389/fpsyg.2025.1547493

opponent’s action or the ball’s movement to gain time in initiating

a response (Williams and Ward, 2003). Decision-making is the

process of choosing a course of action in a dynamic, uncertain,

and complex situation (Causer and Ford, 2014; Silva et al.,

2020; Hopwood et al., 2011). These skills are crucial for football

performance (Mann et al., 2010; Araújo et al., 2006). During a

football match, anticipation and decision-making involve players

perceiving and interpreting information related to the ball’s

position, their teammates, and the opposing players (Travassos

et al., 2012; Williams and Ericsson, 2005). Overall, studies on this

subject have shown that expert footballers better anticipate their

opponents’ actions, characterized by more efficient visual search

strategies with fewer fixations on more relevant areas, and faster

and more accurate responses when faced with occluded video

sequences requiring the prediction of the opponent’s actions (e.g.,

Singer et al., 1994; Abernethy et al., 1999). Savelsbergh et al. (2002)

conducted a study in which expert and novice goalkeepers had to

indicate the arrival zone of penalty kicks presented on a screen by

moving a joystick. Expert goalkeepers were generally more accurate

in predicting the direction of the penalty kick, waited longer before

initiating a response, and made fewer corrective movements with

the joystick. They employed a more efficient visual search strategy,

characterized by fewer but longer fixations on the most relevant

areas, such as the support leg, hips, and ball.

Regarding the ball’s trajectory, it is necessary to gather

information about it to coordinate one’s actions with the ball’s

arrival and to perform the most appropriate action. However, it

does not seem necessary for this information gathering to occur

throughout the entire trajectory (Kay, 1957; Whiting and Sharp,

1974; Baurés et al., 2007; Craig et al., 2006). This means that

information obtained from an early part of the trajectory can be

used to anticipate the ball’s path and predict, at least approximately,

the location and time of arrival in the interception zone. This is

demonstrated in experiments on arrival judgment, where one must

predict the moment or location of an object’s arrival at a target after

it has been occluded (e.g., Benguigui and Bennett, 2010; Makin,

2018; Benguigui et al., 2003).

So far, athlete training aimed at developing anticipation and

decision-making skills has been limited to experimental research

settings, with very little implementation in field practice. The

methods used generally rely on video technology, which has

advanced considerably in recent years (e.g., Nelson et al., 2014;

Larkin et al., 2016; Hadlow et al., 2018). Players typically respond

by verbalizing or writing the most appropriate answer, pressing a

button, or moving a joystick (Keller et al., 2018; Van Maarseveen

et al., 2018). In summary, these approaches include viewing video

sequences of matches or training sessions (Ward and Williams,

2003; Farahani et al., 2020), temporal occlusion (Smeeton et al.,

2005; Brenton et al., 2016), providing feedback to participants on

the accuracy of their test results (Gorman and Farrow, 2009; Moen

et al., 2018; Nelson et al., 2014), and directing attention through

video information (Hagemann et al., 2006).

It should be noted that there are two different modes of

instruction during perceptual video training, as is the case with

training and learning methods in general. The need to identify

the best methods for transmitting knowledge has become a

central debate in the literature on these topics. Historically,

coaches and teachers have extensively used explicit instructions

to guide athletes and learners in adapting and progressing. This

often meant engaging in learning that relied on highly directive

instructions. However, the normative nature of explicit learning

has been criticized as unsuitable for developing the flexible and

adaptive knowledge systems needed to cope with the uncertainties

of the context, particularly in sports (Jackson and Farrow,

2005). Some researchers have proposed that individuals can learn

implicitly, without relying on directive instructions about what to

consider during learning (e.g., Perruchet and Nicolas, 1998). To

promote implicit learning during video-based training sessions, the

outcomes of the actions are not shown. The benefits of implicit

methods during video-based training for improving anticipation

and decision-making have been confirmed in various sports,

including football (e.g., Farrow and Abernethy, 2002; Poulter et al.,

2005; Roméas et al., 2016). Poulter et al. (2005) examined the

effectiveness of explicit and implicit learning paradigms during the

early stages of learning the perceptual-motor task of predicting ball

direction from temporarily occluded sequences of football penalty

kicks. A significant improvement in predicting the ball’s horizontal

direction (left or right) was observed in the implicit learning group.

This group also demonstrated changes in eye movement behavior

and an increased awareness of relevant postural cues.

In practical terms, perceptual-cognitive video training relies

on the attentional mechanisms that athletes use to focus

on early perceptual information sources and on learning the

relationship between these characteristics and the relevance of the

resulting responses (Faubert and Sidebottom, 2012). A perceptual-

cognitive video training programme was developed to improve

the perceptual and cognitive performance of Australian football

referees in decision-making (Larkin and O’Connor, 2017). After

the pre-test, participants were divided into an intervention group

and a control group before starting the video training programme,

which lasted 12 weeks with one session per week. The videos varied

based on the manipulation of the occlusion point. The aim of this

manipulation was to gradually increase the difficulty and variety of

training sessions to maintain participant engagement. The video

training sessions lasted about 20min and contained between 60

and 225 video clips. The results showed that the decision-making

performance of the referees in the intervention group significantly

improved. This confirms the value of such video-based perceptual-

cognitive training programmes for optimizing decision-making.

However, even though it seems highly likely, these results do

not necessarily mean that referees will improve their on-field

performance. Therefore, the transferability of performance to the

field is a key consideration.

Only a few studies have shown perceptual-cognitive training to

be beneficial for field performance. Roméas et al. (2016) assessed

the transferability of perceptual-cognitive training using a 3D-

Multiple-Object-Tracking (MOT) task from a laboratory setting

to a football field. During pre- and post-training sessions, they

examined three essential skills: passing, dribbling, and shooting,

by recording decision-making accuracy. The experimental group

underwent 10 sessions of 3D-MOT training, which involved a

multi-object tracking task in three dimensions, while the control

group received 3D football video training, and a second control

group received no specific training. They demonstrated that

decision-making accuracy for passing on the field—but not for

dribbling and shooting—was higher for the group trained with
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3D-MOT compared to the control groups, between the pre-

and post-training sessions. This result was correlated with the

subjective decision-making accuracy of the players, which was

evaluated before and after the sessions using a visual analog

scale questionnaire. Additionally, Pagé et al. (2019) analyzed

the transferability of performance in decision-making among

basketball players. The trained group participated in four training

sessions during which they observed basketball video clips

presented on a computer screen, while the untrained group

received no video training or any other instruction in this area.

Decision-making was assessed on the field both before and after

the training sessions. In the post-test, the trained group performed

significantly better than the control group in terms of speed and

decision-making. The results of this study indicate that video-based

training can lead to transferable gains in decision-making (see also

Gabbett et al., 2008; Rosalie and Müller, 2012; Lorains et al., 2013;

Brenton et al., 2019).

Hadlow et al. (2018) hypothesized that the transfer gains

potentially obtained from perceptual-cognitive video training could

be strongly related to the degree of similarity between the training

modality and the real situation. To increase the degree of similarity

between the training modality and the real situation, some studies

have used video clips that show the participants’ point of view (e.g.,

Ryu et al., 2013; Nimmerichter et al., 2015; Fortes et al., 2021).

These videos were filmed from a “first person” perspective, offering

a dynamic “self-perception” of the game scene. This approach,

when feasible, enhances the fidelity between the video scenes and

on-field situations, potentially making them more transferable to

performance (Roca and Williams, 2016; Williams, 2002).

Set pieces in football, such as corners, free kicks, penalties, and

throw-ins, play a critical role, accounting for 30%−40% of goals

scored during a season (Maneiro et al., 2019; Strafford et al., 2019).

Among these, corners stand out due to their standardization: the

ball is always placed at a fixed position relative to the goal, with a

mandatory minimum distance imposed on opposing players. This

configuration, combined with their average frequency of 10 per

match, makes corners a particularly suitable subject for scientific

analysis (Maneiro et al., 2019; Strafford et al., 2019). Studies on

performance during corners indicate that they are more decisive

in women’s football than in men’s. For instance, 4.3% of corners

result in a goal in women’s football, compared to only 2.6% inmen’s

football (De Baranda and Lopez-Riquelme, 2012; Beare and Stone,

2019).

Furthermore, it has been established that specific areas within

the penalty box offer higher chances of shooting on goal or scoring.

In men’s football, these areas include the penalty spot and the

far-post zone (e.g., De Baranda and Lopez-Riquelme, 2012; Casal

et al., 2015). Conversely, in women’s football, the most effective

areas are the penalty spot and the near-post zone (Beare and

Stone, 2019; Libreau and Benguigui, 2024; Lee and Mills, 2021).

These studies highlight the tactical and technical variables that

increase the likelihood of success during corners in football. To

our knowledge, only one study has attempted to improve a football

team’s performance during corners by applying the findings of

analyses focused on these phases of play. Libreau and Benguigui

(2024) developed a field training protocol based on these results.

Their findings demonstrated a significant improvement in the

team’s performance, both in training sessions and in matches.

The team trained with this protocol more frequently reached the

optimal ball reception zones, attempted shots on goal more often,

and scored more goals as a result of the targeted training.

Despite the growing number of studies on video-based

perceptual-cognitive training in football, several issues remain,

particularly regarding the evaluation of the transfer of performance

from controlled laboratory conditions to dynamic field

environments. Zhu et al. (2024) emphasize that training programs

aimed at improving perceptual-cognitive skills should closely

resemble real-world scenarios to promote transfer. However, the

majority of studies rely on static or semi-static video presentations,

which fail to capture the temporal, spatial, and social complexity

of actual matches (Rosalie and Müller, 2012; Lorains et al., 2013).

Furthermore, evaluating long-term effects presents a significant

challenge. While short-term improvements in anticipation and

decision-making are well-documented (Hadlow et al., 2018; Pagé

et al., 2019), few studies have explored whether these benefits are

maintained months after the intervention. Addressing these issues

is crucial for developing more effective and impactful training

programs that bridge the gap between laboratory research and

on-field performance.

In this context, the objective of the present study was to

implement a video training protocol for professional female

footballers to improve their performance on corner kicks. This

protocol was based on tasks involving the prediction of ball

trajectories from “first-person” video footage. We hypothesized

that players participating in the perceptual-cognitive video training

programme would significantly and durably improve their ability

to predict the arrival point of the ball’s trajectory and respond

more quickly, while also demonstrating greater confidence in their

responses. Regarding field application, we hypothesized that this

video training protocol would improve the team’s performance on

corner kicks during matches by increasing their presence in the

ball’s arrival zone, thereby boosting the percentage of shots on goal

and goals scored.

Method

Participants

Eighteen professional football players from Montpellier

Hérault Sport Club, competing in France’s first division for

women, voluntarily participated in this study. The participants

were divided into two groups (control and experimental). They

ranged in age from 19 to 32 years (M = 24.3 years; SD = 3.6). The

players involved in offensive corner kicks during the season were

assigned to the experimental group, which underwent a pre-test,

two post-tests, and predictive training between the pre-test and

the first post-test. Those not involved in these corner kicks were

placed in the control group, which only took the pre-test and the

two post-tests. There was no other specific training on corner

kicks for this team during the season. This study, part of a training

programme approved by the coaching staff, was also approved by

the local ethics committee of the researchers’ affiliated university.

A consent form was approved and signed by the participants,

and the principles of the Declaration of Helsinki were adhered to

throughout the study.
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Experimental protocol

The experimental protocol began with a pre-test requiring

participants to predict the landing zone of a corner kick after the

final part of its trajectory was occluded (see below for a detailed

description). This was followed by 12 weeks of video training

designed to enhance participants’ ability to predict trajectories

(see below for more details). This training was exclusive to the

experimental group and used the same task as the pre-test. Three

days after the final training session, a post-test was conducted,

followed by a retention test 6 months later for all participants,

under the same conditions as the pre-test. All experimental sessions

took place during the season. The perceptual-cognitive training was

therefore conducted in addition to the 5–6 weekly practice sessions.

The control group did not receive any additional practice.

Pre-test and post-test phases

The task involved predicting the ball’s landing zone among

nine possible options after the final part of its trajectory was

occluded, by pressing a key on a keyboard (Figure 1). Participants

were instructed to respond as accurately and quickly as possible.

They were also asked to verbally provide a confidence rating for

their response on a scale from 1 to 5. No feedback was given on

their responses.

The videos presented were of corner kicks taken by a team

member and filmed from the perspective of a receiving player

positioned at the entrance and in line with the axis of the penalty

area, which is the recommended starting point for arriving in one of

the reception zones (Libreau and Benguigui, 2024). The trajectory

of the ball could be occluded at 1,200, 800, or 400ms after the kick

to control the amount of information available in each trial. It was

not possible to standardize the occlusion time, as the distance of

the ball’s flight varied from trial to trial depending on the target

area. The corners could be taken from either the right or left side of

the field, exclusively by right-footed players. A total of 72 different

corners were shown to each player: 24 for each presentation time

after the kicker’s contact with the ball (1,200, 800, and 400ms), with

8 for each zone. In each occlusion condition, 12 corners were taken

from the right side of the field and 12 from the left. For a condition

defined by zone, side, and occlusion time, there were one to two

trials. Between each corner, a black screen with a 3-s countdown

appeared before the kicker’s run-up for the next corner.

Before the pre-test, each participant had a familiarization

period of 10 trials to become acquainted with the instructions,

equipment, and corner videos (different from those presented

during the tests). The sessions took place in a room where the

videos were projected onto a wall (3.45 × 2.10 m2) using an

Epson EB E20 projector. The players stood 3.30m from the wall

to have a viewing angle identical to what they would have on the

field. Similarly, the angular size of the kicker and the corner flag

matched what they would perceive in a real situation. The player

taking the corner kick was thus perceived as on the field, with

a 37.5 degree angle. The players had a standing desk in front of

them equipped with a Bluetooth wireless numeric keypad featuring

nine keys (Satechi brand) and a diagram of the ball landing zones

(Figures 1, 2). They were instructed to press the key corresponding

to the zone where they believed the ball would land. Key number 1

corresponded to zone 1, key number 2 corresponded to zone 2, and

so on.

The videos were displayed, and the responses were recorded

using SportsCode R© software. The analysis of participants’

responses determined whether they accurately identified the ball’s

landing zone, as well as their response times and confidence scores

(rated on a scale of 1–5). The response time was calculated from

the moment the ball was occluded (T = 0).

Training phase

The nine players in the experimental group participated in 12

weeks of video training, with one session each week. This amount

of practice is consistent with previous studies using video training

protocols, which typically include between 5 and 12 sessions (e.g.,

Fadde, 2006; Mascarenhas et al., 2005; Memmert et al., 2009;

Murgia et al., 2014; Schweizer et al., 2011; Farrow and Abernethy,

2002; Gabbett et al., 2008, 2007; Gorman and Farrow, 2009).

The proposed video training protocol was progressive,

adjusting the level of difficulty based on the correct response rate

achieved in each session. Each training session included 36 trials

with corner kick videos filmed under the same conditions as those

used in the tests. The video clips used during the training were

different from those used during the pre- and post-tests. The

database of video clips for this training included a total of 72

different clips, and 36 clips were randomly selected for each training

session. Using this procedure, each video clip was presented 6 times

over the course of the 12 training sessions, but at different times.

In the first training session, the ball presentation time was

1,400ms after the corner kick for all videos. If a participant achieved

a correct response rate of over 70% regarding the ball’s landing

zone, she advanced to the next level for the following training

session. Each level corresponded to a reduction of 100ms in ball

presentation time.

During the training sessions, participants received feedback on

the correct ball landing zone after each response, as is commonly

done in video training studies (Abernethy et al., 2012; Catteeuw

et al., 2010; Fadde, 2006; Farrow and Abernethy, 2002; Gabbett

et al., 2008). No instructions were given to the participants to

ensure that they followed an implicit learning protocol (Masters

and Maxwell, 2004). Each training session lasted about 15 min.

Transferability of on-field performance

The video training protocol was conducted during the second

half of the 2022/2023 season of the first division of the French

women’s football championship, from 15 January 2023 to 21 May

2023. To determine whether this video training impacted players’

performance in reading the ball’s trajectory on offensive corners, we

compared the results of corners from the first half of the season (11

September 2022, to 18 December 2022, without video training) to

those from the second half (with video training). For this purpose,

we created a performance evaluation scale for corners, ranging

from 1 to 6, based on the outcome of the corner. A score of 1

corresponded to the absence of offensive players where the ball
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FIGURE 1

Delivery areas for corners from the left when facing the goal. Each square has sides measuring 5.50m. For corners arriving from the right, zones Z1,

Z4, and Z7 are on the right (at the first post), while zones Z3, Z6, and Z9 are on the left (at the second post). Zones Z2, Z5, and Z8 remain unchanged.

For a ball arriving from the right, the zones are reversed, with zone Z1 on the right (at the first post).

FIGURE 2

Representation of experimental conditions for tests and training protocol.

landed. A score of 2 corresponded to a player being at the ball’s

landing spot but not touching it because she lost her aerial duel. A

score of 3 corresponded to an attacking player gaining possession

of the ball but without it heading toward the goal (a pass to a

teammate). A score of 4 corresponded to shots directed toward the

goal but off-target. A score of 5 corresponded to on-target shots,

and a score of 6 corresponded to a goal (Libreau and Benguigui,

2024).

Data analysis

Data were exported from SportsCode, and descriptive analysis

was performed in Microsoft Excel (Version 16.16.27, Microsoft

Corporation, United States) to calculate relative frequencies for

each variable. The data were further analyzed in SPSS (Version

24.00 SPSS Inc., USA).

Regarding the video training, a Student’s t-test was used to

compare the correct response rates of the two groups for the

pre-test, and the results did not reveal any significant effects,

indicating that the groups were comparable at the beginning of

the experiment. A two-way mixed ANOVAwith repeated measures

(Groups (Training vs. Control) × Presentation Time (400 vs. 800

vs. 1,200) × Tests (Pre-test vs. Post-test vs. Retention Post-test)

was used to analyse the accuracy of ball trajectory predictions,

response times, and confidence scores across the different tests.

Post-hocNewman-Keuls tests were conducted on significant effects

to determine which specific pairs of means differed significantly

from each other. The effect size was indicated by eta-squared (η²).

Based on Cohen’s (1992) criteria, the following classifications were
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FIGURE 3

Percentage of correct responses for both groups across tests error bars represent the standard error. The post-hoc test indicates a significant

improvement in the correct response rate only for the trained group between the pre-test and both post-tests, with no significant di�erence

between the two post-tests.

TABLE 1 Results of the significant statistical analyses by group.

Groups Pre-
test

Post-
test

Retention
post-test

Accuracy in

predicting the ball’s

landing zone (%)

Training 54 68 62

Control 51 51 50

Response time (s) Training 3.2 2.4 2.9

Control 3.3 3.0 3.2

Confidence scores

(arbitrary units)

Training 3.0 3.8 3.5

Control 3.0 3.0 2.8

adopted: η²< 0.03= small; 0.03≤ η²< 0.10=moderate; 0.10≤ η²

< 0.20 = large; and η² ≥ 0.20 = very large effect. The percentages

of correct responses were transformed into Fisher’s Z-scores for the

Student’s t-tests and ANOVAs. Fisher’s z-score is used to extend

values close to 100% beyond a fixed boundary and obtain a more

normalized distribution.

Regarding the transferability of perceptual-cognitive training

to on-field performance in offensive corners, we compared the

outcomes of these corners between the two phases of the

championship. A Student’s t-test was used to compare the scores

between the two halves of the season, while a Chi-squared test was

employed for the percentages in each category. The chi-squared test

is a statistical test used to assess whether the observed distribution

of a categorical variable differ significantly from what would be

expected under the null hypothesis. To assess the reliability and

variability of the measurements, we calculated the coefficient of

variation [CV= (SD/mean)× 100]. The data were processed using

Statistica software, and the alpha level was set at 0.05.

Intra- and inter-observer tests were conducted to assess the

reliability of the data collection methods. Intra-observer analysis

was conducted by re-evaluating 10% of the corners on two separate

occasions, 3 weeks apart, by the principal researcher, a professional

football data analyst. Inter-observer analysis followed a similar

procedure, involving a second observer who was also a professional

football data analyst. The intra- and inter-observer reliability of the

data was quantified by calculating Cohen’s Kappa (Cohen, 1960).

The reliability of each variable is presented with an average kappa

statistic of k = 0.92 for intra-observer agreement and k = 0.86 for

inter-observer agreement, corresponding to “excellent” reliability,

respectively (Fleiss et al., 2003).

Results

Video training

Accuracy of predicting the ball’s landing zone
based on group, test, and presentation time

The analysis of variance revealed significant main effects for

Group (F(2.24)= 30.57, p< 0.05, η²= 0.73), Test (F(2.24)= 16.85,

p < 0.05, η² = 0.6), and Presentation Time (F(2.22) = 514.72, p <

0.05, η² = 0.97). Additionally, there were significant interactions

between Test × Group (F(2.22) = 16.56, p < 0.05, η² = 0.60;

Figure 3 and Table 1) and Test × Presentation Time (F(4.44) =

4.43, p < 0.05, η²= 0.28; Table 2).

The Newmann-Keuls post-hoc test for the Test × Group

interaction indicated a significant improvement in the accuracy rate

only for the trained group between the pre-test and both post-tests,

with no significant difference between the two post-tests (Figure 3

and Table 1).

The Newmann-Keuls post-hoc test for the Test x Presentation

Time interaction showed a significant improvement in accuracy

between the pre-test and the post-test, but not between the post-

test and the retention test for the 1,200ms condition; a significant

improvement between the pre-test and both post-tests for the

800ms condition; and no difference for the 400ms condition

(Table 2).
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TABLE 2 Results of the significant statistical analyses by ball trajectory

presentation time.

Presentation
time

Pre-
test

Post-
test

Retention
post-test

Accuracy in

predicting the

ball’s landing

zone (%)

1,200ms 77 81 78

800ms 54 63 61

400ms 26 35 28

Response time (s) 1,200ms 2.8 2.4 2.7

800ms 3.0 2.6 3.0

400ms 3.9 3.2 3.4

Confidence scores

(arbitrary units)

1,200ms 3.8 4.1 3.9

800ms 2.9 3.4 3.1

400ms 2.2 2.7 2.4

Response time as a function of group, test
condition, and presentation time

The analysis of variance reveals amain effect for Group (F(1.11)

= 38.95, p < 0.05, η² = 0.78), Test (F(2.22) = 10.15, p < 0.05,

η² = 0.48), and Presentation Time (F(2.22) = 76.01, p < 0.05, η²

= 0.87). Additionally, interactions were found between Test and

Group (F(2.22) = 10.15, p < 0.05, η² = 0.48; see Figure 4 and

Table 1) and between Test and Presentation Time (F(4.44) = 3.85,

p < 0.05, η²= 0.26; Table 2).

The post-hoc Newman-Keuls test for the Test × Group

interaction shows a significant reduction in response time from the

pre-test to both post-tests, but only for the training group (Table 1).

The post-hoc Newman-Keuls test for the Test × Presentation

Time interaction reveals a significant decrease in response time

from the pre-test to the post-test across all three presentation

conditions, as well as a significant decrease from the pre-test to the

retention post-test for the 400ms presentation condition. However,

no significant reduction in response time was observed between

the pre-test and the retention post-test for the 800 and 1,200ms

presentation conditions (Table 2).

Confidence scores by group, test, and
presentation time

The analysis of variance reveals a main effect for the factors Test

(F(2.22) = 33.98; p < 0.05; η² = 0.76), Group (F(1.11) = 38.78; p

< 0.05; η² = 0.78), and Presentation Time (F(2.22) = 185.59; p <

0.05; η² = 0.94), as well as an interaction between Test and Group

(F(2.22) = 33.98; p < 0.05; η² = 0.76; Figure 5 and Table 1) and an

interaction between Test and Presentation Time (F(4.44) = 2.57; p

< 0.05; η²= 0.19; Table 2).

The post-hoc Newman-Keuls test for the Test × Group

interaction shows a significant improvement in confidence scores

from the pre-test to both post-tests for the training group, but not

for the control group (Table 1).

The post-hoc Newman-Keuls test for the Test × Presentation

Time interaction indicates a significant improvement in confidence

scores based on presentation time at the post-test, but not at the

retention post-test (Table 2).

Increase in di�culty levels with practice in
decreasing presentation time

Figure 6 illustrates the progression of difficulty levels

throughout the training for all players. Similar trends are observed

across the board, with some differentiation toward the end of the

training, where Players 1 and 8 managed to advance their progress

further than the other players.

Transferability of performance to the field

We also compared the average scores of corner effectiveness

between the first and second halves of the season using a Student’s t-

test. The results indicate a significant improvement in performance

between these two phases of the championship (t(1.28) = 14; p <

0.05, η² = 0.48). The average score during the first half was 2.14,

compared to 3.00 in the second half.

The results further showed a statistically significant association

between the average corner effectiveness scores and the phase of

the championship (χ²= 10.6; p < 0.05, V = 0.245). Corners with a

score of 1, meaning no offensive players are near the ball’s landing

spot, decreased from 32% to 6%. Corners with a score of 2, where

an offensive player is present but does not make contact with the

ball, decreased from 43% to 35%. Corners where the player makes

contact with the ball, but it does not head toward the goal (score

of 3), increased from 11% to 31%. Corners with a score of 4, where

players take a shot off-target, increased from 7% to 12% between the

first and second halves. Corners with a score of 5, where players take

an on-target shot, increased from 7% to 14%, and corners with a

score of 6, which result in goals, increased from 0% to 2% (Figure 7).

Discussion

In this study, we tested the effectiveness of video training

designed to improve the ability to predict ball trajectories and

enhance performance during offensive corners in women’s football.

This research was conducted with professional female football

players, an area that remains relatively underexplored (Beare and

Stone, 2019; Lee and Mills, 2021; Libreau and Benguigui, 2024).

Corners in football are complex situations where players need

to use the most relevant sources of information to act effectively

(Harenberg et al., 2021). As a result, players’ perceptual-cognitive

skills are highly sought after. It has been suggested that perceptual

video training can help improve these skills (e.g., Larkin et al.,

2016). In this type of training, participants view interrupted video

sequences and must predict the evolution of the situation (e.g.,

Williams and Grant, 1999; Nimmerichter et al., 2015).

In our study, the test involved a judgment task based on first-

person view corner kick videos that were interrupted before the ball

reached the target area. The aim was to assess prediction abilities
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FIGURE 4

Response time (s) for the two groups by test. Error bars represent the standard error. The post-hoc test indicates a significant reduction in response

time from the pre-test to both post-tests, but only for the training group.

FIGURE 5

Confidence Scores (arbitrary units) for the two groups by test. Error bars represent the standard error. The post-hoc test indicates a significant

improvement in confidence scores from the pre-test to both post-tests for the training group, but not for the control group.

in terms of accuracy and decision-making speed. Participants were

also asked to rate their confidence in their responses as a measure

of their engagement in potential future match situations. Between

the pre-test and post-test, we implemented a 12-week implicit video

training protocol. During each training session, participants had

to predict the ball’s landing area. The protocol included increasing

difficulty as players succeeded in the test, achieved by reducing the

ball trajectory presentation time.

Our main hypothesis was that this training period would

improve prediction abilities for ball trajectories in the video test as

well as on the field, leading to better performance on corners in

championship matches. The results initially showed high success

scores, which were dependent on the presentation time of the

trajectory, highlighting the task’s relevance and its consistency

with previous results showing trajectory prediction abilities (e.g.,

Benguigui and Bennett, 2010; Makin, 2018; Whiting and Sharp,

1974; Sanderson and Whiting, 1974; Sharp and Whiting, 1974;

Whiting et al., 1970).

Results showed an improvement in the percentage of correct

responses, response time, and confidence scores in the post-

tests exclusively for the trained group. It appears possible to

improve prediction accuracy with a video protocol for high-level

female football players facing corner trajectories. This finding is

consistent with previous studies demonstrating the benefits of

video training for perceptual-cognitive mechanisms (Poulter et al.,

2005; Gabbett et al., 2008; Núñez et al., 2010; Shafizadeh and

Platt, 2012; Ryu et al., 2013; Murgia et al., 2014; Nimmerichter

et al., 2015; Fortes et al., 2021). The reduction in response time is
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FIGURE 6

Increase in di�culty levels with practice: evolution of presentation time during training sessions for each player as the presentation time decreases.

FIGURE 7

Corner outcome scores between the first and second halves of the season: A score of 1 indicates the absence of o�ensive players at the ball’s

landing spot. A score of 2 indicates an o�ensive player at the landing spot who did not touch the ball due to losing the aerial duel. A score of 3

indicates the ball was recovered by an attacker but did not head toward the goal. A score of 4 indicates missed shots. A score of 5 indicates on-target

shots, and a score of 6 indicates a goal.

particularly notable for a sport like football, which requires quick

decision-making. This finding confirms previous research on the

topic (Núñez et al., 2009; Nimmerichter et al., 2015). The increase

in confidence scores may indicate a potential improvement in

decision-making processes.

While the observed performance improvements are promising,

it is important to acknowledge the possibility that these gains

might be transient. Retention tests are therefore essential to assess

whether the benefits of perceptual video training persist over time

or diminish after the training period ends. Previous studies have

indicated that perceptual video training often leads to short-term

skill improvements, which may not necessarily translate into long-

term retention (e.g., Núñez et al., 2010; Ryu et al., 2013; Vänttinen

et al., 2010). These findings suggest that without reinforcement or

carefully designed protocols, the skills developed during training

may fade, limiting their practical value in competitive scenarios. A

key strength of our study lies in the inclusion of a retention post-

test conducted 6 months after the initial post-test. Remarkably, the

experimental group maintained significantly higher rates of correct

responses, faster response times, and improved confidence scores
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compared to their baseline and the control group. This sustained

improvement suggests a lasting enhancement of anticipation

and trajectory prediction abilities, which are critical for high-

performance gameplay. The long-term retention observed in

our study may be attributed to the specific design of our

training protocol. Gradual increases in difficulty, achieved by

systematically reducing the ball trajectory presentation time as

participants succeeded, likely played a pivotal role in consolidating

the learned skills. This aligns with findings by Abernethy

et al. (2012) and Savelsbergh et al. (2010), who emphasize the

importance of progressively increasing task complexity to promote

deeper cognitive engagement and skill automation. By challenging

participants with increasingly demanding tasks, our protocol may

have facilitated not only the acquisition but also the stabilization of

perceptual-cognitive mechanisms.

Another significant innovation of our study is the

transferability of the results to match performance over a

professional season. Improving ball trajectory prediction abilities

in a video protocol does not guarantee that players can apply

this skill on the field. To address this, we measured the transfer

of training to field performance (Lorains et al., 2013; Larkin

et al., 2016; Del Campo et al., 2015). Our study compared

corner performance in championship matches before and after

implementing video training to identify any potential beneficial

effects. Results showed an improvement in average performance

scores, particularly in ball receptions and offensive efficiency,

as demonstrated in the study by Libreau and Benguigui (2024).

Although causality cannot be established due to the multiple

factors influencing performance improvement, it is reasonable

to assume that our training protocol enhanced anticipation and

decision-making abilities for trained players during corners, which

partly explains the improved field performance (Nimmerichter

et al., 2015; Roméas et al., 2016; Vaeyens et al., 2007). This is

supported by the lack of other specific work on this phase of

play during the same period. The long duration of the protocol,

with increasing difficulty in the video training and the projection

of video sequences close to real situations, may explain this

improvement in field performance. Another important aspect

of our protocol is the use of first-person view videos, which add

realism and proximity to real situations (e.g., Poulter et al., 2005;

Núñez et al., 2009). It can be assumed that more realistic clips offer

significant potential for performance improvement in the field

(Roca and Williams, 2016).

After comparing our results with existing literature and

highlighting the benefits of perceptual video training, it is

important to consider the limitations of this study. First, the

participants’ response time was over 2 s, which is relatively lengthy

compared to the constraints of real game situations, where

decisions must be made much faster. This highlights the somewhat

artificial nature of the task and the lack of temporal pressure in

the video training task. Second, although we aimed to replicate

the fidelity of video simulations to real life, some differences

remained inevitable, particularly regarding the absence of player

movement and scene updates in the training task. The increasing

use of virtual reality could address this limitation and enhance task

representativeness (Craig, 2013; Fortes et al., 2021).

Secondly, another limitation lies in the composition of the

groups: the 9 players in the experimental group were those who

regularly participated in offensive corners during official matches,

while the 9 players in the control group participated less frequently.

This setup could introduce a bias, as the experimental group had

greater experience with offensive corners. However, no significant

difference was observed between the two groups in the pre-test,

which indicates that greater involvement in corners did not provide

an initial advantage in predicting the trajectories proposed in our

experimental task. On the other hand, we cannot rule out the

possibility that this greater involvement in corners led to faster

learning during training. The question of the ability to improve

performance as a function of the level of expertise is one that could

be explored in future experiments.

Lastly, it is not clear whether the improvement in real situations

can be directly attributed to video training, and we cannot precisely

identify which capabilities players have improved in order to

better predict trajectories on the field, in terms of information

gathering or visual strategies. This area remains to be explored in

order to better understand the mechanisms involved and how to

improve training.

In conclusion, our study innovatively demonstrates that video

training can enhance the anticipation and decision-making abilities

of professional football players during corners, particularly in

predicting the ball’s arrival zone, with a tangible impact on match

performance. These findings represent a significant advancement

in the field of perceptual training for ball trajectory analysis

and suggest that this approach could complement the physical,

technical, and tactical training traditionally implemented by

coaches. Given that corners occur ∼10 times per match and

often play a decisive role (e.g., Strafford et al., 2019), such

training programs hold considerable potential for improving team

performance. Furthermore, this method could be adapted to other

phases of play, such as indirect free kicks or other set-piece

situations in team sports.
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