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Background: In football, visual exploration and scanning are crucial to make players aware of their teammates’ and their opponents’ positions, thus improving their decision-making. However, specific recommendations on systematic training methods to improve scanning behavior are limited. Therefore, this study investigated the effects of a five-week scanning-focused training intervention on scanning behavior in U19 female football players.



Methods: A total of 36 female football players (mean ± SD age: 16.7 ± 1.2 years) from two elite and two grassroots teams were assigned to a control and intervention group. The intervention group completed one to two scanning-focused training sessions per week, while the control group followed their regular training routine. Scanning behavior was assessed using video analysis of 4v4 small-sided games in pre-, post-, and retention tests. A scan was defined as an active head movement, during which the player's head was directed away from the ball.



Results: The intervention group significantly increased mean number of scans per game situation from pre- to post-test (p = 0.002), with no significant improvements in the control group (p = 0.088). However, this improvement was only observed in elite (p = 0.001), but not in grassroots players. After scanning, elite players performed more successful actions than grassroots players (p = 0.011), with no significant effect throughout the intervention period (p = 0.074). The retention test three weeks later (n = 31) showed that the increased scanning behavior of the post-test was maintained.



Conclusion: In conclusion, a five-week scanning-focused training intervention improves scanning behavior in young female football players, particularly at elite level. These findings highlight the value of integrating perceptual-cognitive training into football coaching.
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1 Introduction

Football is a complex ball game with a constantly changing environment, i.e., continuously moving teammates, opponents, and ball. Visual exploration may improve players awareness of their surroundings and promote adequate decision-making (1). According to Jordet et al. (2), scanning is an essential, information-gathering process during which players must temporarily direct their heads (and eyes) away from the ball to scan for teammates, opponents, and open space. This scanning behavior has been identified as a key component of expert performance, with elite players demonstrating a higher scanning frequency before ball reception than less-skilled players (2–6). Previous research in real game settings examined scanning across age groups (3), skill levels (6), contextual factors (2, 3, 7), and timing relative to ball reception (1, 8, 9), with a focus on the relationship between scanning and performance outcomes. Evidence suggests that scanning prior to ball reception increases the likelihood of a successful subsequent action (2, 5, 6, 10, 11). However, almost all existing research on scanning behavior has been conducted in men's football. Beyond well-established physiological and physical differences between the sexes that influence game dynamics (12), recent studies have revealed sex-specific patterns in perceptual-cognitive abilities and training responses. For example, Legault and Faubert (13) found that male athletes had superior baseline perceptual abilities compared to female athletes, both sexes showed significant improvements after short-term perceptual-cognitive training. Yongtawee and Woo (14) demonstrated that training experience affects cognitive development differently across sex, with male athletes showing greater benefits in interceptive sports. Therefore, given their unique training histories and developmental trajectories, it is important to study female players as a distinct group. Moreover, given that the number of registered female football players in Europe has doubled since 2019 (15), research on female players has gained increasing attention (16), although it is still minimal compared to that in male footballers. The limited research on scanning behavior in female central midfield players participating in the UEFA Women's 2022 European Championships suggests that their scanning frequency was lower than that of male players (17). More specific analyses demonstrated that the competitive level affects scanning, with U19 elite female players scanning more frequently than their grassroots counterparts in 4v4 small-sided games (SSGs) (6).

Although scanning is widely recognized as a critical perceptual skill in elite football, research on specific recommendations of how to systematically develop and improve scanning in football is limited. Pulling et al. (18) found that the most commonly used method to integrate scanning in training sessions is direct instructions, i.e., as verbal cues (“head up”) or questioning the players about their scanning behavior. Additionally, task constraints, such as modified pitch dimensions, varying number of players, or additional targets, which include opponent pressure and real game scenarios are common strategies to increase players’ scanning behavior (19). Small-sided and conditioned games are well-documented training formats that improve technical and tactical skills (20). McGuckian et al. (21) demonstrated that reducing available space per player in 3v3 SSGs led to increased scanning compared to full-size (11v11) pitches, both with and without possession of the ball. Elderidge et al. (22) found that players scanned more frequently in a passing exercise without opponents (using marked bibs to denote teammates and opponents) compared to in-game SSG. Furthermore, some studies have explored visual occlusion training, using spatial occlusion goggles to improve response time and accuracy (23, 24). However, such artificial constraints may have limited transferability to real-game scenarios, where representative learning design is crucial for ecological validity (25). As such, training interventions should reflect real-game conditions to allow players to naturally perceive affordances, i.e., possibilities for action that emerge dynamically within the game (26). To achieve ecological validity, football training should expose players to dynamic, game-representative scenarios that challenge both their technical execution and tactical awareness, thereby enhancing the transfer of adaptations to competitive play (27). One widely used method of replicating match play in training is the use of SSGs, which may serve as an effective setting for developing perceptual skills, such as scanning.

Due to the aforementioned limited research, coaches continue to rely on trial-and-error approaches and lack structured, empirically supported training methods. Additionally, most research on scanning has been cross-sectional, with little emphasis on systematic training interventions. This study adds to the literature by providing empirical evidence on the trainability of scanning behavior and its performance implications in female football. Therefore, the aim of the study was to investigate the effects of a five-week scanning-focused training intervention on scanning behavior in U19 female football players. Additionally, the study assessed whether potential training effects were maintained in a retention test three weeks after the intervention. We hypothesized that scanning behavior would improve after the five-week scanning-focused training intervention and that a larger number of scans after the intervention would increase the success rate of subsequent actions.



2 Methods


2.1 Participants

Sixty-one female football players from two Swiss U19 women's national league teams and two U19 grassroots teams volunteered to participate in this study. A total of 36 players (mean ± SD age: 16.7 ± 1.2 years; Team 1: n = 9, Team 2: n = 10, Team 3: n = 12, Team 4: n = 5) met the inclusion criteria: (1) participation in both pre- and post-test, (2) participation in at least five intervention training sessions, (3) outfield playing position (goalkeepers were excluded). On average, elite players had 10.1 ± 1.9 years and grassroots players had 5.4 ± 3.0 years of football experience. Written informed consent was obtained from all participants or their legal guardians in the case of the underage participants. The ethical aspects of the study were approved by the institutional review board of the Swiss Federal Institute of Sport Magglingen SFISM (196_LSP_04_2023) and the study was conducted in accordance with the latest version of the Declaration of Helsinki.



2.2 Training intervention

Training content was designed in collaboration with the participating teams’ coaches to foster scanning development within a representative learning design. Thus, four game formats with variations and four exercises were developed to expose players to a wide range of game situations and sudden changes, such as shifts in game direction or moving visual cues that need to be identified during play. These conditions required players to make quick decisions and continuously reassess the game environment. Table 1 provides an overview of the game formats and exercises from the playbook used during the scanning-focused training designed to enhance scanning behavior in the intervention group. Details are provided on the team setups, objectives of the exercises and game formats, and key training elements. The detailed instructions are provided in the supplementary information (Supplementary File 1).



TABLE 1 Overview of game formats and exercises in the scanning-focused training intervention.



	
	Game 1
	Game 2
	Game 3
	Game 4
	Exercise 1
	Exercise 2
	Exercise 3
	Exercise 4





	Team
	4v4 + neutral player
	4v4/5v5
	4v4 + goalkeepers
	4v4 + goalkeepers
	Circle with 5 outside and 1 central player
	Groups of 3 players
	Groups of 3–4 players
	3 teams of 4 players



	Goal
	–
	6 small goals
	2 regular goals
	2 regular goals
	–
	–
	–
	–



	Objective
	

	-Keep ball possession

	-Recognition of visual cues



	

	-Quick transitions and awareness of open goals



	

	-Free directional play after crossing halfway line



	

	-Controlled buildup from the goalkeeper

	-Play behind the player



	

	-Quick decision-making and passing in movement



	

	-First touch control and passing accuracy under constraints



	

	-Scanning and adjusting position

	-Recognition of visual cues



	

	-Decision-making based on teammate communication










Before implementing the intervention, exercises and game formats were pre-tested with an independent team to refine instructions and optimize the new playing formats. Based on these pre-tests, coaches of the participating teams received printed instructions detailing all exercises, game formats, and corresponding instructions. Before the start of the study, coaches were introduced to the game formats through pre-tested video footage and personal on-field instructions allowing the coaches to clarify any potential questions. During the intervention period, coaches lead the scanning-focused training sessions in order to maintain normal training conditions and natural player behavior. For each scanning-focused training session, the coaches could choose the exercises and game formats (including at least one game format) to match the overall focus of the training session. For intervention fidelity, coaches documented each training session immediately afterward. Reports included details on selected exercises, game formats, modifications, duration, remarks, and participating players. These reports were descriptively reviewed by the study leader to ensure consistent implementation of the intervention across teams and to confirm appropriate variation in selected exercises and formats from the playbook. No substantial differences between the teams or outliers were identified. Furthermore, each team was observed twice from the sideline by the study leader during intervention training sessions, without any interference. Post-training discussions with coaches were conducted without the players’ presence to ensure an open exchange of feedback and observations. Slight modifications (mainly refined instructions) to exercises and game formats were conducted based on coaches’ feedback throughout the intervention period to further refine the study approach. These adaptations were primarily designed to help coaches manage variations in player numbers or infrastructure and ensure consistent training conditions throughout the intervention.



2.3 Procedures

As the teams were located up to 90 km apart from each other, players were assigned to either the control or intervention group based on their team affiliation, following a quasi-experimental rather than completely randomized design. Both the control as well as the intervention group consisted of one grassroots and one elite team. The intervention was conducted over five weeks, including one to two scanning-focused training sessions per week. Only one scanning-focused training session was conducted in weeks with two official matches. This was the case for the elite teams in two out of the five-week intervention period. Each scanning-focused training session included a 30-minute block of scanning-focused exercises and game formats, which was conducted immediately following the warm-up. During that 30-minute block, the control group followed their regular training routine, emphasizing ball control and first touch within their game formats and exercises. However, they did not engage in scanning-specific game formats and exercises (Supplementary File 2).



2.4 Test sessions

Test sessions were conducted one week before (pre-test), one week after (post-test), and three weeks after (retention test) the five-week intervention period. Coaches assigned outfield players from their team to four balanced sub-teams, ensuring equal distribution of physical, technical, and tactical abilities. Players remained in the same sub-teams throughout all test sessions. After a standardized 15-minute warm-up, the test session included two sets of 4 × 4-minute SSG, with a 2-minute break between games and a 5-minute break between the sets. The games were played on two 40 × 30 m pitches, following modified 11v11 rules: no offside rule and goalkeepers were allowed to restart play after goals and out of play situations (6). Throughout the session, multiple balls were available for the out-of-play situations and were made available immediately by coaches positioned around the pitch to maintain continuous gameplay. A 1:2:1 playing system was implemented to ensure that players rotated through all four positions within each set and to minimize position-specific effects on performance. All 4v4 games were manually recorded using two 4 K digital cameras (HDR-CX700VE, Sony, Minato, Tokyo, Japan). The cameras were mounted on tripods and positioned 2 m from the long side and 7 m from the short side of each pitch. No zoom was applied during filming to maintain a consistent field of view.



2.5 Variables


2.5.1 Scanning

A scan was defined as an active head movement during which the player temporarily turns their face away from the ball to assess the positions of teammates, opponents, or available space for subsequent playing actions (2). The video footage was used to analyze scanning behavior for all game situations during which players received a pass from a teammate (3). Those game situations were defined as follows: from 5 s before the first ball contact until the ball was released for a subsequent action (pass, dribbling, or shot) (6).



2.5.2 Skill level

Skill level was defined based on the league in which the players trained and competed. Elite players participated in the U19 Swiss National Women's League, while grassroots players competed in the U19 female grassroots league.



2.5.3 Performance of subsequent actions

Scanning behavior was assessed based on the effectiveness of each subsequent performance. The subsequent action was considered successful, if the intentionally played ball reached a teammate or ball-possession was maintained within the team. Subsequent actions were classified as “unsuccessful”, if the intentionally played ball left the pitch boundaries or was intercepted by the opposing team, i.e., loss of ball-possession. The performance of subsequent actions was expressed as the percentage of positive outcomes.




2.6 Data analysis and statistics

Filming and tagging procedures followed the methodology outlined by Hintermann et al. (6). All video footage was analyzed using the same tagging panel as in the previous study and assessed by the same two expert raters. Interrater reliability was assessed using intraclass correlation coefficients (ICCs), calculated via mixed-effects models under the assumption of absolute agreement with a single rater. Estimates and 95% confidence intervals (95% CI) were computed using the psych-package in R (28). A randomly selected subset of 108 game situations (4% of total) from four games involving four players was independently analyzed by both raters. The resulting ICC was 0.89 [95% CI (.86,.92)], indicating good to excellent interrater reliability (29). To assess intrarater reliability, each rater independently re-analyzed four games of two randomly selected players (4% of total). The ICCs demonstrated good to excellent intrarater reliability for both raters [rater 1: ICC = 0.86, 95%CI [.79,.90]; rater 2: ICC = .93, 95% CI [.81,.99], respectively] (29).

To address the main research question and account for dropouts, scanning behavior was compared between the intervention and control groups, which pooled elite and grassroots players. Skill level and the percentage of positive subsequent actions were then analyzed in the subgroups. Thirty-one out of 36 players (14 in the intervention and 17 in the control group) participated in the retention test two weeks after the post-test and were analyzed as another subgroup.

All data are presented as mean ± SD and the alpha level set at p < 0.05. The assumption of normality was checked through visual inspection, evaluating the predicted and standardized residuals. Normal distribution was confirmed by a random distribution around zero in the scatter plot, a diagonal straight line in the QQ-plot, and a Gaussian distribution in the histogram (30). A two-way repeated measures analysis of variance (ANOVA) with Bonferroni-adjusted post-hoc comparisons was calculated to determine potential differences and interaction effects in the mean number of scans per game situation between groups (control vs. intervention) across two or three time points (pre- vs. post- vs. retention test) and two skill levels (elite vs. grassroots). Effect sizes were interpreted using partial eta squared (η2), with thresholds of 0.01, 0.06, and 0.14 indicated a small, medium, and large effect (31).

To assess the performance of subsequent actions, only game situations with scanning behavior before ball reception were analyzed. Mean percentages of positive outcomes were compared using a two-way ANOVA, with skill level (elite vs. grassroots) and time (pre-test vs. post-test) as independent variables. Additionally, a Mann–Whitney U test was used to compare the mean percentage of positive outcomes between game situations with and without scanning before first ball contact.




3 Results

In total, 2,458 game situations were included in the analyses. On average, players in the intervention group had 4.67 game situations per game in the pre-test and 4.91 in the post-test. Players in the control group showed a similar activity level, with 4.65 game situations per game in the pre-test and 4.91 in the post-test.


3.1 Scanning behavior

The results of the training intervention are presented in Table 2. In line with our first hypothesis, the intervention group significantly increased their mean number of scans per game situation from the pre- to the post-test (p = 0.002). Additionally, during the post-test mean number of scans were significantly higher in the intervention than the control group (p = 0.002). During the intervention period the control group also exhibited a slight increase in mean number of scans per game situation, which however, did not reaching statistical significance (p = 0.088). The mean changes from pre- to post- (delta) in the number of scans per game situation were 0.55 ± 0.37 (95% CI: 0.37–0.74) in the intervention group and 0.31 ± 0.35 (95% CI: 0.16–0.46) in the control group.



TABLE 2 Mean number of scans per game situation before (pre-) and after (post-) the five-week training intervention.



	Mean number of scans per game situation
	Training condition
	ANOVA



	Intervention (n = 15)
	Control (n = 21)
	F-value
	P-value
	Partial eta2





	Pre-
	0.88 ± 0.36 (0.70–1.07)
	0.61 ± 0.27 (0.49–0.72)
	a)
	F(1,68) = 19
	p < 0.001
	0.21 (large)



	Post-
	1.44 ± 0.52 (1.17–1.70)*,+
	0.92 ± 0.43 (0.73–1.10)
	b)
	F(1,68) = 17
	p < 0.001
	0.20 (large)



	c)
	F(1,68) = 2
	p = 0.203
	




	Data of elite and grassroots players were pooled for this analysis. Significant differences were identified by a 2-way repeated measures analysis of variance (ANOVA): training condition (control vs. intervention)×time (pre- vs. post-). a) Main effect: time (pre- vs. post-); b) Main effect: training condition (control vs. intervention); c) interaction effect: time × training condition. The delta represents the mean of the individual mean changes per player. Data are presented as mean ± SD (95% confidence interval).


	*Significant difference compared to control group.


	+Significant difference compared to pre-test.







Figure 1 provides an overview of the relative change in the mean number of scans per game situation from pre- to post-test for intervention and control groups.


[image: Two boxplots showing the relative change in mean number of scans (in percent) for the intervention and control groups. The intervention group display a higher median compared to the control group and the control group shows a wider interquartile range.]
FIGURE 1
Relative change in mean number of scans per game situation from pre- to post-test for intervention and control group. Boxplot with median ± inter-quartile range and whiskers.




3.2 Percentage of positive subsequent actions

The two-way ANOVA showed that elite players had a significantly higher percentage of positive subsequent actions compared to grassroots players (elite: 75.4%; grassroots: 65.1%; F1,68 = 7, p = 0.011, η2 = 0.09). There was a trend for time that indicated a potential decrease in percentage of positive outcomes from pre- to post-test, though this effect was not statistically significant (pre-test: 74.3%; post-test: 67.1%; F1,68 = 3, p = 0.074, η2 = 0.05). This result does not support our second hypothesis, which predicted that an increase in the number of scans would be associated with a higher success rate. However, a comparison of game situations with and without scanning behavior showed a significantly higher percentage of positive outcomes when players scanned before their first ball contact (with scanning: 70.6%; without scanning: 62.5%; z = −3.45, p = 0.001).



3.3 Skill level differences

Differences between elite and grassroots players are presented in Table 3. The table shows mean number of scans per game situation before and after the training intervention for both skill levels, across the intervention and control groups. The two-way ANOVA revealed significant main effects of time (pre- vs. post-; p < 0.001) and condition (control vs. intervention; p < 0.001) in the elite group. In the grassroots group, a significant main effect of time (p = 0.007) but not condition (p = 0.367) was found. In elite players, the mean changes (delta) in the number of scans per game situation from pre- to post- were 0.66 ± 0.41 (95% CI: 0.41–0.91) in the intervention group, compared to 0.39 ± 0.43 (95% CI: 0.11–0.67) in the control group. In contrast, in grassroots players, the corresponding mean changes were 0.35 ± 0.12 (95% CI: 0.24–0.45) in the intervention group and 0.25 ± 0.29 (95% CI: 0.09–0.41) in the control group.



TABLE 3 Mean number of scans before (pre-) and after (post-) the five-week training intervention in elite and grassroots players.



	Mean number of scans per game situation
	Training condition
	ANOVA



	Intervention
	Control
	F-value
	P-value
	Partial eta2





	Elite group
	
	
	
	
	
	



	Pre-
	1.06 ± 0.26 (0.90–1.22)
	0.78 ± 0.16 (0.68–0.88)
	a)
	F(1,34) = 25
	p < 0.001
	0.42 (large)



	Post-
	1.72 ± 0.39 (1.48–1.96)*,+
	1.17 ± 0.43 (0.89–1.45)
	b)
	F(1,34) = 15
	p < 0.001
	0.31 (large)



	c)
	F(1,34) = 2
	p = 0.218
	



	Grassroots group
	
	
	
	
	
	



	Pre-
	0.52 ± 0.24 (0.31–0.74)
	0.48 ± 0.26 (0.33–0.63)
	a)
	F(1,30) = 8
	p = 0.007
	0.22 (large)



	Post-
	0.87 ± 0.12 (0.76–0.98)
	0.72 ± 0.34 (0.53–0.91)
	b)
	F(1,30) = 1
	p = 0.367



	c)
	F(1,30) = 0
	p = 0.638




	Significant differences were identified by a 2-way repeated measures analysis of variance (ANOVA): training condition (control vs. intervention) × time (pre vs. post). a) Main effect: time (pre vs. post); b) Main effect: training condition (control vs. intervention); c) Interaction effect: time × training condition. The delta represents the mean of the individual mean changes per player. Data are presented as mean ± SD (95% confidence interval).


	*Significant difference compared to control group.


	+Significant difference compared to pre-test.







Among elite players, those in the intervention group performed significantly more scans in the post-test compared to the control group (p = 0.005). Additionally, elite players in the intervention group exhibited a significant increase in scanning behavior from pre- to post-test (p = 0.001). In contrast, no significant post-hoc effects were observed among grassroots players.

An overview of the relative changes in the mean number of scans per game situation from pre- to post-test in both the intervention and control groups, across both performance levels, is presented in Figure 2.


[image: For boxplots showing the relative change in mean number of scans (in percent) for the intervention elite, control elite, inter- vention grassroots, and control grassroots groups. All groups display higher medians from pre- to post-test.]
FIGURE 2
Relative changes in the mean number of scans from pre- to post-test, comparing the control and intervention groups across performance levels. Boxplot with median ± inter-quartile range and whiskers.




3.4 Retention test

The 2-way repeated measures ANOVA (n = 31) reported statistically significant main effects of time (pre- vs. post- vs. retention test; F2,87 = 12, p < 0.001, η2 = 0.21) and condition (control vs. intervention; F2,87 = 23, p < 0.001, η2 = 0.21). The post-hoc test indicated an increase in the mean number of scans in the intervention group from pre- to post-test [pre: 0.86 ± 0.36, 95% CI [0.67; 1.05]; post: 1.47 ± 0.53, 95% CI [1.19; 1.74]; p = 0.004] and from pre- to retention test [retention: 1.47 ± 0.55, 95% CI (1.18; 1.75); p = 0.004]. As previously shown in Table 2, no significant differences were observed in the control group between pre- and post-measurements. Furthermore, no significant changes in number of scans were detected between the post- and retention test in the intervention or control group. However, there were significant differences (post: p = 0.018; retention: p = 0.015) in post- and retention test results between the two groups.

The progression in mean number of scans per game situation from pre- to post- and retention test is illustrated in Figure 3, with comparisons across intervention and control groups (Figure 3A) and performance levels (Figure 3B).


[image: Lines graphs showing the mean number of scans in the intervention and control groups over time (pre-, post-, retention). Graph A depicts intervention and control groups, both of which show an increase in mean scans. Graph B further differentiates by skill level, with elite players showing a greater increase. Error bars indicate variability.]
FIGURE 3
Changes in mean number of scans from pre- to post- and retention test in control and intervention groups (A) and across performance levels (B).





4 Discussion

This is the first study to investigate the effects of a scanning-focused training intervention on scanning behavior in youth female football players. The main finding is that mean number of scans per game situation significantly increased after five weeks of training in the intervention but not the control group. This improvement was maintained in the retention test. However, scanning behavior only improved in the elite but not the grassroots players. After scanning, the percentage of positive subsequent actions was higher in elite compared to grassroots players and in game situations where players scanned, rather than when they did not.

In line with our first hypothesis, the number of scans per game situation increased following the five-week intervention focused on scanning. However, this increase from pre- to post-test was primarily driven by the elite group, as grassroots players did not exhibit any statistically significant improvements. The larger effect in the elite players may be attributed to their generally more superior motor skills, which they developed through a larger training volume across their career. The resulting technical expertise of elite players may facilitate the ability to turn their head away from the ball to simultaneously perceive relevant environmental information for their subsequent actions (32). This suggests that elite players are more likely to engage brain regions essential for task execution in novel and unexpected situations, thereby demonstrating a greater capacity for scanning than grassroots players (33). Neurological adaptations in the cerebral cortex could play a key role in this process, as extensive motor training has been linked to changes in cortical activation (34, 35). The greater neural efficiency in more skilled players (36) may contribute to an enhanced ability to process and regulate motor information and to acquire new skills more rapidly (37). From a practical perspective, grassroots players may initially benefit from motor skill training to develop and stabilize fundamental football-specific abilities before focusing on their scanning behavior. Further research should investigate how individual skill level affects the effectiveness of scanning-focused training.

From a practical standpoint, the increase of 0.55 in the mean number of scans per game situation observed in the intervention group reflects a meaningful behavioral change. In our 4v4 test format, players typically experience approximately 38 ball receptions per test session. This translates to an increase from about 33 scans in the pre-test to 55 in the post-test, equating to roughly 20 additional scans per player. Coaches involved in the study also reported that players became more aware of their surroundings and made decisions more quickly. These qualitative observations support the practical importance of the increased mean number of scans, demonstrating its relevance beyond statistical outcomes.

Interestingly, the control group also exhibited a trend towards improved scanning behavior from pre- to post-test. This may be partly due to natural skill development in young players, as they continue to refine their perceptual and motor abilities over time. Additionally, tactical and technical exercises and games performed as part of their regular training routine may have had a positive influence on scanning behavior, due to incidental learning mechanisms. Moreover, discussions about scanning and participation in the study itself may have raised awareness, contributing to their improved scanning behavior. Although, the hypothesis should be confirmed with a larger sample size, pointing out the importance of scanning may be a time-efficient alternative to extensive and structured training interventions.

The benefits of the scanning-focused training were preserved for at least three weeks longer as still evident during the retention test. Those long-term effects and maintenance of the improvements show that players are able to internalize and consolidate scanning behaviors (38). These findings align with skill acquisition theories that emphasize the importance of representative learning designs in promoting perceptual-cognitive adaptations that are maintained beyond immediate practice (25). However, effects of the scanning intervention beyond the three-week retention period have yet to be determined.

In our second hypothesis, we assumed that an increased number of scans following the intervention would be associated with a higher success rate of subsequent actions. The present study showed a higher percentage of successful subsequent actions in elite compared to grassroots players, which aligns with previous findings (2). However, despite the improved scanning behavior, which is correlated to success and performance outcomes, there was no change in the percentage of positive outcomes from the pre- to post-test, thus not supporting our hypothesis. In fact, there was even a trend towards a decline in the success rate of the subsequent actions in the post-test. As the primary aim of the study was to improve scanning behavior, players may have increased the number of scans even in very challenging game situations, such as under higher opponent pressure. Therefore, the players may have performed more than the optimal number of scans for such high-pressure game situations. Under such conditions, increased scanning may lead to cognitive overload, where the processing of excessive visual information interferes with motor execution. According to the constrained action hypothesis, excessive conscious control over movements, such as through over-scanning, can disrupt automatic processes and reduce performance (39). In our study, the observed trend of decreased success rates despite increased scanning may reflect this phenomenon. It is also important to note that successful actions in football depend on multiple interacting factors, which makes it difficult to directly decipher the effect of scanning behavior on performance. Still, future research should examine the effect of increased scanning in relation to contextual factors, such as opponent pressure or playing position (2, 3, 7).


4.1 Limitations

While the findings of the present study provide valuable insights into the development of scanning behavior in U19 female football players, several limitations should be acknowledged. Firstly, teams were not completely randomly assigned to intervention and control groups. Instead, group allocation was based on team affiliation and regional proximity, which may have introduced selection bias. Secondly, from the original sample size of 61 players, only 36 completed enough training and test sessions to be included in the final data set, which reduces statistical power and generalizability despite significant differences. Thirdly, the study was conducted with U19 female players and future studies have to verify the findings in other age groups and skill levels. Lastly, the retention test was conducted three weeks after the intervention. To investigate long-term sustainability of the observed improvements longer follow-up periods are required.



4.2 Practical implications

The results of this study provide helpful guidance for coaches aiming to promote scanning behavior in young female football players. Since significant improvements were only demonstrated by elite players, the study emphasizes the necessity to actively foster and develop scanning behavior in high-performance settings where perceptual-cognitive skills already play a central role (18). Rather than treating scanning as an isolated skill, coaches should consider it an integral component of overall player development. To support this, training environments should follow the principles of representative learning design. For example, SSGs ensure that the practice task simulates the perceptual and decision-making demands of actual match play (25). Due to their adaptability, SSGs are particularly well-suited to manipulate environmental, individual, or task-related constraints, hence achieve specific tactical learning objectives (40) and provide a variety of options for adapting exercises and game formats. Scanning cues can be added to existing drills to enhance perceptual demands. The flexibility of the proposed game formats (see Table 1) enables coaches to adapt the content to suit their players’ developmental stage and training environment. For elite players who often possess a solid foundation of perception and motor skills, incorporating scanning task into SSGs appears to be an effective method of refinement. In contrast, grassroots players may first benefit from more foundational training in motor control and perception-action coupling before similar interventions produce comparable improvements.

This study aimed to initiate the establishment of evidence-based long-term training methods for scanning behavior in sports. Future research should investigate further age categories to provide a more comprehensive understanding of the development of scanning behavior across the career of female football players. While the game formats and exercises were well received by both players and coaches, the results obtained from the SSGs in the test sessions still need to be confirmed during 11v11 match play.




5 Conclusion

In conclusion, this study demonstrated that a five-week scanning-focused training intervention significantly improved scanning behavior in youth female football players, which was maintained in the three-week retention test. However, improvements were primarily observed in elite players, showing that the skill level affects the effectiveness of such a training intervention. Despite increased scanning behavior, no significant changes in successful subsequent actions were found. For coaches, this emphasizes the value and sustainability of integrating scanning-focused exercises within representative training environments even across a fairly short (five-week) intervention period.
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