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The penalty kick is a crucial action in a football match that may determine the
final outcome. It features a direct interaction between the shooter and
goalkeeper where both search for relevant information as a means to achieve
their respective performance goals. A case study, composed of an on-field
intervention, was designed to analyze the influence of providing in advance
penalty kicking tendencies of the shooters on a youth goalkeeping movement
onset and saving performance. Data collection took place over 8 training
sessions where a U10 young low-skilled, male goalkeeper and shooters were
subjected to a penalty-kick shootout task. In each session, the goalkeeper
faced a set of 10 penalty kicks recorded by a high-speed HD camera which
allowed to calculate the moment that the shooter hit the ball and the
goalkeeper movement onset in the direction of ball trajectory. Results showed
that the goalkeeper delayed response initiation in the retention phase, when
compared to the baseline and training phases, by moving closer to the foot-
to-ball contact time by the penalty shooter. From this study, it can be
highlighted that goalkeeping saving actions were adapted to the provision of a
priori information about shooter kicking tendencies, to sustain a higher
performance of the young goalkeeper during the penalty duelling.
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Introduction

Within a football game, penalty shootouts may be highly impactful on the final

score. For example, in knock-out games in the UEFA Champions League or FIFA

World Championship, penalty shout-outs are decisive in 25% of major tournament

matches (1). This importance is strongly connected with the fact that the shooter

faces an advantageous scenario with respect to the goalkeeper, as three in every four

penalties result in a goal (1, 2), and this advantage is even more evident when the

penalty is taken by high-skilled players (3). In this context, there is a growing

interest in identifying potential explanatory variables of this football-specific action,
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both from the perspective of the shooter and goalkeeper (4, 5).

To exemplify, some studies dedicated to penalty shooters’

performance have been focused on variables such as: (i) the

location of their gaze or strategy to adopt during the penalty

kick (6, 7), (ii) the approach to the penalty kick with a keeper-

independent or keeper-dependent strategy (8), (iii) the use of

deceptive movements (9, 10), (iv) the influence of footedness

(11), or (v) the ball hitting speed towards the goal (12). From

the perspective of the goalkeeper, the interplay between

technique and speed to anticipate ball trajectory (13), the

visual behaviour displayed around the temporal moment of the

penalty kick (14), reaction times and the likelihood of saving a

penalty (15) have also been reported by the existing literature

as influential factors.

A penalty kick defense is characterised as an interceptive

action that demands the goalkeeper to be in the right place at

the right time. The goalkeeper tends to get a lower performance

than the shooter in this football-specific action since the

available time for the goalkeeper to intercept the ball, after foot-

to-ball contact by the shooter, is less than needed (16). For

example, Dicks et al. (6) suggested that football goalkeepers

began their movement to a side of the goal between 50 ms and

350 ms before the shooter hits the ball. In this vein, Morya et al.

(17) observed that the shooter’s performance improved when the

goalkeeper started an interception attempt approximately 400 ms

before the shooter hit the ball. Contrary, when the goalkeepers

delayed the beginning of the saving movements (i.e., 150 ms

before the contact with the ball), their performance decreased.

In this line, the goalkeepers should avoid the use of the ball-

flight to decide where to dive, even though this specifying

information may determine the final direction of the ball to the

goal (18), as it could constraint their temporal accuracy (i.e., too

late to intercept the ball; see (16)). At the same time, football

goalkeepers appear to benefit from picking up late information

related with ball trajectory to regulate vertical components of the

defending action (18). However, there is a need to verify if this

perceptual strategy delay is extensible to different age groups

and competitive levels.

Most studies investigating goalkeepers’ performance in penalty

kick tasks have been carried out in controlled laboratory

environments [e.g., (6, 19–21)]. Although this procedure has

made it possible to understand how goalkeepers can adapt to

time constraints (e.g., which minimal information affords the

goalkeeper to accurately predict the final direction of the ball),

these experimental designs have been criticised for decoupling

perception and action processes (16). In fact, Dicks et al. (6)

found that gaze and movement behaviours of goalkeepers were

affected by the level of experimental task constraints (e.g., the

goalkeepers fixated earlier and displayed a longer duration at ball

location during the in situ interception condition compared to

the other conditions, and also made more saves than the video

simulated conditions). Accordingly, the possibility to expand

experimental evidence related to penalty kicks within

representative experimental tasks may further elucidate how

individuals can search and be guided by relevant information

under severe spatio-temporal constraints (22).
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Anticipating the outcome of an opponent’s action is a

relevant skill to achieve fast and accurate responses, helping

athletes to sustain high performance levels [for a review; see

(23)]. According to Dicks et al. (6), kinematic information has

been advocated by previous research as the main source of

information for action anticipation (i.e., that information

related to the opponent’s observable movement kinematics).

For example, Shafizadeh and Plat (24) found that novice

goalkeepers benefited from receiving cues about the position of

the non-kicking foot of the shooter in the anticipation of the

direction of penalty kicks, compared to the control group.

However, the opponents may disguise actions with the

endeavour of masking the true intentions of their movements.

In doing so, the athletes provide ambiguous kinematic

information to increase the opponent’s uncertainty about the

observed movement, therefore inducing more incorrect

responses. To avoid sustaining their anticipatory behaviour on

this less certain information, athletes can rely upon contextual

information (25). This source of information refers to

advanced visual cues, available at the beginning of the hitting

sequence or match scenarios, which are prior to the initiation

of the opponent’s movement [e.g., the location of teammates,

opponents and space, or the strengths and weakness of the

opponent; see (26)].

The use of this probabilistic situational information is

conceived as a perceptual-cognitive skill that would help athletes

generate prior expectations about the opponent’s hitting options

or actions in each sporting situation (27, 28). Thus, the use of

this non-kinematic information would provide an opportunity to

maintain sensitivity into action anticipating sport situations

featured by severe time constraints (e.g., a goalkeeper trying

to intercept a penalty kick). To exemplify, the strategical

information on a kicker’s prior kicking pattern (e.g., the

percentage of prior probabilities in which the ball was kicked to

a specific place at the goal in previous matches) is a relevant

source of information to enhance anticipation in penalty kicks

(29). Expert athletes, as a result of their extensive practice and

knowledge, seem to be able to perceive and make better use of

this contextual information (30), helping them to start their

movements earlier (31) or to be more accurate in their

responses (27, 28).

This probabilistic information is referred to, in the current

study, as the knowledge of an opponent´s action tendencies and

preferences, being classified as non-specific contextual

information given the fact that stands as a stable source of

information (32). Thus, this type of non-kinematic source of

information is interpreted using domain-specific knowledge,

enabling athletes to form a-priori expectations about the action

tendencies, before reliable kinematic information becomes

available (33). In this line, Luis-del Campo (34) carried out a

meta-analysis on the topic of probabilistic information in sport

concluding that the experts anticipated more frequently and with

higher accuracy than their low-skilled counterparts based on a

better use of this contextual information. Also, expert football

players showed better adaptation to changes in opponent action

preferences (pass or dribble), compared to their less-skilled
frontiersin.org
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counterparts, driven by gaze patterns more focused on some key

kinematic relevant areas, and not fixating at the player “off the

ball” as in the case of the low skill group (35).

Importantly, knowledge of opponents’ action preferences

would have a positive effect on anticipatory behaviours only if

this contextual information is congruent with the preferred

actions of these opponents/teammates. In contrast, detrimental

effects on athletes’ performance can be observed if non-

kinematic information is incongruent with these action

preferences (36). In this vein, Wang et al. (37) concluded that

prior cues affected differently the predictions of opponents’

action outcomes, made by goalkeepers of different skill levels,

through the observation of a video penalty kick anticipation task

(e.g., the expert group showed a better anticipatory judgement of

penalty kicks during incongruent trials compared to the group

of novice goalkeepers). Similarly, Murta et al. (21) found that

experienced and novice goalkeepers anticipated better the

direction of penalty kicks presented in video clips according to a

congruent condition (i.e., when prior information matched the

outcome of that specific penalty kick) compared to an

incongruent condition (i.e., the prior information provided did

not match the outcome of that particular penalty kick) or

against a condition of absence of information. The impact of

deceptive information provided by the penalty takers during

penalty situations may also imply a differentiated impact on

goalkeepers’ performances depending on the dimensionality

which the information was observed [e.g., the manipulation of

the spatial information would affect more in video-based studies,

and the temporal information would be more relevant in situ

tasks; see (38)].

Nowadays, there is a growing debate about the most suitable

talent development pathway in football, from grassroots to

professional levels, considering both biopsychosocial and socio-

political influences [e.g., what starting point would be the more

appropriate for an early engagement perspective: An “early

specialisation vs. diversification”; see (39)]. In this line,

Almonacid-Fierro et al. (40) conducted a systematic review of

the literature about football grassroot concluding that a

comprehensive approach based on a deep understanding of the

game, knowledge of the play, skills, strategies, decision-making,

and technical abilities may greatly contribute to the future

development of expert football players. More specifically,

Duncan et al. (41) have found that the main factor predicting

the football technical skills in grassroots youth football players

were the fundamental movement skills by using a machine

learning approach.

One of the most prominent frameworks on long-term athletic

development was proposed by Lloyd and Oliver in 2012 (42). This

model praised the importance of working physical capacities and

training structures within sensitive periods. For example, the

training process of a 10 year-old male football player should

include agility, speed, and sport-specific skill development with a

low/moderate level of training structure. This phase is also

featured by an emphasis on fundamental movement skills and

introduction to power and strength. Thus, football practice is

strongly associated to motor and cognitive development in
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children. For example, a group of children with a chronological

age of ∼9–10 years, participating in a football exercise program,

improved running, coordination, leg strength, and also

performed shorter visual discrimination times, compared with

their sedentary peers (43). Similarly, those 7- and 8-year-old

boys that attended a football school program, integrated in the

physical education curriculum, improved their aerobic endurance,

flexibility and speed (44). Further, an analysis of practice

activities and instructional behaviours of football coaches

disclosed a tendency to use analytical training tasks activities

with younger age groups and more playing-based tasks with

older age groups (45).

The provision of augmented information by the sport coaches

(e.g., feedback, instructions) has been a relevant topic in the design

of learning environments (8). From an ecological rationale, verbal

instructions would be considered as an instructional constraint on

motor learning (46). This constraint would help learners to educate

their attention to relevant information sources of the sport

environment (47). For example, Ward and Williams (28) found

that the skilled football players of different U18 categories

selected the best option to perform in different video-projected

play sequences, compared to their less-successful counterparts,

based on a better use of situational probabilities. Additionally,

worth of note is the fact that the body of research related to the

penalty-kick task involving youth athletes is quite scarce. Mainly,

these studies have addressed kicking kinematics and performance

(48), psychological factors (49), among others.

To the best of our knowledge, the only study investigating

the effect of a-priori information about the opponents’ action

preferences, using representative scenarios, on goalkeepers’

anticipatory behaviours and performance in football

penalty kicks was developed by Navia et al. (29) and

involved experienced goalkeepers. They found a tendency to

dive significantly more times to the right side of the ball

trajectory when there was 80% chance of kicking the ball

to one side of the goal, resulting also in increased goalkeepeŕs
anticipation (i.e., the goalkeepers improved their motor

behaviour and performance in the penalty kick task when

there was a high tendency of the penalty taker to kick to one

side of the goal).

Currently, there is a lack of experimental data related with the

temporal effects of an intervention program, with particular

emphasis on youth goalkeepers. Indeed, no studies have

measured the impact of prior information provided by the coach

about opponents’ action tendencies on goalkeeper’s movement

onset and performance. As a result, contextual information

related to the action tendencies of opponents is likely to remain

a relevant research topic in future (50, 51). Based on these

research gaps, we conducted an on-field training intervention, to

ascertain potential motor behaviour and performance adaptations

of a U10 low-skilled goalkeeper during a representative penalty

task as a result of the knowledge of the penalty shooters’

tendencies. Specifically, this case-study aimed to address the

influence of the penalty shooters’ kicking tendencies on a youth

goalkeeper’s onset movement and performance when performed

saving penalties on the field of play.
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Methods

Participant

A youth male goalkeeper aged 10 years-old participated in this

case study (Height: 120 cm; Weight: 25 kg). This participant

initiated football practice at 6 years old and, by the time data

collection was made, he was enrolled in three training sessions per

week (1 h per session) plus one official match organised by the

Football Federation. Two training sessions were made with his

teammates and on the third day he performed a specific-goalkeeper

training session with goalkeepers from other U10 teams of the same

football club. This last session was conducted by a specific

goalkeeping coach. The shooters of the study (n = 10) were

players of the same team which assured an equivalent age-

group and experience level than the goalkeeper. They were

right-footed (n = 6) and left-footed (n = 4). The participants’

sport participation corresponds to Tier 2 (Trained/Developmental)

of the Participant Classification Framework proposed by McKay

et al. (52).

All participants had normal vision and no medical illnesses or

injuries. They were familiar with duelling performances in the

penalty box (i.e., the shooters shooting penalty kicks to the goal

and the goalkeeper trying to intercept them) during past training

and/or competitions. However, the goalkeeper was not subjected

to any perceptual skill and/or decision-making training to

improve saving performance during the penalty round. The study

was carried out according to the guidelines of the University’s

Ethics Committee and the Declaration of Helsinki. Specifically,

this study received approval from the Bioethics and Biosecurity

Committee on March 6, 2018 (n°33/2018). The parents of each

participant signed a written informed consent, containing the

goals and tasks to perform during the intervention but were

naïve about the hypothesis of the study.
Study design

We followed the recommendations for inclusion in N-of-1

studies given by Journal Article Reporting Standards (APA Style

JARS). This research approach based on a case-study

methodology provides a powerful tool to bridge the science-

practice gap (53). An intragroup design with one participant and

two types of sessions (A and B) was used. In the type A sessions,

the coach did not provide contextual information to the

goalkeeper about the direction in which the takers kicked the ball

to the goal (i.e., sessions without treatment). In contrast, in the

type B sessions, the coach provided verbal information to the

goalkeeper about the takers’ kicking tendencies (i.e., treatment

sessions). The order of these two types of sessions was

counterbalanced as follows: 1A-2A-3B-4B-5B-6B-7A-8A. We

designed these two types of training sessions, based on the

provision or absence of probabilistic information about penalty

kicking tendencies, in order to ascertain which led to better

motor behaviour and performance across three different

moments in time: baseline, practice and retention.
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The study design ensured ecological validity since the

participant was required to actively save the penalty kicks in the

playing field, as when performing in the game context. The

rationale for providing this non-kinematic source of information

in this football-specific action is the lack of visuomotor

experiences that these novice athletes are exposed to during early

phases of their careers. Therefore, this intervention aimed to

facilitate the use of a-priori expectations about the shooters’

action tendencies. In fact, literature praises that youth novice

goalkeepers may benefit from receiving augmented feedback from

the coach about shooters’ tendencies as an instructional

constraint to guide their defensive actions during the penalty

round and, by this means, led to a performance enhancement in

competitive environments (54).
Procedures

The intervention was composed of eight sessions and lasted for

one month, with two sessions per week. Each session included one

round of 10 penalty kicks. Therefore, the goalkeeper faced a total of

80 kicks along the intervention, respecting the laws of the game

(55). The duration of this intervention was according to the

maximum attendance and availability that the participant

guaranteed for the experiment and based on the previous

intervention developed by Dicks et al. (56) in novice goalkeepers

with four training sessions and 80 training trials. Specifically, this

penalty round was performed after completing the main part of

the training session, and prior to the final stretching activity,

according to the availability of the goalkeeper. The number of 10

penalties was agreed between the coach and research team, based

on his age and physical load performed during the training

session to prevent fatigue and/or injuries. In this penalty round

there were 10 teammates of the goalkeeper acting as shooters

(i.e., each player shot one penalty by session). They all verbally

received initial information from the coach about the direction

they had to shoot the penalty towards the goal in each training

session. Collectively, the coach and the shooters initially agreed

on the direction of their penalty kicks to the goal for each

training session, being this information unknown to the

goalkeeper. As only two kicks had to be directed to one side of

the goal, the second kick to that side should be performed

during the 9th (second last) or 10th (last) trial of the round (the

first one could randomly appear between the 1st and 8th kick

during the training sessions). This procedure prevented the

goalkeeper from using the familiar contextual information of the

preferred side of the shooters to kick the ball to the goal as a

mean to improve his saving performance.

Additionally, in the sessions where there was knowledge about

the probability of the kicking tendency (type B sessions), the coach

provided the following initial verbal information to the goalkeeper:

“Eight of the next 10 penalty kicks will be directed to one side of

the goal and two will be kicked to the other side of the

goal”. We used a high-level of likelihood (80%) to perform

the penalty kicks, as previously made by Navia et al. (29), due to

the low-skill level of the participant and his low number of
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visuomotor experiences performing penalty dueling situations.

There was a resting period of ∼45 s between each penalty kick to

avoid fatigue in the youth athlete and provide a correct initial

position to the next kick. The goalkeeper had to remember this

initial instructional constraint to use it in advance during the

penalty kicks to improve his task performance. On the other

hand, in the session in which there was no provision of

information (type A sessions), the goalkeeper had to decide what

would be the final direction of the ball direction, without prior

instruction from the coach because the shooters were free to kick

the ball to either side of the goal. Only in the case that the ball

missed the goal or was directed to the wrong side, the trial was

repeated at the end of the series. During the penalty round of

each training session, no communication was allowed between

goalkeeper and shooters, and between goalkeeper and the

coaches of the team.

The intervention had the following phases: Phase 1 or baseline

that included the two first sessions where the goalkeeper did not

receive any information about the kicking tendencies (Sessions

1A and 2A). At the third, fourth, fifth, and sixth sessions (Phase

2 or training phase), knowledge about the probability of

occurrence of the penalty kicks was provided to the goalkeeper

(Sessions 3B, 4B, 5B, 6B). For the last two sessions (Phase 3 or

retention phase), no information was provided (Sessions 7A and

8A). The total duration of the ten penalty kicks in each session

was approximately 10 min. All penalties were performed in the

team’s usual training field. Specifically, penalty kicks were

performed on a 7-a-side football field, composed of a playing
FIGURE 1

Example of frame in which the goalkeeper starts his stopping movement in r
software.
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surface of artificial turf, 65 m long × 45 m wide. The penalty area

was formed by two lines drawn at right angles to the goal line,

9 m from the inside of each goalpost. These lines extend 9 m

into the field of play and intersect a line parallel to the goal line.

The area bounded by these lines and the goal line is the penalty

area. A mark (penalty mark) is made in the penalty area 9 m

from the midpoint of the line between the goalposts and

equidistant between the goalposts. A semicircle with a radius of

6 m from the penalty mark is drawn outside each penalty area.
Instruments and variables

We used an iPhone11TM camera, with 4K resolution and

frequency of 60 Hz, to record the penalty kicks. This portable

device was placed at the back of the semicircle of the large goal

area, 3 m away from the players, and slightly towards the kicking

leg of the shooter. This spatial location of the mobile on the

football field provided a full recording of the penalty’s sequences

(i.e., a full view of the player’s kick and the goalkeeper’s response

to this kick). The Kinovea program (v.0.10.7) was also used to

analyse the onset of the goalkeeper’s movement, as well as his

performance in defending penalty kicks (see Figure 1).

The independent variable of the present study was the provision

of probabilistic information to the goalkeeper concerning the

kicking tendencies of the players at different phases of the

intervention (Level 1: Included the sessions 1A and 2A in which

the goalkeeper received no information about the kicking
elation to the moment in which the shooter hits the ball with the Kinovea
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TABLE 1 Descriptive statistics (mean and standard deviation) for the
movement onset (ONSET; in ms) and performance of the goalkeeper
(PFM; points achieved in a scale from 0 to 5) during each session of the
intervention performed in the playing field.

ONSET PFM

M (±SD) M (±SD)
Baseline Session1A −156 ms (118.99) 2.80 (1.75)

Session2A −135 ms (107) 2.40 (1.26)

Training Session3B −162 ms (112.42) 2.10 (1.19)

Session4B −162 ms (171.58) 2.30 (1.05)

Session5B −12 ms (139.42) 2.70 (1.41)

Session6B −66 ms (145.46) 3.50 (1.50)

Retention Session7A 9 ms (145.63) 3.60 (.84)

Session8A 9 ms (163.12) 3.30 (1.16)

Luis-del Campo et al. 10.3389/fspor.2024.1356340
tendencies at the initial baseline; Level 2: Included the sessions 3B,

4B, 5B, 6B in which the goalkeeper received information about the

probability associated to the kicking direction of the takers at the

training phase; Level 3: Included the sessions 7A and 8A in

which the goalkeeper received no information about the kicking

tendencies at the final retention phase).

The onset of the defending movement (ONSET) and the

goalkeeper’s performance were analysed as dependent variables.

Specifically, the ONSET refers to the difference of time (in ms)

between the moment that shooter contacts the ball with his foot

and the moment that goalkeeper makes the first movement with

his foot in the direction of the ball trajectory (57). It has to be

noted that the goalkeeper’s action may be reactive (i.e., the first

movement of the goalkeeper in response to the kick takes place

after the player contacted the ball towards the goal) or

anticipatory (i.e., the movement of the goalkeeper in the

direction of the ball trajectory occurs before the opponent kicks

the ball towards the goal). The performance of the goalkeeper

(PFM) in the penalty action was also analysed through a scale of

five levels that has been previously used to analyse the

goalkeeper’s performance in this specific-football action (6, 29).

The detailed scoring to evaluate saving performance of

goalkeeper was: 5 points were assigned when the penalty was

saved, 4 points when contacted the ball but failed to save, 3

points when dived to the correct side, 2 points when moved to

the correct side, but without diving, 1 point when not moving

from the centre of the goal, and 0 points when moved to the

incorrect side.
FIGURE 2

Motor behaviour and performance of the goalkeeper during the
penalty task.
Statistical analysis

Due to the low number of existing cases (80 penalty kicks),

non-parametric statistical analyses were performed to address

differences in the dependent variables of the study at the three

intervention phases. Firstly, we used descriptive statistics to show

mean values and standard deviations for the ONSET and PFM

variables. The Friedman test determined if there were differences

in the study variables when compared the baseline, intervention,

and retention phases. In case of significant differences, the

Wilcoxon test was performed to determine differences between

pairs of intervention phases. Statistical analysis was performed

with the statistical package 15.0 SPSS (Statistical Package for the

Social Sciences) (© 2017 SPSS Inc.). Alpha level of <.05 was

required for all analyses.
Results

The Table 1 shows the evolution of ONSET and PFM variables

during the eight sessions of the intervention. To highlight an

increase of goalkeeper’s performance throughout the four

training sessions (3B, 4B, 5B, 6B).

The mean values achieved by the participant for the ONSET

were −145.50 ms (83.08) at the baseline phase, −100.50 ms

(63.36) during the training phase, and 9 ms (70.78) at the
Frontiers in Sports and Active Living 06
retention phase. The goalkeeper showed reactive responses just

during the two sessions of the retention phase. For the PFM

variable, the mean values were 2.60 (1.10) at the baseline, 2.65

(.85) during the training, and 3.45 (.79) at the retention

(see Figure 2).
There were differences in the ONSET values when comparing

the three phases of intervention (X2 = 12.20; p < .01). Specifically,

these differences were found in the pairwise comparisons

between the retention and baseline phases (Z = 2.80; p < .01), and

retention vs. training phases (Z = 2.49; p < .05). No significant

differences were found for the PFM variables between the phases

of the intervention (X2 = 4.15; p = .12) although the goalkeeper

achieved the highest mean value of PFM at the retention phase.
Discussion

The aim of the present study was to determine the effects of

providing shooters’ penalty tendencies on the movement onset

and performance of a youth and novice goalkeeper during an

in situ penalty-kick task. The results showed that the

intervention based on the provision of augmented probabilistic

information about shooters’ penalty tendencies caused an

adaptation in motor behaviour and performance of the goalkeeper.
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Specifically, the goalkeeper temporally adapted his defensive

responses to initiate them closer to the moment of foot-to-ball

contact in the penalty kick for the last part of the intervention

program. This delay in the onset movement emerged from

Session4B to Session5B. Importantly, this evidence was followed

by an increase of performance saving penalty kicks from

Session6B to Session8B, with scores higher to 3 points out of 5,

although not significant (see Table 1).

We argue that the provision of augmented probabilistic

information may have generated an initial expectation about the

final direction of the ball towards the goal, helping the youth

goalkeeper to better regulate the onset of his interception

attempts. These results suggest that the pedagogical strategy used

by the coach of not explicitly giving detailed information to the

goalkeeper on how and when to move to intercept the ball may

have fostered a learning process focused on the available

informative variables, both previous and contiguous to the kick

(58). In this line, the strategy of providing the goalkeeper with

specific probability information of the final direction of ball

trajectory became a useful tool to improve task performance, by

better adapting his movement patterns to the evolving

constraints of the penalty dueling. In this case, the goalkeeper

may have better perceived the opportunities for action within the

learning environment, under a low level of coach interference

because these verbal instructions about shooters’ tendencies were

provided just prior to the beginning of the penalty round (and

not repeated after each penalty kick). This limited amount of

external information prevented interference in the intrinsic

feedback system of the goalkeeper during his self-organisation for

movement solutions (54).

Previous studies have concluded that coaches’ verbal

instructions enhance learning and performance (45), by

promoting movement adaptation to the fulfilment of the task

aims’ both in competition and training contexts (59, 60). In this

vein, explicit verbal feedback by the coach may provide useful

assistance to enhance athletes’ exploratory behaviours, involving

the use of advanced cues from the shooters’ movements (54).

Thus, verbal instructions provided by the coach may have

optimized functional couplings of perception and action of the

goalkeeper within the specific training environment (61), for

instance, helping to better calibrate when temporally should

initiate his movement onset according to his action capabilities.

Therefore, the provision of specific information based on the

probability of occurrence of some events compared to others

could help novice athletes to adapt their motor behaviours to the

informational demands of the task. In this vein, instructions and

external verbal feedback provided during the learning process of

the athletes could directly contribute to educate the visual

attention of the athletes in training towards the use of

more relevant information sources (47, 62, 63). As a result,

the goalkeeper significantly delayed movements onset and

increased performance scores at the retention phase, compared

to the baseline and training phases. Previously, Navia et al. (29)

concluded that experienced goalkeepers tended to initiate

earlier responses to one side of the goal when prior

information was available and that these priors may guide the
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allocation of visual attention to improve anticipatory

performance (50).

Surprisingly, the knowledge of priors about kicking tendencies

of the shooters did not lead to an anticipatory performance in the

goalkeeper’s behaviour. This result is not aligned with previous

studies that found earlier responses with high probability

conditions (29, 31). Contrary, this contextual information caused

a delayed onset of his defensive responses, closer to the temporal

moment in which the shooters kicked the ball to the goal, from

the middle (Session5) to the end of the training intervention

(Session8). This delay on the movement onset was also

accompanied by an increase of his saving performance, although

not significant. We argue that the goalkeeper learned to initiate

later responses during the training sessions by gathering more

reliable information about the final direction of the ball to the

goal. This additional information would be now associated with

the observation of some kinematic cues of the shooters’

movements. According to the temporal values found in Sessions

5B, 6B, 7A and 8A, the goalkeeper may have used the

orientation of the non-kicking leg to initiate his responses

because it appears ∼160 ms before ball contact. Zhen et al. (64)

found that the onset of the goalkeepers’ dives are coordinated

with this early kinematic cue because it informs ∼80% about

kick direction (65). Therefore, an adaptation in the motor

behaviour of goalkeepers with later movement onsets emerged

from the integration of the contextual and kinematic information

to increase performance scores after the training intervention.

We reasoned that this movement adaptation may have resulted

from coaches’ intervention as a learning strategy to pick-up late

and relevant information about shooter’s action when attempting

to shoot at the goal. In particular, contextual information related

to the preferred shooting side of the shooters, together with

kinematic information about kicking action of the shooters, may

have been used by the goalkeeper in the penalty-shooting task.

This provided the goalkeeper an opportunity to perceive more

reliable and prospective information related to the final direction

of the ball (18), such as the position of the hip (66) or the non-

kicking foot angle (65), but also to avoid the anticipation cost

derived from a flawed prediction response (67). Our findings

suggest that the youth goalkeeper may have adapted a perceptual

strategy characterised by an attunement to key information

variables associated with the kicking action as a result of the

manipulation of this informational constraint. However, previous

research has shown no differences in visual search behaviours

displayed by novice and expert goalkeepers when comparing

successful and unsuccessful anticipatory behaviours during

penalty kicks, although the experts employed a more efficient

visual search strategy characterized by fewer fixations of longer

durations than the novices (68). Later, Savelsbergh et al. (69)

reported that successful expert goalkeepers fixated longer at the

non-kicking leg when compared to their unsuccessful expert

counterparts. Navia et al. (29) concluded that the visual

behaviours of experienced goalkeepers were affected differently

if their actions relied more on situational or body information

of the penalty takers. The results found in these studies

about goalkeepers’gaze patterns in penalty tasks could be
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explained by a differentiated perceptual capability to perceive and

act on the task (70).

The integration of kinematic and contextual sources of

information seems to generate an accurate judgement with the

smallest possible response uncertainty (49). For example, Causer

et al. (66) found that the hip region was the most relevant cue

for a skilled group of goalkeepers (but not for the less-skilled

group) to make accurate predictions of penalty kick direction but

information from other sources would be needed to make

predictions of height. Recently, Huesmann et al. (71) used a

qualitative research method to address the anticipation skill and

cue utilization of expert handball goalkeepers and goalkeeper

coaches when facing backcourt throws. Results of the semi-

structured interviews revealed that participants used different

kinematic and contextual cues for action anticipation that were

available before the game, or before and during the throw. In

this vein, these authors encourage that future training programs

should integrate both kinematic and contextual cues to enhance

goalkeepers’ anticipatory skill.

Some recent neuroscience studies have shown that expert

goalkeepers increased their action anticipation performance

during a controlled laboratory cue-anticipation task, compared to

novice goalkeepers, driven by a proficient modulation of brain

activity that emerged from an early attention processing occurred

during the integration of prior cues and kinematic information

(37). Additionally, Ji et al. (72) have concluded that semi-elite

football goalkeepers exhibited a superior process of action

anticipation than non-athletes when the priors about the kicking

tendencies of the shooters were congruent with subsequent

kinematic information of these kicks. In fact, the skilled athletes

showed higher level of selective attention toward the

characteristics of forthcoming actions during the early phases of

kinematic information processing.

Finally, this on-field intervention on youth football enhanced

motor behaviour and saving performance of a young football

goalkeeper in a short time scale because the total duration of the

training lasted 1 month. We argue that the impact of this type of

perceptual training would have been higher than the current one

if it could be introduced along the sport season (e.g., during the

last training before each competition). In doing so, a more

prolonged intervention may have revealed a strong learning effect

of providing probabilistic information on the motor behaviour

and saving performance of the young football goalkeeper. We

consider that a longitudinal study would detect developments or

changes of the target participant because the variables are

measured repeatedly many times and correlated to an

individual’s current level of performance, but also with a

predicted level of performance in the future (73). Irrespective of

the time application, this instructional guidance of the coach to

the goalkeeper is a key area very pertinent to talent pathway

systems that it is related to the talent development because it

generates an environment to improve athletes’ potential (74).

Indeed, longitudinal research designs provides a predictive value

from youth to adult performance level because long interventions

in the time enhance the quality of the process of talent

development in football (75).
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Conclusion

The contextual information provided by the coach about

kicking tendencies during the penalty round influenced the

movement initiation of U10 novice goalkeeper participating in

this study, as well as his performance obtained in the task. In

particular, the participant significantly delayed the onset of his

defending movements during the retention phase, compared to

the baseline and training phases. Also, this movement

adaptation was followed by an increase in performance during

this last part of the intervention. Therefore, our findings suggest

a potential beneficial effect of providing probabilistic

information to a novice goalkeeper about kicking tendencies of

the opponents during a penalty kick shooting task. Altogether,

this case-study provides novel evidence of the effects of

knowing prior cues related to the shooter action outcomes on a

goalkeeping penalty kick task.
Practical applications

The present study may empower coaches to better prepare the

training process of youth goalkeepers when performing a penalty

kick shootout task by selectively providing useful anticipatory

information. From the perspective of the goalkeeper, it seems

that the knowledge of a strong kicking preference to one side of

the goal during the penalty kicks primed the goalkeeper to delay

their saving responses towards that particular direction. This

would be useful to achieve a high-performance score if the

shooters continue kicking in that direction, but it would be a

disadvantage if the shooter does not. Therefore, goalkeepers with

lack of specific visuomotor experiences in the penalty task and

low skill level would benefit if they observed strong regularities

of the penalty shooters’ movements that they are congruent with

their past behaviour.

From a practical perspective, the exposure to high-probability

conditions by the coaches may facilitate novice goalkeepers’

performance through a task simplification and guided

discovery within the initial skill stage of “Coordination

Training” (54). In this line, coaches could adopt a scouting

strategy for gathering kicking tendencies of the penalty

shooters from those teams which later compete. This regular

exposure to the penalty dueling during training sessions would

facilitate an easier facing of the goalkeeper to this specific

action during late competitions.
Limitations and strengths of the study

The results found in this study can only be applied for the

goalkeeper participating in the study. Therefore, it is not

possible to make general inferences to larger populations,

limiting the generalisability of the results. However, this on-field

perceptual training aims to stimulate new interventions

dedicated to the manipulation of kicking tendencies of shooters
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to better prepare the defensive actions of goalkeepers during

penalty duelings, irrespective of the age and skill level of

goalkeepers. The low number of practice trials used in the

current intervention (n = 80) may be insufficient for eliciting

meaningful improvements in goalkeeper’s performance. Public

health concerns associated with the Covid-19 pandemic limited

a more prolonged intervention with the participant, or the

recruitment of more goalkeepers from other clubs. Also, the

goalkeeper was relatively familiar with the shots performed by

their teammates along the training sessions and this fact could

have helped him to identify movement regularities. In future

studies, it would be interesting to control this familiarization

with the kicking actions performed by the shooters, recruiting

other participants from different teams that would ensure

unawareness about their kicking tendencies.

The lack of information about the visual search activity of

the goalkeeper during the penalty task prevented researchers

from having a more complete picture of the motor behaviour

and performance achieved by the youth goalkeeper. By

monitoring gaze patterns of the goalkeepers, more information

could be gained on which kinematic cues were being perceived

while performing this interceptive action. For example, Navia,

Ruiz et al. (14) found that saving actions are related to short

fixations at the area of in front of the ball; instead, a static

position during the penalty kick was related with longer

fixations towards the area between the ball and the non-

kicking leg.

However, we acknowledge that this training intervention was

mainly focused on testing the effects of providing information

about shooters’ tendencies (i.e., probabilistic information), and

not on the analysis of gaze patterns to extract relevant

movement cues from the kicks of the shooters (i.e., kinematic

information). We designed an experimental landscape to

facilitate a self-regulated exploration of the youth goalkeeper’s

action opportunities during the training sessions, by just

providing prior contextual information to guide his defensive

movements during the penalty task, with no temporal

limitations on movement onsets. In doing so, the youth

goalkeeper would avoid that the beginning of his interceptive

actions was associated with the late observation of some

shooters’ specific kinematic cues, constraining his capacity to

temporally respond to the kicks at the previous foot-to-ball

contact by the shooter. Within this learning strategy, the coach

was deemed as a facilitator of the relations between the youth

goalkeeper and the penalty taker (47, 61).

The main strength of this applied study was the collaborative

work created between researchers and coaches to enhance the

sport performance of a U10 novice athlete, bringing the

science-practice gap that usually occurs for the studies in Sport

Sciences. We highlight that this training program is the first on-

field intervention existing in the literature focused on a youth

goalkeeper who would benefit from a coaching assistance to

enhance his saving performance during penalty kicks. In this

regard, this type of training intervention, focused on grassroots

sports, has been overlooked in the scientific community because

the main interest have been posited on high-skilled athletes and
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not in novice participants. This guidance has been based on the

role of contextual information related to the action tendencies

of shooters, and more specifically on the provision of

probabilistic information about the kicking tendencies of

shooters. Although the results are referred to this young

goalkeeper, we reinforce that the instruments used in this

training program could provide portability and usability to the

researchers in addressing motor behaviours and saving

performance for larger samples of goalkeepers with the same

skill level or high-skilled goalkeepers, while guaranteeing

reliability recording these variables.
Future recommendations

Future research addressing the penalty round should include

other contextual variables, which have not been considered in the

present study, but could influence the motor behaviour and

performance of the goalkeepers during this specific football task

such as: the footedness of the shooters (i.e., right- vs. left-footed

shooters) or the kicking speed (i.e., kicks shooted with high vs.

low-velocity). These variables should be also probed with a

larger sample of goalkeepers of the same or different ages, skill

levels and dissimilar clubs. Thus, it would be interesting to

provide knowledge of the execution for each goalkeeper about

what is his/her optimal temporal interval at which the saving

performance increases. In addition to this, the recordings of

gaze patterns of goalkeepers would enhance the comprehension

of visual and motor couplings in saving penalties (e.g., what

visual target locations are associated with higher or lower

saving performance?).

This association between visual and motor behaviour would

ensure football coaches a more individualized education of

their goalkeepers’ attention during the penalty-shooting task;

for instance, by guiding the gaze of their athletes toward

specific visual cues that help them to intercept de ball,

according to their differentiated action capacities. In doing so,

the coaches may manipulate the variability of the informational

variables (kinematic cues) and their correlation to the property

to perceive (final direction of the ball to the goal) to

determinate the advantages by using these variables in

each goalkeeper (76).
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Bioethics and

Biosecurity Committee of University of Extremadura. The studies

were conducted in accordance with the local legislation and
frontiersin.org

https://doi.org/10.3389/fspor.2024.1356340
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Luis-del Campo et al. 10.3389/fspor.2024.1356340
institutional requirements. Written informed consent for

participation in this study was provided by the participants’ legal

guardians/next of kin. Written informed consent was obtained

from the individual(s) for the publication of any potentially

identifiable images or data included in this article.
Author contributions

VL-dC: Conceptualization, Formal Analysis, Methodology,

Project administration, Supervision, Visualization, Writing –

original draft, Writing – review & editing. PE: Conceptualization,

Methodology, Supervision, Writing – original draft, Writing –

review & editing. LM: Data curation, Investigation, Software,

Writing – original draft, Writing – review & editing. FC:

Conceptualization, Methodology, Supervision, Writing – original

draft, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Frontiers in Sports and Active Living 10
Acknowledgments

The authors acknowledge all shooters and goalkeeper who
voluntary participated in this study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Jordet G, Hartman E, Visscher C, Lemmink KAPM. Kicks from the penalty mark
in soccer: the roles of stress, skill, and fatigue for kick outcomes. J Sport Sci. (2007)
25:121–9. doi: 10.1080/02640410600624020

2. McGarry T, Franks IM. On winning the penalty shoot-out in soccer. J Sport Sci.
(2000) 18(6):401–9. doi: 10.1080/02640410050074331

3. Brinkschulte M, Wunderlich F, Furley P, Memmert D. The obligation to succeed
when it matters the most–the influence of skill and pressure on the success in football
penalty kicks. Psychol Sport Exerc. (2023) 65:102369. doi: 10.1016/j.psychsport.2022.
102369

4. Memmert D, Hüttermann S, Hagemann N, Loffing F, Strauss B. Dueling in the
penalty box: evidence-based recommendations on how shooters and goalkeepers
can win penalty shootouts in soccer. Int Rev Sport Exer Psychol. (2013) 6:209–29.
doi: 10.1080/1750984X.2013.811533

5. Pinheiro GS, Nascimento VB, Dicks M, Costa VT, Lames M. Design and
validation of an observational system for penalty kick analysis in football (OSPAF).
Front Psychol. (2021) 12:661179. doi: 10.3389/fpsyg.2021.661179

6. Dicks M, Button C, Davids K. Examination of gaze behaviors under in situ and
video simulation task constraints reveals differences in information pickup for
perception and action. Atten Percept Psychol. (2010) 72(3):706–20. doi: 10.3758/
APP.72.3.706

7. Wood G, Jordet G, Willson MR. On winning the “lottery”: psychological
preparation for football penalty shoot-outs. J Sport Sci. (2015) 37(17):1758–65.
doi: 10.1080/02640414.2015.1012103

8. Button C, Seifert L, Chow J-Y, Araújo D, Davids K. Dynamics of Skill Acquisition:
An Ecological Dynamics Rationale. 2nd ed. Champaign, IL: Human Kinetics (2020).

9. Dicks M, Uehara L, Lima C. Deception, individual differences and penalty kicks:
implications for goalkeeping in association football. Int J Sports Sci Coach. (2011) 6
(4):515–21. doi: 10.1260/1747-9541.6.4.515

10. Ramsey H, Dicks M, Hope L, Reddy V. Maximising grip on deception and
disguise: expert sports performance during competitive interactions. Sports Med
Open. (2022) 8(1):1–9. doi: 10.1186/s40798-022-00441-y

11. Buscà B, Hileno R, Nadal B, Serna J. Prediction of the penalty kick direction in
men’s soccer. Int J Perf Anal Sport. (2022) 22(4):571–82. doi: 10.1080/24748668.2022.
2097834

12. Nunome H, Asai T, Ikegami Y, Sakuri S. Three-dimensional kinetic analysis of
side-foot and instep soccer kicks. Med Sci Sport Exerc. (2002) 34(12):2028–36. doi: 10.
1097/00005768-200212000-00025
13. Hunter AH, Murphy SC, Angilletta MJ Jr, Wilson RS. Anticipating the direction
of soccer penalty shots depends on the speed and technique of the kick. Sports. (2018)
6(3):73. doi: 10.3390/sports6030073

14. Navia JA, Ruiz LM, Graupera JL, van der Kamp J, Avilés C. La mirada de los
porteros de fútbol-sala ante diferentes tipos de respuesta motriz. Rev Int Cienc Dep.
(2013) 33(9):269–81. doi: 10.5232/ricyde2013.03305

15. Fariña RA, Fábricia G, Tambusso P S, Alonso R. Taking the goalkeeper’s side in
association football penalty kicks. Int J Perf Anal Sport. (2013) 13:96–109. doi: 10.
1080/24748668.2013.11868634

16. van der Kamp J, Dicks M, Navia JA, Noël B. Goalkeeping in the soccer penalty
kick. German J Exerc Sport Res. (2018) 48:169–75. doi: 10.1007/s12662-018-0506-3

17. Morya ER, Ranvaud R, Machado-Pinheiro W. Dynamics of visual feedback in a
laboratory simulation of a penalty kick. J Sport Sci. (2003) 21:87–95. doi: 10.1080/
0264041031000070840

18. Higueras-Herbada A, Lopes JE, Travieso D, Ibáñez-Gijón J, Araújo D, Jacobs
DM. Height after side: goalkeepers detect the vertical direction of association-
football penalty kicks from the ball trajectory. Front Psychol. (2020) 11:311. doi: 10.
3389/fpsyg.2020.00311

19. Kim S, Lee S. Gaze behavior of elite soccer goalkeeper in successful penalty kick
defense. Int J Appl Sport Sci. (2006) 18(1):96–110.

20. Murgia M, Sors F, Muroni AF, Santoro I, Prpic V, Galmonte A, et al. Using
perceptual home-training to improve anticipation skills of soccer goalkeepers.
Psychol Sport Exerc. (2014) 15(6):642–8. doi: 10.1016/j.psychsport.2014.07.009

21. Murta CDCF, Albuquerque MR, Greco PJ, Raab M, Praça GM. Goalkeepers put
their money where the coach’s mouth is: knowing shooters’ preferences enhances
anticipation of football goalkeepers. Int J Sport Exerc Psychol. (2021) 20(5):1507–22.
doi: 10.1080/1612197X.2021.1987962

22. Dicks M, Araujo D, van der Kamp J. Perception-action for the study of
anticipation and decision making. In: Williams AM, Jackson RC, editors.
Anticipation and Decision Making in Sport. 1st edn. London: Routledge (2019).
https://www.routledge.com/Anticipation-and-Decision-Making-in-Sport-1st-Edition/
Williams-Jackson/p/book/9781138504844

23. MannDT,WilliamsAM,Ward P, Janelle CM. Perceptual-cognitive expertise in sport:
a meta-analysis. J Sport Exerc Psychol. (2007) 29(4):457–78. doi: 10.1123/jsep.29.4.457

24. Shafizadeh M, Plat GK. Effect of verbal cueing on trajectory anticipation in the
penalty kick among novice football goalkeepers. Percept Mot Skills. (2012) 114
(1):174–84. doi: 10.2466/05.23.25.PMS.114.1.174-184
frontiersin.org

https://doi.org/10.1080/02640410600624020
https://doi.org/10.1080/02640410050074331
https://doi.org/10.1016/j.psychsport.2022.102369
https://doi.org/10.1016/j.psychsport.2022.102369
https://doi.org/10.1080/1750984X.2013.811533
https://doi.org/10.3389/fpsyg.2021.661179
https://doi.org/10.3758/APP.72.3.706
https://doi.org/10.3758/APP.72.3.706
https://doi.org/10.1080/02640414.2015.1012103
https://doi.org/10.1260/1747-9541.6.4.515
https://doi.org/10.1186/s40798-022-00441-y
https://doi.org/10.1080/24748668.2022.2097834
https://doi.org/10.1080/24748668.2022.2097834
https://doi.org/10.1097/00005768-200212000-00025
https://doi.org/10.1097/00005768-200212000-00025
https://doi.org/10.3390/sports6030073
https://doi.org/10.5232/ricyde2013.03305
https://doi.org/10.1080/24748668.2013.11868634
https://doi.org/10.1080/24748668.2013.11868634
https://doi.org/10.1007/s12662-018-0506-3
https://doi.org/10.1080/0264041031000070840
https://doi.org/10.1080/0264041031000070840
https://doi.org/10.3389/fpsyg.2020.00311
https://doi.org/10.3389/fpsyg.2020.00311
https://doi.org/10.1016/j.psychsport.2014.07.009
https://doi.org/10.1080/1612197X.2021.1987962
https://www.routledge.com/Anticipation-and-Decision-Making-in-Sport-1st-Edition/Williams-Jackson/p/book/9781138504844
https://www.routledge.com/Anticipation-and-Decision-Making-in-Sport-1st-Edition/Williams-Jackson/p/book/9781138504844
https://doi.org/10.1123/jsep.29.4.457
https://doi.org/10.2466/05.23.25.PMS.114.1.174-184
https://doi.org/10.3389/fspor.2024.1356340
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Luis-del Campo et al. 10.3389/fspor.2024.1356340
25. Cañal-Bruland R, Mann DL. Time to broaden the scope of research on
anticipatory behavior: a case for the role of probabilistic information. Front Psychol.
(2015) 6:1518. doi: 10.3389/fpsyg.2015.01518

26. Abernethy B, Gill DP, Parks SL, Packer ST. Expertise and the perception of
kinematic and situational probability information. Perception. (2001) 30:233–52.
doi: 10.1068/p2872

27. Roca A, Ford PR, McRobert AP, Williams AM. Perceptual- cognitive skills and
their interaction as a function of task constraints in soccer. J Sport Exerc Psychol.
(2013) 35:144–55. doi: 10.1123/jsep.35.2.144

28. Ward P, Williams AM. Perceptual and cognitive skill development in soccer: the
multidimensional nature of expert performance. J Sport Exerc Psychol. (2003) 25
(1):93–111. doi: 10.1123/jsep.25.1.93

29. Navia JA, van der Kamp J, Ruiz LM. On the use of situation and body
information in goalkeeper actions during a soccer penalty kick. Int J Sport Psychol.
(2013) 44:234–51.

30. Williams AM, Heron K, Ward P, Smeeton NJ. Using situational probabilities to
train perceptual and cognitive skill in novice soccer players. In: Reilly TP, Cabri J,
Araujo YD, editors. Science and Football (vol. v). London: Taylor and Francis.
(2005). pp. 337–40

31. Peiyong Z, Inomata K. Cognitive strategies for goalkeeper responding to soccer
penalty kick. Percep Motor Skill. (2012) 115(3):969–83. doi: 10.2466/30.22.23.PMS.
115.6.969-983

32. Runswick OR, Roca A, Williams AM, McRobert AP, North JS. The temporal
integration of information during anticipation. Psychol Sport Exerc. (2018)
37:100–8. doi: 10.1016/j.psychsport.2018.05.001

33. Williams AM, Jackson RC. Anticipation in sport: fifty years on, what have we
learned and what research still needs to be undertaken? Psychol Sport Exerc. (2019)
42:16–24. doi: 10.1016/j.psychsport.2018.11.014

34. Luis-del Campo V. La información situacional probabilística en el deporte: un
metaanálisis. Rev Lat Psic. (2017) 49(1):70–9. doi: 10.1016/j.rlp.2016.07.001

35. Thomas JL, Broadbent DP, Gredin NV, Fawver BJ, Williams AM. Skill-based
differences in the detection and utilization of opponent action preferences following
increasing exposure and changes in tendencies. J Sport Exerc Psychol. (2022)
44:370–81. doi: 10.1123/jsep.2021-0244

36. Gray R. Behavior of college baseball players in a virtual batting task. J Exp
Psychol Human. (2002) 28:1131–48. doi: 10.1037/0096-1523.28.5.1131

37. Wang Y, Ji Q, Zhou C. Effect of prior cues on action anticipation in soccer
goalkeepers. Psychol Sport Exerc. (2019) 43:137–43. doi: 10.1016/j.psychsport.2019.
02.001

38. Zheng R, van der Kamp J, Miller-Dicks M, Navia J, Savelsbergh G. The
effectiveness of penalty takers’ deception: a scoping review. Hum Mov Sci. (2023)
90:103122. doi: 10.1016/j.humov.2023.103122

39. Sweeney L, Horan D, MacNamara Á. Premature professionalisation or early
engagement? Examining practise in football player pathways. Front Sports Act
Living. (2021) 3:660167. doi: 10.3389/fspor.2021.660167

40. Almonacid-Fierro A, Souza de Carvalho R, Sepúlveda-Vallejos S, Méndez-
Cornejo J, Aguilar-Valdés M. Teaching grassroots soccer: a systematic review of
literature. Pedag Phys Cult Sports. (2024) 28(1):53–62. doi: 10.15561/26649837.2024.
0106

41. Duncan MJ, Eyre ELJ, Clarke N, Hamid A, Jing Y. Importance of fundamental
movement skills to predict technical skills in youth grassroots soccer: a machine
learning approach. Int J Sports Sci Coach. (2024) 19(3):1042–9. doi: 10.1177/
17479541231202015

42. Lloyd RS, Oliver JL. The youth physical development model: a new approach to
long-term athletic development. Strength Cond J. (2012) 34(3):61–72. doi: 10.1519/
SSC.0B013E31825760EA

43. Alesi M, Bianco A, Padulo J, Luppina G, Petrucci M, Paoli A, et al. Motor and
cognitive growth following a football training program. Front Psychol. (2015) 6:1627.
doi: 10.3389/fpsyg.2015.01627

44. Erceg M, Zagorac N, Katić R. The impact of football training on motor
development in male children. Coll Antropol. (2008) 32(1):241–7.

45. Partington M, Cushion C, Harvey S. An investigation of the effect of athletes’ age
on the coaching behaviours of professional top-level youth soccer coaches. J Sport Sci.
(2014) 32:403–14. doi: 10.1080/02640414.2013.835063

46. Chow JY, Davids K, Button C, Renshaw I. Nonlinear Pedagogy in Skill
Acquisition: An Introduction. London: Routledge (2016).

47. Correia V, Carvalho J, Araújo D, Pereira E, Davids K. Principles of nonlinear
pedagogy in sport practice. Phys Educ Sport Pedag. (2019) 24:117–32. doi: 10.1080/
17408989.2018.1552673

48. Palucci Vieira LH, Barbieri FA, Kellis E, Oliveira L, Aquino R, Cunha S, et al.
Organisation of instep kicking in young U11 to U20 soccer players. Sci Med
Football. (2020) 5(2):111–20. doi: 10.1080/24733938.2020.1807043

49. Mushtaq Kazem Sultan MK, Bahloul M. Psychological stress and its relationship
to psychological resolute among youth players aged 14-16 in penalty kick execution in
Frontiers in Sports and Active Living 11
soccer. Galaxy Int Interdiscip Res J. (2023) 11(8):318–22. https://internationaljournals.
co.in/index.php/giirj/article/view/4354

50. Gredin NV, Bishop DT, Broadbent DP, Tucker A, Williams AM. Experts integrate
explicit contextual priors and environmental information to improve anticipation
efficiency. J Exp Psychol Appl. (2018) 24(4):509–20. doi: 10.1037/xap0000174

51. Helm F, Cañal-Bruland R, Mann DL, Troje NF, Munzert J. Integrating situational
probability and kinematic information when anticipating disguised movements. Psychol
Sport Exerc. (2020) 46:101607. doi: 10.1016/j.psychsport.2019.101607

52. McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey VL,
et al. Defining training and performance caliber: a participant classification framework.
Int J Sport Physiol Perform. (2022) 17(2):317–31. doi: 10.1123/ijspp.2021-0451

53. Halperin I. Case studies in exercise and sport sciences: a powerful tool to bridge
the science-practice gap. Int J Sport Physiol Perform. (2018) 13(6):824–5. doi: 10.1123/
ijspp.2018-0185

54. Otte FW, Davids K, Millar SK, Klatt S. When and how to provide feedback and
instructions to athletes? How sport psychology and pedagogy insights can improve
coaching interventions to enhance self-regulation in training. Front Psychol. (2020)
11:1444. doi: 10.3389/fpsyg.2020.01444

55. IFAB. Laws of the Game. Zürich: The International Football Association Board
(IFAB) (2023). Available online at: https://theifab.com/downloads/laws-of-the-game-
2023-24?l=en

56. Dicks M, Pocock C, Thelwell R, van der Kamp J. A novel on-field training
intervention improves novice goalkeeper penalty kick performance. Sport Psychol.
(2017) 31(2):129–33. doi: 10.1123/tsp.2015-0148

57. Sánchez FJN, Sicilia AO, Guerrero AB, Pugnaire AR. Anticipation in soccer
goalkeepers during penalty kicking. Int J Sport Psychol. (2005) 36:284–98.

58. Pacheco M, Lafe C, Newell K. Search strategies in the perceptual motor
workspace and the acquisition of coordination, control, and skill. Front Psychol.
(2019) 10:1874. doi: 10.3389/fpsyg.2019.01874

59. Davids K, Bennett S, Button C. Dynamics of Skill Acquisition. Champaign. IL:
Human Kinetics (2008).

60. Klatt S, Noël B. Regulatory focus in sport revisited: does the exact wording of
instructions really matter? Sport Exerc Perform Psychol. (2020) 9(4):532–42. doi: 10.
1037/spy0000195

61. Newell KM, Ranganathan R. Instructions as constraints in motor skill
acquisition. In: Renshaw I, Davids K, Savelsbergh G, editors. Motor Learning in
Practice: A Constraints-led Approach. London: Routledge (2010). p. 17–32.

62. Ryu D, Kim S, Abernethy B, Mann DL. Guiding attention aids the acquisition of
anticipatory skill in novice soccer goalkeepers. Res Q Exerc Sport. (2013) 84(2):252–62.
doi: 10.1080/02701367.2013.784843

63. Savelsbergh GJP, van Gastel P, van Kampen PM. Anticipation of a penalty
kicking direction can be improved by directing attention through perceptual
learning. Int J Sport Psychol. (2010) 41:24–41.

64. Zheng R, de Reus C, van der Kamp J. Goalkeeping in the soccer penalty kick:
the dive is coordinated to the kicker’s non-kicking leg placement, irrespective of
time constraints. Hum Mov Sci. (2021) 76:102763. doi: 10.1016/j.humov.2021.
102763

65. Diaz GJ, Fajen BR, Phillips F. Anticipation from biological motion: the
goalkeeper problem. J Exp Psychol Human. (2012) 38(4):848–64. doi: 10.1037/
a0026962

66. Causer J, Smeeton NJ, Williams AM. Expertise differences in anticipatory
judgements during a temporally and spatially occluded task. PLoS One. (2017) 12
(2):e0171330. doi: 10.1371/journal.pone.0171330

67. Nakamoto H, Mori S. Experts in fast-ball sports reduce anticipation timing cost
by developing inhibitory control. Brain Cognit. (2012) 80(1):23–32. doi: 10.1016/j.
bandc.2012.04.004

68. Savelsbergh GJ, Williams AM, Van der Kamp J, Ward P. Visual search,
anticipation and expertise in soccer goalkeepers. J Sport Sci. (2002) 20(3):279–87.
doi: 10.1080/026404102317284826

69. Savelsbergh GJP, van der Kamp J, Williams AM, Ward P. Anticipation and
visual search strategy in expert soccer goalkeepers. Ergonomics. (2005) 48:1686–97.
doi: 10.1080/00140130500101346

70. Dicks M, Davids K, Button C. Individual differences in the visual control of
intercepting a penalty kick in association football. Hum Mov Sci. (2010) 29:401–11.
doi: 10.1016/j.humov.2010.02.008

71. Huesmann K, Schorer J, Büsch D, Witt J, Loffing F. Expert goalkeepers’ and
coaches’ views on anticipation and cue utilisation facing backcourt throws in
handball goalkeeping. Front Sports Act Living. (2023) 5:1215696. doi: 10.3389/fspor.
2023.1215696

72. Ji Q, Zhou C, Wang Y. Influence of conflicting prior information on action
anticipation in soccer players: an ERP study. Front Behav Neurosci. (2023)
17:1320900. doi: 10.3389/fnbeh.2023.1320900

73. Elferink-Gemser MT, te Wierike SCM, Visscher C. Multidisciplinary
longitudinal studies: a perspective from the field of sports. In: Ericsson KA,
frontiersin.org

https://doi.org/10.3389/fpsyg.2015.01518
https://doi.org/10.1068/p2872
https://doi.org/10.1123/jsep.35.2.144
https://doi.org/10.1123/jsep.25.1.93
https://doi.org/10.2466/30.22.23.PMS.115.6.969-983
https://doi.org/10.2466/30.22.23.PMS.115.6.969-983
https://doi.org/10.1016/j.psychsport.2018.05.001
https://doi.org/10.1016/j.psychsport.2018.11.014
https://doi.org/10.1016/j.rlp.2016.07.001
https://doi.org/10.1123/jsep.2021-0244
https://doi.org/10.1037/0096-1523.28.5.1131
https://doi.org/10.1016/j.psychsport.2019.02.001
https://doi.org/10.1016/j.psychsport.2019.02.001
https://doi.org/10.1016/j.humov.2023.103122
https://doi.org/10.3389/fspor.2021.660167
https://doi.org/10.15561/26649837.2024.0106
https://doi.org/10.15561/26649837.2024.0106
https://doi.org/10.1177/17479541231202015
https://doi.org/10.1177/17479541231202015
https://doi.org/10.1519/SSC.0B013E31825760EA
https://doi.org/10.1519/SSC.0B013E31825760EA
https://doi.org/10.3389/fpsyg.2015.01627
https://doi.org/10.1080/02640414.2013.835063
https://doi.org/10.1080/17408989.2018.1552673
https://doi.org/10.1080/17408989.2018.1552673
https://doi.org/10.1080/24733938.2020.1807043
https://internationaljournals.co.in/index.php/giirj/article/view/4354
https://internationaljournals.co.in/index.php/giirj/article/view/4354
https://doi.org/10.1037/xap0000174
https://doi.org/10.1016/j.psychsport.2019.101607
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1123/ijspp.2018-0185
https://doi.org/10.1123/ijspp.2018-0185
https://doi.org/10.3389/fpsyg.2020.01444
https://theifab.com/downloads/laws-of-the-game-2023-24?l=en
https://theifab.com/downloads/laws-of-the-game-2023-24?l=en
https://doi.org/10.1123/tsp.2015-0148
https://doi.org/10.3389/fpsyg.2019.01874
https://doi.org/10.1037/spy0000195
https://doi.org/10.1037/spy0000195
https://doi.org/10.1080/02701367.2013.784843
https://doi.org/10.1016/j.humov.2021.102763
https://doi.org/10.1016/j.humov.2021.102763
https://doi.org/10.1037/a0026962
https://doi.org/10.1037/a0026962
https://doi.org/10.1371/journal.pone.0171330
https://doi.org/10.1016/j.bandc.2012.04.004
https://doi.org/10.1016/j.bandc.2012.04.004
https://doi.org/10.1080/026404102317284826
https://doi.org/10.1080/00140130500101346
https://doi.org/10.1016/j.humov.2010.02.008
https://doi.org/10.3389/fspor.2023.1215696
https://doi.org/10.3389/fspor.2023.1215696
https://doi.org/10.3389/fnbeh.2023.1320900
https://doi.org/10.3389/fspor.2024.1356340
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Luis-del Campo et al. 10.3389/fspor.2024.1356340
Hoffman RR, Kozbelt A, Williams AM, editors. The Cambridge Handbook of
Expertise and Expert Performance. Cambridge: Cambridge University Press
(2018). p. 271–90.

74. Till K, Baker J. Challenges and [possible] solutions to optimizing talent
identification and development in sport. Front Psychol. (2020) 11:664. doi: 10.3389/
fpsyg.2020.00664
Frontiers in Sports and Active Living 12
75. Williams AM, Ford PR, Drust B. Talent identification and development in soccer
since the millennium. J Sport Sci. (2020) 38(11–12):1199–210. doi: 10.1080/02640414.
2020.1766647

76. Ibáñez-Gijón J, Travieso D, Jacobs DM. El enfoque neogibsoniano como marco
conceptual y metodológico para el diseño de programas de entrenamiento deportivo.
Rev Psicol Dep. (2011) 20(2):667–88.
frontiersin.org

https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.1080/02640414.2020.1766647
https://doi.org/10.1080/02640414.2020.1766647
https://doi.org/10.3389/fspor.2024.1356340
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Case Report: Effect of providing penalty kicking tendencies on goalkeeper's motor behaviour and performance: a case study with an on-field intervention on youth football
	Introduction
	Methods
	Participant
	Study design
	Procedures
	Instruments and variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Practical applications
	Limitations and strengths of the study
	Future recommendations

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


