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The aim of this study was to investigate the impact ball recovery Received 24 June 2025
tactics had on attacking performance in women'’s football. As such, Accepted 1 September 2025

in this study (n=19,040), occurrences of open-play possession KEYWORDS

regain events in professional women’s football across professional Transitions; soccer; turnover:
European leagues were analysed. A Bayesian Network model was regain; Bayesian Networks
applied to the data and the results revealed some unique insights.

Organised pressing was revealed to be effective throughout the

pitch but its pay-off mainly depends on where the ball is won.

Successful pressing occurrences that resulted in the regaining of

possession in the attacking right-hand side of the playing surface

produced the highest likelihood of creating goal-scoring chances.

Furthermore, the results of this study revealed that interceptions

are the dominant recovery method, especially in central zones and

tackling becomes more influential in wide areas of the pitch. In

addition, this study revealed that team quality and recovery

method both influenced outcomes, but only indirectly via their

effect on regain location, while venue has no detectable impact

on possession outcomes. Whilst this study did discover some similar

trends in ball recovery patterns to those discovered previously in

men'’s football, some unique findings specific to women'’s football

were also discovered.

1. Introduction

In recent years, there has been quite a lot of academic interest on the tactical performance
aspect of possession regains in football (soccer) and how this strategy can influence
general attacking and defensive performances (Hughes & Lovell, 2019; Ivan-Baragaiio
et al., 2021; Jamil, 2019; Oliva Lozano et al., 2025). One of the reasons for this increased
level of attention is because possession regains that occur in open-play can often initiate
what are commonly referred to as offensive or defensive transitions depending on
whether the ball has been won or lost (Jamil, 2019; Maneiro et al., 2019; Vogelbein
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et al., 2014). Specifically offensive transitions refer to any technical and tactical actions
a team makes after regaining possession of the ball in order to take advantage of the
opponents collective re-organisation — a time when the opponent themselves will be in
a defensive transition (Maneiro et al., 2019). The tactic of the “counter-attack” is also
a type of offensive transition that has been revealed in previous studies to be an effective
means of creating goal scoring opportunities, further highlighting the importance of
regaining possession of the ball (Sarmento et al., 2014). Previous research examining the
performance aspect of possession regains have discovered contrasting results with regard
to how effective this strategy can be and the locations on the playing field where these
occurrences are most frequent. Whilst some research has discovered possession regains
that occur closer to the opponents goal are most effective with regards to creating goal
scoring opportunities (Hughes & Lovell, 2019; Jamil, 2019), other research has discov-
ered possession regain instances that occur deeper in their own (defensive) half of the
pitch are more productive (Almeida et al., 2014; Barreira et al., 2014; Gomez et al., 2012).
Part of the reason for these mixed results is because different teams will use the posses-
sion regains (and the resulting offensive transitions) in different ways (Maneiro et al.,
2019). Some teams will adopt a more direct and rapid offensive transition in search of an
immediate goal scoring opportunity, whereas other teams will adopt a more patient and
more elaborate offensive transition as they look to gradually build an attacking oppor-
tunity (Maneiro et al., 2019).

There are however, two things that seem to have been relatively ignored in previous
studies on this performance aspect of possession regains. Firstly, there hasn’t been too
much attention awarded to the specific movements of players just prior to open play
possession regain instances and how these movements often trigger the possession
turnover and thus initiate the offensive transition. For the purposes of this study, these
specific player movements will be referred to hereafter as organised pressing movements
(OP). This action of organised pressing is defined as a direct movement by a player (or
players in unison) towards an opponent in possession of the ball or the opponent who
would be the potential receiver of a pass. Secondly, there appears to be very little research
on how OP movements can initiate ball recoveries in women’s football and how effective
the resulting possession regains can be with regard to initiating offensive transitions. This
is somewhat surprising given that there are proven gender differences between men’s and
women’s football with regard to physical, technical and tactical performance (Bradley
et al., 2014; Casal et al., 2020; Pappalardo et al., 2021).

Women’s football is rapidly growing in terms of popularity and is becoming an
internationally competitive sport (Scanlan et al., 2020). Consequently, female participa-
tion in the sport has been steadily increasing for some years now at both grassroots and
professional levels (Harkness-Armstrong et al., 2022). The rapid growth of women’s
football has been elicited by numerous factors such as the formation of professional
women’s leagues, increased television coverage of league fixtures and international
tournaments, more extensive and more positive media coverage and a growth in parti-
cipation (Griffin et al., 2020; O’Donoghue & Beckley, 2023; Petty & Pope, 2019).
Burgeoning investment in women’s football and particularly in performance-based
research has also played a part in enhancing the professionalism of the sport and
decreasing of the performance gaps between male and female football (Griffin et al.,
2020). Some of this performance-based research has been focussed on physical
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performance (Datson et al., 2019; Griffin et al., 2020; McCormack et al., 2015; Vescovi &
Falenchuk, 2019), whilst other research has focussed more on tactical and technical
performance (Kubayi, 2022; Kubayi & Larkin, 2020; Lopes et al., 2025; Mara et al,,
2012; O’Donoghue & Beckley, 2023; Scanlan et al., 2020; Wang & Qin, 2020).

Whilst some of these studies have examined important tactical and technical aspects of
performance such as the importance of ball possession as well as the creation of goal
scoring opportunities in women’s football (Kubayi, 2022; Kubayi & Larkin, 2020; Mara
et al.,, 2012; O’'Donoghue & Beckley, 2023), there is relatively little research tactical aspects
of play such as, the open-play turnovers of possessions, their causes and the most frequent
locations in which they occur in women’s football. Furthermore, what is also lacking in
research on women’s football (and lacking depth in men’s football) is how specific player
movements in the form of organised pressing tactics can facilitate a recovery of possession
in open-play and thus initiate these transitions. Although some studies have specifically
examined high-pressing strategies in men’s football they too have discovered some con-
trasting results. On one hand, it has been advised that teams should adopt a high-pressing
strategy sparingly or only in cases where they have numerical superiority (Low et al., 2018,
2021). Whilst other research has discovered high-pressing strategies to be particularly
effective (Jamil, 2019). Although Jamil (2019) did caution that the evaluation of this type
of strategy should be assessed on a case-by-case basis as successful implementation of it
depends largely upon the abilities of the players available.

Taking the points raised above in to consideration, this study will exclusively focus on
elite-level women’s football and specifically examine 19,040 instances of OP movements
that led to successful ball recovery. Specifically, this study will examine the outcome of
the ball recovery instigated by OP, the location in which ball recoveries and thus OP
occurred and the method of ball recovery. This study will therefore explicitly examine
how the factors above as well as factors such as venue (match location) and league
standing of teams can impact attacking performances in women’s football.

2. Methods
2.1. Design and data

In this retrospective study, a total of (n = 19,040) instances of successful OP were analysed.
The outcome of each instance was recorded as either “possession lost”, “possession
maintained non-progressive” or “possession maintained progressive”. Possession lost
referred to cases where the team/player regaining the ball were unable to play a single
successful pass to a team-mate due to them immediately surrendering possession (by either
kicking the ball out of play or losing it to an opponent). In these cases, the team regaining
possession of the ball had no controlled possession of the ball immediately after the
turnover of possession occurred. Possession maintained non-progressive referred to
cases where the team/player regaining the ball were able to play at least one successful
pass to a team-mate and therefore enjoy some controlled possession of the ball, but that
spell of possession did not result in a goal scoring opportunity. This would have included
cases where teams passed the ball multiple times following the turnover of possession
before eventually winning a foul for their team or eventually surrendering possession back
to their opponent (by either kicking the ball out of play or losing it to an opponent).
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Figure 1. The 6 playing zones where all organised pressing instances were recorded.

Possession maintained progressive referred to cases where the team/player regaining the
ball were able to play at least one successful pass to a team-mate and therefore enjoy some
controlled possession of the ball, with that spell of possession eventually resulting in a goal
scoring opportunity. This would have included all instances where a spell of possession
immediately after a ball recovery instance eventually led to a shot off target, a shot on target
or a goal being scored.

The sample consisted of a total of 264 matches from the Women’s Super League
(England) and the Division 1 Féminine (France). All matches took place in the
2021/2022 season and the entire season of each league was originally selected for
analysis. Ultimately, a total of 2 games from the Division 1 Féminine were removed
from the sample as the video footage was corrupted, not allowing a complete
analysis. This resulted in a final sample of 262 matches. All matches were down-
loaded from the platform Wyscout (Chiavari, Italy) and all matches were manually
coded on Hudl Sportscode version 11.4 (Lincoln, NE, U.S.A.). All matches were
coded originally by three coders with 1-3 years of experience. A fourth coder, with
over 10 years of experience was then tasked with conducting inter-operator relia-
bility checks on the data collected. The playing surface was divided in to six roughly
equal sized zones as illustrated in Figure 1. In cases where possession regains
occurred on a border region, all three of the original data collectors came to
a unanimous decision with regard to which one zone the possession turnover
should be attributed to. Each coder was limited to a maximum of six games
a day as a means of quality control. In addition to ball recovery location, data
was also collated on the type of recovery (tackle or interception), the league
standing of the opponent at the time of the fixture as a measure of opponent
quality and the venue of the fixture.
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2.2. Reliability testing

Reliability analysis was conducted akin to Jamil et al. (2020) and therefore consisted of
two phases:

Phase 1 — All 19,040 successful OP movements instances that resulted in a possession
regain from open play were initially recorded by a team of data collectors (C1). Intra-
observer reliability testing occurred 4-6 weeks later on a random sample of 392 posses-
sion regains (C2).

Phase 2 - Inter-observer reliability was then also conducted a further 16 weeks after
phase 1 reliability and was completed by an independent operator who was observing OP
instances from the sample for the first time (C3). For this phase, 392 possession regains
were again selected with 20% of these (78 OP instances) randomly selected out of the 392
OP instances observed during C2 and a further 314 OP instances randomly selected from
the remaining 18,648 possession regain instances observed during C1. Sample sizes of
392 possession regain instances for the test-retest phases detailed above were determined
by Slovin’s formula (Equation 1) with a 5% error as used by (Jamil et al., 2020). The
weighted kappa statistic was calculated as a means to test the inter-observer reliability of
the data collection procedure as recommended by Jamil (2019). The interpretation of
kappa values obtained was as follows: <0 less than chance agreement; 0.01-0.20 poor
agreement; 0.21-0.40 fair agreement; 0.41-0.60 moderate agreement; 0.61-0.80 good
agreement; 0.81-0.99 almost perfect agreement (Jamil, 2019; Liu et al., 2013). The kappa
value for the intra-observer reliability (C2) was 0.9782 for the zone of the possession
regain (only 7 discrepancies) and 0.9938 for the type of possession regain (only 2
discrepancies) indicating a high level of agreement (almost perfect) between the (Cl)
and (C2) coding attempts. The kappa value for inter-observer reliability was 0.9907 for
the zone of the possession regain (only 3 discrepancies) revealing a very high degree of
agreement between (Cl) and (C3). The kappa value for inter-observer reliability was
0.9969 for the type of possession regain (only 1 discrepancy), also revealing a very high
degree of agreement between (C1) and (C3). Overall, the reliability results revealed
consistency and very high accuracy in the recording of the zones in which OP events
occurred and the types of regains. Ethical approval for this study was obtained by the
ethics committee of the local institution.

N
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2.3. Bayesian network modelling

We use Bayesian network (BN) modelling to examine how the outcome of the ball
recovery (lost, non-progressive or progressive) is affected by the regain zone area
(zones 1-6), the method of ball recovery (interception or tackle), league standing (top
half or bottom half) and match venue (home or away). A BN is a graphical statistical
model that captures dependencies among a set of variables and enable probabilistic
inference among them. It captures not only the direct effect of each variable on
a particular outcome variable (here, possession regain outcome) but also how various
factors influence one another and interact to produce different results (e.g. does
league standing affect the likelihood of regaining possession directly, or is the effect
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mediated by the area in which the regain occurred?). Additional advantages of BN’s
include their natural handling of uncertainty - ideal for simulating “what-if” coaching
scenarios, their ability to model multiple outcomes simultaneously and the possibility
to incorporate expert insights into the graphical structure of the model (e.g. from
coaches or performance analysts). Given these strengths, BN’s have been widely
adopted across a variety of disciplines (for a detailed examination of case studies,
see Pourret et al., 2008). Within sports science, BNs have gained traction, for
example, in analysing performance metrics (Ruiz-Pérez et al., 2019), assessing injury
risk (Olmedilla et al., 2018) and predicting football match outcomes (Constantinou
et al., 2012).

Bayesian networks are composed of nodes and edges. Each node in the network
corresponds to a random variable (e.g. possession regain outcome). Directed edges
between nodes indicate dependencies: the parent node (edge origin) can influence the
child node (edge arrow), and these interactions are quantified by conditional probabil-
ities (Russell & Norvig, 2021). At its core, a BN encodes the joint probability distribution
of all variables, enabling probabilistic queries about any subset of these variables. For
example, once the network is developed, it can estimate the likelihood of a progressive
possession regain outcome given a particular regain method and regain zone area,
expressed as Equation 2 below:

P(possessionregainoutcome = progressive|regainmethod = tackle, regainzonearea = 5)

(2)

Such probabilistic inference capabilities would enable coaches to explore and simulate
how various tactical adjustments might affect team performance. Besides, the network
structure provides insights into how the variables interact and influence each other.
Constructing a BN involves two main steps:

(1) Determining the structure of the BN: This includes identifying which variables
should be connected by edges and the direction of these edges. For example, one
needs to determine whether league standing and regain zone area are connected,
and if so, which variable influences the other. The BN structure can be defined by
a domain expert, learned entirely from the data or derived from a combination of
both. In this study, the structure was learned exclusively from the dataset without
incorporating any expert or prior knowledge, using the hill-climbing method
(Russell & Norvig, 2021) with the Bayesian Information Criterion (BIC) score.
However, to respect realistic constraints and domain logic, we imposed the
following conditions on the learned structure: (1) no edges originating from
possession outcome, ensuring it acts as the target variable in the model; (2) no
edges pointing to venue or league standing, reflecting that these pre-match con-
ditions cannot be changed by in-match events; and (3) no edge from regain
method to regain area zone, recognising that regain area zone is not determined
by how possession is regained. In line with recommendations by Scutari and Denis
(2021), the BN structure was validated using a bootstrap-based strength analysis.
Specifically, we generated 1,000 samples with replacement from the original
dataset and estimated a BN for each sample. Edges that were present in more
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than 85% of these bootstrapped BN models were retained, and edge directions
were adopted if they appeared in more than 50% of the bootstrapped models.

(2) Learning the model parameters: Once the structure is fixed, the conditional
probability tables (CPTs) for the nodes are estimated. Each CPT represents the
probability distribution of a node given the values of its parent nodes. In our
analysis, we derived these tables via maximum likelihood estimation using the
available dataset.

The model structure is presented in Figure 2. All analyses were performed in R Statistical
Software (v4.4.2; R Core Team, 2024), with BN modelling implemented using the bnlearn
package (v5.0.2).

3. Results

The results of this study revealed that only the zone in which the possession regain
occurred (regain area zone) directly impacted the possession outcome (as implied by the
model structure in Figure 2). League standing and the method of possession regains
indirectly affected possession outcome through the regain area zone; once the regain area
was known, they provided no additional information regarding possession outcomes.
Venue was revealed to have no impact (directly or indirectly) on possession outcome.
As revealed in Figure 3, possession regains that occurred close to the subject teams’
own goals had the highest probability of being non-progressive possession spells, with
central zone regains in the defensive half having the highest probability. Conversely,
possession regains that occurred in the opponent’s half had higher probabilities of being
progressive possession spells, with the wide right zone being revealed as having the

League Standing

Regain Area Zone

Possession
Outcome

Regain Method

Figure 2. Learned Bayesian network structure.
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Figure 3. Estimated conditional probability distribution of possession regain outcome given zone area.

highest probability. In addition, top-half teams were revealed to have slightly higher
probabilities of progressive possession spells following a regain, than bottom half teams
who were also revealed to have higher probabilities of non-progressive possession out-
come (Figure 4).

Furthermore, both bottom-half and top-half teams were revealed to have the
highest probability of regaining possession of the ball in the central zone in their
own half (Figure 5). With regard to method of regain (Figure 6), both tackling
and interceptions were revealed to have an equal probability of impacting posses-
sion outcomes (0.72 non-progressive and 0.21 progressive, 0.007 lost). The results
revealed in Figure 7 reveal a much higher probability of regains occurring via
interceptions in central zones, with the highest probability revealed to be in the
central zone of opponent’s half. Tackling as a method of regaining the ball was
revealed to have a higher probability of occurrence on the wings, particularly on
the defensive left side. Whilst this study did discover some similar trends in ball
recovery patterns to those discovered previously in men’s football, some unique
findings specific to women’s football were also discovered.

4. Discussion

This study sought to investigate how organised pressing movements (co-ordinated and
deliberate) tactics in elite women’s football can elicit mistakes from opposing players
leading to their surrendering of possession. By modelling the conditional dependencies
among regain method, regain area zone, league standing, venue and possession regain
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Figure 4. Estimated conditional probability distribution of possession regain outcome given league
standing.

outcome with a Bayesian Network, we uncovered influence pathways that would have
been obscured by statistical univariate or multivariate regression techniques, typically
employed in sports analytics. The results revealed that OP movements work effectively in
both halves of the playing field in terms of regaining and maintaining possession of the
ball. However, the results also revealed that only the zone in which the regain occurred
directly impacts the possession outcome. Interestingly, league standings and the method
of possession regains impacted possession outcomes only indirectly through their effect
on the regain zone.

The results of this study revealed a higher probability of non-progressive possession
regains occurring in the central zone of the defensive half of the playing field. This
finding does conform somewhat to previous research in men’s football where it has been
discovered that teams often deploy compact, deep-defending styles of play, that involve
deliberately waiting until the ball is located in deeper positions before making concerted
efforts to recover it (Almeida et al.,, 2014; Cooper & Pulling, 2020; Low et al., 2018).
However, interestingly, this study has revealed that these regains have a high probability
of being non-progressive. This could be partly explained by the distance between the
attacking team (team that just won possession) and the opposing goal and the likely
greater number of defenders in between the ball and the opposing goal (Casal-Sanjurjo
et al., 2020).

This study also revealed a higher probability of possession regains resulting in
progressive possession outcomes on the attacking right-hand side of the playing field.
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Figure 5. Estimated conditional probability distribution of zone area given league standing.

This result also conforms to similar results discovered in men’s football where a strong
relationship has been discovered between regaining the ball close to the opponents goal
and successful attacking outcomes (Hughes & Lovell, 2019; Jamil, 2019); however, these
results from previous studies have suggested regaining the ball in central zones close to
the opponents goal is most effective (Wright et al., 2011). Conversely, the results of this
study reveal that possession regains that occur on the right-hand side of the playing field
(zone 6) have the highest probability of resulting in progressive possession outcomes that
result in goal-scoring opportunities. This could be partly explained by the voluntary (or
involuntary) use of inverted full-backs or inverted wingers (Plakias et al., 2023).
Furthermore, this finding could be partly explained by teams adopting a strategy of
deliberately targeting opposing players performing in wide defensive positions as
a trigger for their press (Jamil, 2019). However, this particular finding requires further
research.

The results of this study also revealed that top-half teams had a higher probability of
regaining possession that then went on to result in progressive possession outcomes and
a lower probability of regains that resulted in non-progressive outcomes. This result is
perhaps not too surprising as better-ranked teams have been revealed in previous studies
to be more proficient at regaining possession of the ball, regain it quicker and regain it
closer to the opponents goal (Low et al., 2021; Santos et al., 2017; Vogelbein et al., 2014).
This study also revealed interceptions to be much more likely to occur than tackling as
a means of regaining possession in all areas of the playing field, conforming with previous
research in men’s football (Cooper & Pulling, 2020). Furthermore, this study has revealed
a higher probability of interceptions occurring in the central areas of both halves of the
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Figure 6. Estimated conditional probability distribution of possession regain outcome given regain
method.

playing field. This result is consistent with previous research investigating gender differ-
ences in football, where it has been discovered that interceptions occur more frequently
in both halves of the playing field in women’s football relative to men’s football (Casal
et al,, 2020). It has been suggested that the greater number of interceptions across the
playing field in women’s football is indicative of the lack of ball control in real game
situations, relative to men’s football (Casal et al., 2020).

The results of this study revealed a higher probability of tackling being used as a means
of possession regain in wide areas of both halves of the playing field. There is some
similarity here with findings discovered in men’s football where it has been revealed that
tackling occurs most frequently in the full-back positions (Ermidis et al., 2019). However,
the results of this study also reveal that tackling is an effective means of ball recovery in
wide areas of the attacking half. This could be partly explained by the greater number of
ball losses in women’s football (Bradley et al., 2014), which naturally means a greater
number of opportunities for ball recovery in the opponent’s half in women’s football
(Casal et al., 2020).

This study was not without limitations. Although all OP instances were
recorded in only one of the six playing zones, there were some occasions where
an OP was initiated in one zone, but then continued into and was completed in
another. On these occasions, the ball recovery instance was recorded as having
occurred in the zone where it was initiated. In addition, although every attempt
was made to maintain six roughly equally sized zones, there were no visible
markings on the playing surface identifying these (horizontal) zones. It is
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Figure 7. Estimated conditional probability distribution of regain method given zone area.

therefore possible that some OP instances that occurred on bordering zones were
interpreted to have occurred in different zones by the coders. To limit the impact
of this, all coders were advised to flag OP instances that were considered to have
occurred on these bordering zones and then come to a unanimous agreement with
regards to which zone to assign the OP occurrence. Furthermore, previous
research has discovered that factors such as match status can impact ball recovery
patterns (Vogelbein et al., 2014) and this data was absent from the data analysed
in this study. Future research focusing on OP tactics and ball recovery patterns
should explore a wider range of variables which may better account for the
specific situational context. In addition, data on the exact distances players
travelled to attempt a press was absent and this too could add value in future
research. Finally, although BNs can uncover plausible causal links (e.g. “regain
zone” -> “possession outcome”), this advantage rests mainly on the sufficiency
assumption — that is, all relevant variables capable of influencing the outcome is
represented and must be included in the model. Our parsimonious model left out
several potential influencing variables, including, for example, match status as
mentioned above. Future studies should add such factors to enrich the network
structure reported here.

From a practical perspective, the findings of this study could inform recruitment
strategies in elite women’s football as wide players with good tackling attributes and
central players with good anticipation and intercepting ability could be sought to help
successfully implement an effective OP strategy. Furthermore, the results of this study
could encourage more team managers to adopt and implement OP philosophies and
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playing styles as they have been discovered to be an effective means of regaining and
then maintaining possession of the ball, with regains further up the playing field more
likely to result in progressive possession outcomes that lead to goal scoring
opportunities.

5. Conclusion

The key findings of this revealed that organised pressing was revealed to be
effective throughout the pitch but its pay-off mainly depends on where the ball
is won. Successful pressing occurrences that resulted in the regaining of posses-
sion in the attacking right-hand size of the playing surface produced the highest
likelihood of creating goal-scoring chances. Furthermore, the results of this study
revealed that interceptions are the dominant recovery method, especially in cen-
tral zones and tackling become more influential in wide areas of the pitch. In
addition, this study revealed that team quality and recovery method both influ-
enced outcomes, but only indirectly via their effect on regain location, while
venue has no detectable impact on possession outcomes. Whilst this study did
discover some similar trends in ball recovery patterns to those discovered pre-
viously in men’s football, some unique findings specific to women’s football were
also discovered.
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