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Abstract

This study examined context-dependent behavioural variation and concurrent attacking
output in professional football. Wyscout data covered the 2023/2024 EFL. Championship.
After a data audit, 546 matches contributed 1092 team-match observations and 2182 team-
score-state observations covering at least 5 min. Principal component analysis summa-
rised eight attacking indicators; the defensive-pressure measure combined standardised
advanced regains and reversed PPDA. Duration-weighted team fixed-effects models used
two-way team/match cluster-robust covariance and t-based inference. Behavioural devi-
ations were calculated relative to leave-one-match-out team-season means. Two attacking
components explained 78.7% of variance. Winning was associated with more direct play,
deeper loss locations and lower pressure; losing showed the opposite pattern. Deeper
loss-location deviation was associated with lower xG/90 ( = -0.139, 95% CI -0.210 to
-0.068), lower shot rates and lower penalty-area entry rates. Higher pressure was associ-
ated with higher xG/90 ( = 0.133, 95% CI 0.052 to 0.214), higher shot rates and higher
entry rates. The pressure—xG association depended on the composite weighting and was
mainly attributable to advanced regains. With team fixed effects, deviation models of-
fered negligible explanatory gain over models using original scores. These retrospective
associations describe behavioural variation; they do not establish purposeful adaptation,
causal benefits or prospective predictive value.
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1. Introduction

Sports performance is the product of interacting physiological, biomechanical, psy-
chological, technical, tactical, and environmental influences, rather than a single isolated
capacity. Constraints-based perspectives therefore treat performance behaviour as an
adaptive response to the demands of the performer—environment system, with task and
environmental conditions shaping the solutions that emerge during competition [1-3]. In
professional football, this perspective is especially relevant, because the competitive prob-
lem is continuously changing: venue, score state, opponent strength, and opponent be-
haviour alter the space, time, risk, and action possibilities available to a team. Event-based
performance analysis can quantify behavioural variation at scale, although tactical inten-
tion and physiological regulation cannot be established from event summaries alone.

The football playing style is intrinsically multidimensional. Previous work has dis-
tinguished possession-oriented and direct or counterattacking approaches, as well as
higher- and lower-pressure defensive behaviours [4-8]. Possession itself is not a universal
marker of superiority: its value depends on what follows, where actions occur, and how
opponents constrain progression. Pass direction, progression, pressure, territorial occu-
pation, and the spatial distribution of ball losses and recoveries therefore provide comple-
mentary information [9-12]. Team-quality studies likewise indicate that successful perfor-
mance is expressed through combinations of indicators rather than a single dominant sta-
tistic [13,14].

Context modifies these patterns. Match location, opposition quality, and match status
have repeatedly been associated with changes in possession, technical actions, attacking
behaviour, and ball recovery [15-24]. Teams that are leading may accept less possession
or adopt more direct transitions, whereas trailing teams may assume territorial initiative
and increase pressure. Home teams can also behave more proactively. These responses
are relational: an opponent that presses high, protects a low block, or dominates posses-
sion changes the constraints under which the focal team performs.

Much of the literature treats the playing style as a team-level descriptor and uses
context as a covariate. Two related questions are how far a team departs from its typical
behavioural profile as competitive conditions change and whether those departures coin-
cide with attacking output. Here, behavioural variation denotes an observed difference;
tactical adaptation additionally implies a response to a competitive demand, and effective
adaptation requires evidence of functional benefit. A team-season reference provides a
baseline to assess retrospective within-team variation and does not, by itself, establish ei-
ther form of adaptation. The deviation transformation is evaluated alongside original
scores in models with team fixed effects rather than assumed to provide superior explan-
atory value.

Accordingly, this study analysed event-derived data from the 2023/2024 English
Football League (EFL) Championship. The primary aims were to (i) derive interpretable
attacking-performance dimensions from multivariate event indicators; (ii) construct a
non-redundant defensive-pressure measure; (iii) quantify how venue, score state, oppo-
nent behaviour, and opponent strength were associated with within-team behavioural
variation; and (iv) determine whether behavioural deviations from each team’s typical
profile were concurrently associated with xG, shots, and penalty-area entries. We hypoth-
esised that winning would be associated with more direct and less press-intensive
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behaviour, whereas losing would be associated with higher possession orientation and
pressure. We further expected more advanced territorial behaviour and higher defensive
pressure to be associated with higher attacking output, while making no directional hy-
pothesis for possession directness, because possession can support either control or pen-
etration depending on context. Figure 1 summarises the analytical framework.

Competitive context Observed behaviour Concurrent output
Modeled
association . o '
Venue and score state Possession directness xG per 90 min
Opponent profiles | Loss location Shots per 90 min
Opponent strength Defensive pressure Penalty-area entries per 90 min
A
v
Behavioural deviation Conditional concurrent
association

State score—team reference

Reference: leave-one-match-out team-season mean

Arrows indicate statistical relationships, not temporal order or causation.

Figure 1. Analytical framework. Competitive context was modelled in relation to three behavioural
scores. Score-state values were also expressed relative to leave-one-match-out team-season means
and associated with concurrent xG/90, shots/90 and penalty-area entries/90. Arrows identify statis-
tical model relationships, not temporal order or causation. Both teams were retained within each

match; team and match dependence were addressed in inference.

2. Materials and Methods
2.1. Data Source and Competition Sample

Event-derived performance data were obtained from the Hudl Wyscout platform
(Hud], Lincoln, NE, USA) for the 2023/2024 EFL Championship season [25,26]. The raw
export contained 557 unique match identifiers. Five playoff fixtures played after the 46-
match regular season were excluded, leaving 552 scheduled regular-season matches in-
volving 24 teams.

2.2. Data-Integrity Audit and Reconstruction

The raw workbook stored performance data as team-score-state summaries and, for
most fixtures, in reciprocal team-oriented views. Before inferential analysis, 62 duplicate
metric profiles were identified within affected orientations and collapsed before duration
and score validation. One canonical orientation per match was then selected from the ori-
entations with a summed duration compatible with a complete match (85-115 min, allow-
ing for stoppage time), preferring an orientation without duplicate metric profiles and,
when more than one complete orientation remained, the orientation retaining the most
complete set of distinct score states; remaining ties were resolved alphabetically by focal-
team name. Six goalless matches were represented in only one team orientation; opponent
fields in those records allowed both team observations to be reconstructed. Five regular-
season fixtures lacked a summed duration in the accepted range in either orientation after
duplicate resolution. One further fixture, Ipswich Town-Hull City (3:0, 3 October 2023),
met the duration criterion, but the retained focal-team goal total was two rather than the
three recorded for the fixture. This score-inconsistent fixture was also excluded, without
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imputing the missing events. The final match-level sample therefore comprised 546
matches and 1092 team-match observations. The primary score-state analysis retained
2182 team-state observations covering at least 5 min; a sensitivity analysis used a 10 min
threshold (2050 observations). Duplicate profiles were defined by the exact equality of all
104 focal-team numeric duration and performance fields, excluding team identifiers, for-
mation and possession-rank labels, within a fixture and orientation. The first occurrence
in source order was retained. Score states were drawing, winning and losing; a summary
may combine non-contiguous periods, and its duration does not establish when those pe-
riods occurred within the match. Reciprocal records were used as alternative source ori-
entations, not counted twice. Opponent fields from the chosen orientation supplied the
second team’s observation, with winning and losing reversed. The audit retained 2290
team-state observations before the 5 min filter, and 108 were removed by that filter. Table
1 summarises the data audit and analytical sample.

Table 1. Data-integrity audit and analytical sample.

Item n Decision/Use
Raw unique match identifiers 557 Included five playoff fixtures
Regular-season fixtures 552 Playoffs excluded
Duplicate metric profiles 62 Collapsed before duration/score validation
Fixtures failing duration or score checks 6 Five duration-incomplete; one score-inconsistent
Final retained matches 546 Primary match-level dataset
Team-match observations 1092 Two focal-team observations per match
Score-state observations > 5 min 2182 Primary contextual and attacking-output models
Score-state observations > 10 min 2050 Sensitivity analysis

No missing match summary was reconstructed by statistical imputation. The data-
cleaning and reconstruction procedures are described in Supplementary Section S5, and
the excluded fixtures are documented in Supplementary Section S2.

2.3. Behavioural Indicators and Match Aggregation

Eight attacking indicators were retained: possession percentage, long-pass percent-
age, average passes per possession, defensive-third loss percentage, attacking-third loss
percentage, lateral-pass percentage, forward-pass percentage, and progressive-pass per-
centage. Defensive information comprised the distribution of recoveries across defensive,
middle, and attacking thirds together with passes per defensive action (PPDA), where a
lower PPDA indicates higher pressing intensity. Indicator definitions followed the pro-
vider glossary and established performance-analysis terminology [25,26]. Table 2 summa-
rises the indicators and their analytical roles.

For match-level reconstruction, the count variables were summed across score states.
Percentages derived from counts were recalculated from summed numerators and de-
nominators rather than averaged. The possession percentage, average passes per posses-
sion, and PPDA were aggregated as duration-weighted means. Score-state analyses used
team-state values after duration filtering. Expected goals (xG), total shots, and penalty-
area entries were retained as attacking-output measures and scaled to a 90 min rate for
score-state modelling. For each outcome, rate = 90 x total outcome/duration in minutes.
Regression weights equalled duration; so, short observations contributed less. This repre-
sents an exposure-weighted linear conditional-mean association, not a guarantee of Pois-
son variance or a causal rate difference. Loss-location percentages used all possession
losses as the denominator, and regain percentages used all recoveries. The ratio of sums
was used whenever numerators and denominators were available. The duration-
weighted possession, passes per possession and PPDA were approximations because their
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exact possession-time, possession-count and PPDA-specific denominators were unavail-
able; duration weighting is not generally identical to pooling those denominators.

Table 2. Analytical indicators and interpretation.

Indicator Definition Analytical Role
Possession % Proportion of pure playing time in possession Attacking orientation
Long pass % Long passes as a percentage of all passes Attacking orientation

Passes per possession Mean passes in an open-play possession Attacking orientation
Defensive-third losses % Defensive-third losses as a percentage of all losses Territorial behaviour
Attacking-third losses % Attacking-third losses as a percentage of all losses Territorial behaviour

Lateral pass % Lateral passes as a percentage of all passes Attacking orientation
Forward pass % Forward passes as a percentage of all passes Attacking orientation
Progressive pass % Progressive passes as a percentage of all passes Attacking orientation

Attacking-third regain %

. . . . Component of defensive-
Attacking-third recoveries as a percentage of all recoveries .
pressure composite

Passes per defensive action; lower values indicate higher press- Component of defensive-

PPDA L . -
ing intensity pressure composite
xG/90 Sum of provider expected-goal values, scaled to 90 min Attacking output
Shots/90 Shot count scaled to 90 min Attacking output
Penalty-area entries/90 Penalty-area entry count scaled to 90 min Attacking output

2.4. Behavioural-Deviation Framework

The analysis distinguished a team’s season-level behavioural identity from its score-
state expression. After the league-wide style dimensions were derived at team-match
level, each score-state observation was projected onto the same measurement scale. For
each dimension, a leave-one-match-out season mean was calculated for the focal team so
that the current match did not contribute to its own reference value. The behavioural de-
viation was defined as the score-state value minus this leave-one-match-out team mean.
Positive possession-directness deviation indicated a shift toward more possession-ori-
ented circulation; positive loss-location deviation indicated that losses were distributed
deeper; and positive defensive-pressure deviation indicated higher attacking-third re-
gaining and lower PPDA. The three behavioural-deviation variables were standardised
across the primary score-state sample before the attacking-output modelling. The leave-
one-match-out mean used an equal-weight average of the remaining complete team-
match scores. It removes the direct contribution of the current match but still includes
subsequent matches. PCA, scaling and season baselines therefore constitute a retrospec-
tive description, not information available for live decisions. A raw-score comparison
tested whether the transformation materially changed the model fit.

The framework quantifies differences in observed behaviour, encompassing ordi-
nary within-team variability as well as possible tactical responses. It does not measure
intention, functional appropriateness, adaptation success, energetic cost, internal load,
perceived effort or fatigue. A season mean is a transparent descriptive reference rather
than an empirically validated tactical optimum.

2.5. Statistical Analysis

Statistical analyses were conducted in Python 3.12.14 (Python Software Foundation,
Beaverton, OR, USA) using NumPy 2.3.5, pandas 2.2.3, SciPy 1.17.0 and statsmodels
0.15.0. Continuous variables were standardised where specified. Descriptive values are
reported as the mean + standard deviation or model coefficients with 95% confidence in-
tervals. Random-number generation is described in the Supplementary Material.
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Statistical procedures addressed repeated and dyadic observations; model specifications
and supplementary results are reported in Supplementary Sections S9-520. The libraries
are community-developed open-source software (NumPy: https://numpy.org; pandas:
https://pandas.pydata.org; SciPy: https://scipy.org; statsmodels: https://www.stats-
models.org).

Attacking-performance dimensions. The eight attacking indicators were standard-
ised and entered into principal component analysis (PCA). Sampling adequacy was eval-
uated using the Kaiser-Meyer—Olkin statistic and Bartlett’s test of sphericity. Component
retention was supported by observed eigenvalues and parallel analysis. Retained compo-
nents were orthogonally rotated using Varimax. Component scores were oriented so that
higher possession-directness scores denoted higher possession orientation, and higher
loss-location scores denoted a deeper distribution of possession losses. Match-level com-
ponent scores were standardised, and the same scaling solution was applied to score-state
observations. Each input used its team-match mean and population SD. The sample co-
variance of standardised inputs was eigendecomposed; Varimax rotated the retained
loading matrix. Scores used the corresponding rotated unwhitened principal-component
coefficients (eigenvectors multiplied by the rotation matrix), followed by centring and
scaling with the match-score mean and population SD. The fixed input means, SDs, coef-
ficients and score-scaling constants were applied unchanged to every team-state observa-
tion. Parallel analysis used 1000 independent column permutations and the 95th percen-
tile of each null eigenvalue. Numerical parameters are reported in the supplementary
PCA tables. Only two loss-zone percentages entered PCA, avoiding the exact linear de-
pendence that would arise from including all three; the dependence inherent in composi-
tional percentages nevertheless remains. The label possession-directness summarises this
dataset’s loading pattern rather than a universal tactical continuum. See Supplementary
Section S6.

Defensive pressure. The three regain-zone percentages sum to 100% and are therefore
compositional. Entering all three together in a conventional PCA produces a rank-defi-
cient correlation structure. Defensive pressure was therefore defined a priori as a compo-
site of two indicators: attacking-third regain percentage and reversed PPDA. Their stand-
ardised values were combined with equal weight, and the resulting score was re-stand-
ardised; so, higher values represented more advanced regaining and higher pressing in-
tensity. Specifically, pressure = [z(regain percentage) — z(PPDA)]/(2 x 0.788183088), using
the team-match standardisation parameters. Reversal was a sign change of standardised
PPDA, not its reciprocal. Equal weighting avoids selecting weights to optimise the out-
come association and gives each standardised constituent the same nominal contribution;
it is not a validated physiological weighting. Their match-level Pearson correlation was r
= 0.242. Separate-constituent models tested whether their associations were similar. See
Supplementary Section S14.

Opponent behaviour and strength. For each match, opponent possession-directness
and defensive-pressure scores were calculated as leave-one-match-out season averages.
This prevented the focal match from contributing to its own opponent-behaviour predic-
tor. Opponent strength was represented by the final league rank, reversed and standard-
ised so that higher values indicated stronger opposition. A sensitivity specification re-
placed final rank with opponent points per game accumulated strictly before the match
date, reconstructed from the final score encoded in each regular-season fixture identifier,
including the six fixtures excluded from behavioural analysis. Teams with no preceding
match had undefined PPG; their observations were excluded from that specification. This
alternative removes future information from the strength predictor, not from the other
season-based predictors. See Supplementary Section S15.
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Primary contextual models. Team-score-state observations of at least 5 min were an-
alysed using duration-weighted linear regression. Each model included team fixed effects,
venue (home vs. away), score state (winning and losing, with drawing as reference), op-
ponent possession directness, opponent defensive pressure, and opponent strength. Co-
variance was the two-way CR1 sandwich V(team) + V(match) — V(team x match), using
weighted design-residual scores and the correction G/(G - 1) x (N - 1)/(N - K) separately
for each component. Inference used a Student’s t distribution with min(Gteam,Gmatch)-1
degrees of freedom, equal to 23 in the full sample. Outcomes were possession-directness,
loss-location, and defensive-pressure scores on the match-level SD scale. Benjamini-
Hochberg false-discovery-rate (FDR) correction was applied across the 18 primary con-
textual tests. Match clustering permits arbitrary dependence between opposing teams and
states in the same match; team clustering permits dependence across a focal team’s
matches. It does not cover all possible network dependence between distinct matches that
share an opponent.

Behavioural deviation and concurrent output. Three additional duration-weighted
fixed-effects models used xG/90, shots/90, and penalty-area entries/90 as outcomes. The
three standardised behavioural-deviation dimensions were entered simultaneously with
the same contextual covariates, team fixed effects, and two-way cluster-robust standard
errors. FDR correction was applied across the nine behavioural-deviation tests. Because
behaviour and output were measured within the same score-state period, these models
estimate concurrent associations and are not interpreted as causal or temporally predic-
tive.

Season-level associations and sensitivity analyses. Team-season means for the three
behavioural dimensions were correlated with the final league rank using Spearman’s rho;
95% confidence intervals were obtained from 5000 bootstrap resamples of the 24 teams.
All contextual and attacking-output models were repeated after excluding score-state ob-
servations shorter than 10 min. The percentile bootstrap resampled teams, with 5000
draws; these 24-team associations remained exploratory. Additional sensitivity models
used one reproducibly selected team per fixture, excluded fixtures with any recorded red
card, excluded every fixture involving Leicester City, Ipswich Town or Hull City, and
replaced the pressure composite with its constituents. Poisson log-mean models for shot
and entry counts used log(duration/90) as an offset and two-way robust covariance; Pear-
son dispersion was examined. For nonnegative continuous xG, the same log-mean speci-
fication was fitted using Poisson pseudo-maximum likelihood, without assuming a count
distribution. Duration-weighted xG per shot was analysed only where shots > 0. Raw
scores and team-centred scores were compared with leave-one-match-out deviations. A
null-imposed wild cluster bootstrap by team supplemented the primary two-way infer-
ence; this sensitivity does not preserve cross-team within-match dependence and cannot
replace the two-way analysis [27]. Model diagnostics included weighted residual hetero-
scedasticity, leverage, condition numbers and negative fitted rates. Model specifications
and sensitivity-analysis results are reported in the Supplementary Material. The wild
bootstrap used 4999 null-imposed Rademacher draws, team-cluster CR1 studentisation
and an add-one p-value correction. Negative-binomial NB2 models estimated dispersion
rather than fixing it. Alternative pressure weights were 25:75 and 75:25 for standardised
regains and reversed PPDA, respectively, with each composite rescaled and referenced to
its own leave-one-match-out team mean. A five-fold match-grouped cross-fitting analysis
fitted PCA, scaling, season profiles and contextual models only to training matches, then
formed held-out context-expected residuals. The final outcome models included fold-spe-
cific team and contextual nuisance effects. This is a retrospective comparison: training
folds include later dates, and it is not prospective validation. Supplementary Sections S10—
519 report these analyses.
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3. Results

3.1. Multivariate Structure of Attacking Behaviour

The attacking-indicator matrix showed good sampling adequacy (KMO = 0.836), and
Bartlett’s test rejected sphericity (x? = 6883.3, df = 28, p < 0.001). The first two eigenvalues
were 4.776 and 1.522; both exceeded their permutation-based 95th-percentile thresholds.
They explained 59.7% and 19.0% of the variance, respectively (78.7% cumulative).

The first rotated component contrasted the possession circulation with direct pro-
gression. Higher scores combined more possession, more passes per possession, and a
higher lateral-pass share with lower long-, forward-, and progressive-pass shares. This
component was labelled possession directness, with positive values indicating a more
possession-oriented profile. The second component was dominated by the spatial distri-
bution of possession losses: defensive-third loss percentage loaded positively, whereas
attacking-third loss percentage loaded negatively. Higher values therefore denoted a
deeper loss-location profile. The possession percentage cross-loaded on both components,
indicating shared circulation and loss-location information. Higher loss-location scores
describe where losses were distributed, not territorial control or tactical risk directly. Table
3 presents the rotated component loadings.

Table 3. Rotated loadings for the two-component attacking-performance solution.

Indicator Possession Directness Loss Location Communality
Possession % 0.699 -0.504 0.744
Long pass % -0.892 0.127 0.812

Passes per possession 0.867 -0.263 0.821
Defensive-third loss % -0.081 0.920 0.853
Attacking-third loss % 0.166 -0.894 0.827
Lateral pass % 0.754 -0.142 0.589
Forward pass % -0.924 0.102 0.864
Progressive pass % -0.886 0.062 0.788

Loadings with an absolute value > 0.50 provide the clearest interpretation of each
dimension. Component signs are oriented so that higher possession-directness scores in-
dicate higher possession orientation, and higher loss-location scores indicate a deeper spa-
tial distribution of possession losses.

3.2. League-Wide Season Profiles

Season-average possession directness was associated with the final league position
(Spearman @ =-0.743, 95% percentile-bootstrap CI-0.904 to -0.450, p = 3.14 x 10-). Because
lower rank numbers indicate better finishing positions, more possession-oriented season
profiles tended to occur higher in the table. Defensive pressure showed a similar associa-
tion (o = -0.568, 95% CI —0.815 to —0.158, p = 0.0038). A deeper loss-location profile was
associated with a poorer final position (o = 0.492, 95% CI 0.080 to 0.753, p = 0.0146). These
24-team correlations are exploratory and descriptive; they neither isolate independent de-
terminants of success nor imply that a style dimension caused final ranking. Team profiles
are shown in Figure 2 and reported in Supplementary Section S1.

3.3. Competitive Constraints and Behavioural Variation

The competitive context was associated with substantial within-team shifts in all
three behavioural dimensions after controlling for the team identity, opponent behaviour,
and opponent strength. The venue and score state produced the largest effects.
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Leicester City (1)

Ipswich Town (2) -

Leeds United (3)
Southampton (4)

West Bromwich Albion (5) -
Norwich City (6)

Hull City (7)
Middlesbrough (8)
Coventry City (9)

Preston North End (10) -
Bristol City (11)

Cardiff City (12)

Millwall (13)

Swansea City (14)
Watford (15)

Sunderland (16) A

Stoke City (17)

Queens Park Rangers (18)
Blackburn Rovers (19)
Sheffield Wednesday (20)
Plymouth Argyle (21)
Birmingham City (22)
Huddersfield Town (23)
Rotherham United (24)

Venue. Home teams were more possession-oriented than away teams (3 =0.223, 95%
CI0.146 t0 0.301, q =7.31 x 10-%). Home performance was associated with a more advanced
loss-location profile (3 =-0.882, 95% CI -1.010 to -0.754, q = 6.23 x 10~'?) and more defen-
sive pressure (3 = 0.530, 95% CI 0.404 to 0.655, q =2.03 x 10-8).

Score state. Relative to drawing, winning was associated with lower possession ori-
entation (p = -0.645, 95% CI -0.790 to -0.499, q = 1.01 x 10-8), deeper loss locations (p =
0.741, 95% CI 0.636 to 0.846, q = 6.23 x 107'?) and lower defensive pressure (3 = -0.481, 95%
CI-0.577 to -0.385, q = 1.45 x 107). Losing was associated with higher possession orienta-
tion (3 = 0.444, 95% CI 0.335 to 0.553, q = 3.38 x 10-8), more advanced loss locations (3 =
-0.725, 95% CI —-0.835 to -0.614, q = 1.11 x 107'") and more defensive pressure (3 = 0.591,
95% CI 0.496 to 0.687, q = 2.87 x 10~1). These are adjusted differences between aggregated
team-state observations rather than measured transitions or coordinated responses.

Possession-directness

Defensive pressure

T T T

-1 0 1
Team-season mean (team-match SD)

-0.5 0.0 0.5
Team-season mean (team-match SD)

Figure 2. Season-mean possession-directness and defensive-pressure scores for all 24 EFL. Champi-
onship teams. Numbers in parentheses are final league positions. Scores are standardised at team-
match level. Bars show each team’s mean on the two dimensions separately; full values are in Sup-

plementary Section S1.

Opponent behaviour. Higher opponent possession orientation was associated with
more direct focal-team attack, deeper loss locations and lower pressure. Higher opponent
defensive pressure was also associated with more direct attack, deeper losses and lower
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focal-team pressure. The adjusted coefficients and uncertainty are reported in Table 4.
These conditional relationships do not establish opponent behaviour as an exogenous con-
straint. Figure 3 displays the adjusted contextual coefficients and their confidence inter-
vals.

Table 4. Duration-weighted contextual models for behavioural outcomes.

Outcome Predictor B SE 95% CI P q (FDR)
Possession directness Home 0.223  0.037 0.146 to 0.301 4.06 x10° 7.31 x10°
Possession directness Winning vs. drawing -0.645 0.070 -0.790t0o -0.499 391 x10° 1.01 x 108
Possession directness Losing vs. drawing 0.444 0.053 0.335 to 0.553 1.69 x 10% 3.38 x 108
Possession directness Opponent possession directness -0.124 0.037 -0.200 to -0.048  0.00259  0.00333
Possession directness ~ Opponent defensive pressure -0.187 0.020 -0.227 t0 -0.146  1.97 x 10 5.92 x 10
Possession directness Opponent strength 0.078 0.028 0.020 to 0.136 0.0105 0.0118

Loss location Home -0.882 0.062 -1.010 to -0.754  6.92 x 1073 6.23 x 102
Loss location Winning vs. drawing 0.741 0.051 0.636 to 0.846 4.07 x 1013 6.23 x 1012
Loss location Losing vs. drawing -0.725 0.053 -0.835to -0.614  1.84 x 1072 1.11 x 101
Loss location Opponent possession directness 0.125 0.046 0.031 to 0.220 0.0117 0.0124
Loss location Opponent defensive pressure 0.158  0.032 0.093 to 0.224 4.52x10° 7.39 x10-°
Loss location Opponent strength 0.116  0.030 0.054 to 0.178 0.000794  0.00119
Defensive pressure Home 0.530 0.061 0.404 to 0.655 9.01 x10° 2.03x10%
Defensive pressure Winning vs. drawing -0.481 0.047 -0.577t0-0.385  4.04 x 10-1° 1.45x 10~
Defensive pressure Losing vs. drawing 0.591 0.046 0.496 to 0.687 6.38 x 1012 2.87 x 10
Defensive pressure  Opponent possession directness —0.112 0.044 -0.203 to -0.020  0.0186 0.0186
Defensive pressure Opponent defensive pressure —-0.131 0.035 -0.203to -0.058  0.00116  0.0016
Defensive pressure Opponent strength -0.097 0.031 -0.162 to -0.032  0.0053 0.00636
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Winning vs drawing -

Losing vs drawing -
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Opponent pressure -
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Figure 3. Adjusted contextual coefficients with 95% 23 confidence intervals for three behavioural
dimensions. Outcomes are in team-match SD units. Home is compared with away; winning and
losing are compared with drawing; coefficients for continuous opponent variables represent differ-
ences per 1 SD. Positive possession directness denotes higher possession orientation; positive loss
location denotes deeper losses; positive defensive pressure denotes more advanced regaining and

lower PPDA. Models include team fixed effects and two-way team/match cluster-robust covariance.
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Drawing was the reference score state. Continuous opponent predictors were stand-
ardised. Outcomes were expressed on the match-level SD scale. Models included team
fixed effects and two-way cluster-robust standard errors by team and match, with N =
2182 observations from 546 matches and 24 teams. Confidence intervals and p-values use
t23; g-values use the 18-test Benjamini-Hochberg family. Coefficients for home, winning
and losing are adjusted category contrasts; coefficients for continuous opponent predic-
tors represent differences per 1 SD.

3.4. Behavioural Deviations and Concurrent Attacking Output

Behavioural deviations from the team’s typical season profile were conditionally as-
sociated with the attacking output after adjustment for the venue, score state, opponent
behaviour, opponent strength, and team fixed effects. The strongest and most consistent
associations concerned territorial loss location and defensive pressure.

A 1-SD deeper loss-location deviation was associated with lower xG/90 (3 = -0.139,
95% CI -0.210 to -0.068, q = 0.000762), fewer shots/90 (3 =-1.508, 95% CI -1.875 to -1.142,
q =4.40 x 10-8) and fewer penalty-area entries/90 (3 = —4.525, 95% CI -5.008 to —4.042, q =
8.63 x 10-1%). These conditional concurrent associations do not identify a benefit of delib-
erately changing the loss location.

A larger defensive-pressure deviation was associated with higher xG/90 (8 = 0.133,
95% CI10.052 to 0.214, q = 0.00323), more shots/90 (3 = 1.188, 95% CI 0.834 to 1.543, q =1.02
x 10-¢) and more penalty-area entries/90 (p = 2.244, 95% CI 1.781 to 2.707, q = 3.28 x 107).
Possession-directness deviation was not detectably associated with xG/90 (5 = 0.001, 95%
CI -0.051 to 0.052, q = 0.972) or shots/90 after multiplicity correction (3 = 0.304, 95% CI
-0.061 to 0.669, q = 0.111) but was associated with more entries/90 (3 = 1.220, 95% CI 0.660
to 1.780, q = 0.000285). Table 5 reports the associations between behavioural deviations
and attacking output.

Table 5. Associations between behavioural deviations and concurrent attacking output.

Outcome Behavioural Deviation B SE 95% CI p q (FDR)
xG/90 Possession-directness deviation 0.001 0.025 -0.051t0 0.052  0.972 0.972
xG/90 Loss-location deviation -0.139 0.034 —0.210 to -0.068 0.000508 0.000762
xG/90 Defensive-pressure deviation 0.133 0.039 0.052 to 0.214 0.00251 0.00323
Shots/90 Possession-directness deviation 0.304 0.176 -0.061 to 0.669  0.0983 0.111
Shots/90 Loss-location deviation -1.508 0.177 -1.875to-1.142 1.47 x 108 4.40 x 108
Shots/90 Defensive-pressure deviation 1.188 0.171 0.834 to 1.543 453 x107 1.02x 10
Penalty-area entries/90  Possession-directness deviation 1.220 0.271 0.660 to 1.780 0.000158  0.000285
Penalty-area entries/90 Loss-location deviation -4.525 0.233 -5.008 to -4.042 9.59 x 10716 8.63 x 1015
Penalty-area entries/90 Defensive-pressure deviation = 2.244 0.224 1.781t02.707  7.28 x 10710 3.28 x 10~

Behavioural deviations were standardised; coefficients therefore represent the
change in the outcome rate associated with a 1-SD change in the behavioural deviation.
All three deviations were entered simultaneously. The models also included the venue,
score state, opponent possession directness, opponent defensive pressure, opponent
strength, team fixed effects, and two-way cluster-robust standard errors, with N = 2182
observations, 546 matches and 24 teams in every model. Confidence intervals and p-values
use t23; g-values use the nine-test Benjamini-Hochberg family.

3.5. Sensitivity Analyses

Raising the duration threshold from 5 to 10 min reduced the sample from 2182 to
2050 observations without changing the principal direction of associations (Sections S3
and S4). Excluding red-card fixtures retained 1962 observations from 491 matches and 24
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teams. Excluding all fixtures involving Leicester City, Ipswich Town or Hull City retained
1664 observations from 420 matches and 21 teams. Selecting one team per fixture retained
1091 observations from 546 matches and 24 teams. Using the pre-match PPG retained 2136
observations from 534 matches and 24 teams. Loss location and pressure associations with
the three attacking rates retained their directions across these specifications (Sections 515-
518). Inferential stability was not universal: possession directness and shot rate were as-
sociated after the three-team exclusion (q = 0.0354). Poisson shot and entry models gave
dispersion ratios 1.180 and 1.217; log-mean xG estimates were consistent in direction (Sec-
tion S12). The xG-per-shot analysis included 2029 observations; none of the three devia-
tion coefficients survived its three-test FDR correction (minimum q = 0.060; Section S13).
In separate-constituent models, attacking-third regains were associated with all three out-
put rates, whereas reversed PPDA was not (all q > 0.20). The composite therefore should
not be interpreted as an isolated measure of pressing intensity (Section S14). Raw-score
and leave-one-match-out models produced fitted-value correlations above 0.99996, with
R? differences of —0.000351, —0.000352, +0.000287 for xG, shots and entries, respectively.
Team-mean centring was numerically equivalent to raw scores with team fixed effects.
Cross-fitted context-expected residuals and their corresponding fold-scaled raw scores
were also equivalent after matched nuisance adjustment (maximum fitted-value differ-
ence < 3 x 10713; Section S11). With the 25% regain/75% reversed-PPDA weighting, the
pressure—xG estimate was 3 = 0.058 (q = 0.0873). With the 75% regain/25% reversed-PPDA
weighting, the pressure—xG estimate was 3 =0.181 (q=0.000113). Thus, the xG association
depended on how the defensive composite was defined. Complete negative-binomial re-
sults, alternative weights and inferential sensitivities are in Supplementary sections 510—
S14. Descriptive statistics, correlations, primary covariates, diagnostics and software de-
tails are in Supplementary sections S7-S9, 519 and S20.

4. Discussion

This full-season analysis describes the context-dependent variation in professional
football behaviour. Across 546 complete EFL Championship matches, possession direct-
ness, territorial loss location and defensive pressure differed with the venue, score state,
opponent behaviour and opponent strength. These associations are compatible with a
constraints-based perspective [1,2], but event summaries cannot establish purposeful reg-
ulation. Relating team-referenced deviations to concurrent output provides a descriptive
characterisation; it does not itself establish effective adaptation or superiority over con-
ventional fixed-effects models.

The score-state associations showed a consistent directional pattern. Leading states
were associated with more direct play, deeper losses and lower defensive pressure. Trail-
ing states were associated with higher possession orientation, more advanced loss loca-
tions and higher pressure. Similar scoreline-dependent shifts have been reported for pos-
session and attacking behaviour in elite football [18-20,22,24]. These parallel associations
do not demonstrate temporal coordination between behaviours.

The concurrent-output analysis adds a descriptive association. Periods in which
losses occurred relatively farther from a team’s own goal were associated with a higher
xG, shot rate, and penalty-area entry rate, while periods characterised by more defensive
pressure showed the same direction of association. These findings are consistent with the
practical logic that advanced territorial occupation and aggressive regaining can sustain
access to dangerous attacking zones. They should not, however, be interpreted as evi-
dence that pressing or losing the ball high causes chance creation. The measures were
concurrent, score state is endogenous to match events, and teams may both press more
and generate more attacks because of a third factor such as territorial dominance. Shared
measurement is a further concern: a higher attacking volume creates more opportunities
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both to enter the penalty area and to lose possession high up the field. Loss location de-
pends on possession distribution, opposition pressure and the denominator of all losses.
The analysis therefore cannot isolate an independent territorial mechanism from common
event opportunities. Goals also terminate or change score states, creating simultaneity and
possible reverse causality. Standard field tilt was unavailable; passes to the final third
were not substituted as if they measured the share of final-third possession.

The associations for possession directness were more nuanced. Higher possession
orientation was associated with more penalty-area entries but not detectably with xG/90
or, after multiplicity correction, the shot rate in the primary models. The absence of an
association with the total xG does not establish anything about shot quality. The separate
xG-per-shot analysis identified no association that survived FDR correction and excluded
zero-shot states, limiting the population to which it applies. The performance meaning of
possession remains context-dependent [9,11,12].

The venue was associated with the behavioural profile. Home teams were modestly
more possession-oriented but showed larger shifts toward advanced territorial loss loca-
tions and higher pressure. Opponent behaviour showed additional associations condi-
tional on opponent strength: more press-intensive opponents were associated with a shift
in the focal team toward direct attack and a deeper loss profile, while more possession-
oriented opponents were associated with reduced focal-team pressure. Final rank and pre-
match PPG capture different aspects of opposition quality, and neither measures all con-
textual influences. Two opponents of comparable quality can create different temporal,
spatial, and decision-making constraints.

Methodologically, continuous dimensions describe overlapping characteristics ra-
ther than exclusive playing-style categories. No comparative classification analysis estab-
lished their superiority. The PCA label summarises correlated indicators in this competi-
tion; possession-oriented circulation and progressive passing need not be mutually exclu-
sive tactical choices. Although using only two loss-zone shares avoided exact singularity,
their compositional dependence constrains interpretation. Defensive pressure was an
equally weighted composite of standardised advanced regaining and reversed PPDA,
with modest correlation between its constituents. Its associations with attacking output
were largely attributable to regaining, indicating a broader territorial-defensive construct
rather than uniform evidence for pressing intensity. The near-equivalence of raw-score
and deviation models means that team-referenced centring is primarily an interpretive
device, not an independent explanatory innovation. Context-expected residualisation also
added no information after equivalent covariate adjustment. The pressure-xG association
was sensitive to alternative weighting, further limiting generalised claims about pressing.

Event data identify observable behaviour but not its physiological cost. Future work
could synchronise event and tracking data with physical-load, physiological and percep-
tual measures to test tactical intention, temporal mechanisms and functional benefit [1,3].

4.1. Strengths and Limitations

The study has several strengths. It used a near-complete full-season competition da-
taset, reconstructed both teams within each match, explicitly audited duplicated and in-
complete source records, represented opponent behaviour without current-match leak-
age, controlled for stable between-team differences through team fixed effects, and ac-
counted for dependence at both team and match levels. The behavioural-deviation analy-
sis used a leave-one-match-out team baseline, reducing circularity when defining what
constituted a deviation from the season mean. The principal associations were direction-
ally consistent under a stricter score-state duration threshold.

Several limitations remain. First, event data do not directly capture the team shape,
inter-player spacing, physical load, physiological strain, perceived effort, or tactical
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intention; the dimensions analysed here are behavioural proxies. Second, six regular-sea-
son matches were excluded, because five lacked sufficient summed duration and one had
inconsistent goal totals, leaving Hull City, Leicester City, and Ipswich Town with fewer
than 46 complete matches. Third, the score state is endogenous to match events, and the
attacking output was assessed concurrently with behaviour; causal and temporal inter-
pretations are therefore inappropriate. Fourth, final league rank is an end-of-season
strength measure and cannot represent short-term form or squad availability. Fifth, pro-
vider xG values depend on the provider’s underlying model, which was not re-estimated
here. Finally, the study covers one season of one professional league, and effect sizes
should be replicated across seasons, competitions, and data providers before being treated
as generalisable. Aggregated states may span non-contiguous intervals, preventing relia-
ble adjustment for match minute, substitution timing or exact numerical disadvantage;
excluding fixtures with red cards cannot recover those effects. Duration-weighted PPDA
and possession-based means approximate unavailable denominator-weighted aggre-
gates. Final rank and season reference profiles include future information; replacing rank
with prior PPG does not make the entire pipeline prospective. Two-way clustering with
24 teams remains an approximation, and the one-way team wild bootstrap is complemen-
tary rather than a full two-way small-cluster solution. Cross-match opponent-network de-
pendence may remain. Linear models can produce negative fitted rates and showed re-
sidual heteroscedasticity; robust covariance and nonnegative log-mean sensitivities ad-
dress some, not all, specification concerns. Tactical intention, substitutions, fatigue, for-
mation changes and possession opportunity were not comprehensively controlled. No
operational threshold for a meaningful deviation was validated.

4.2. Practical Applications

Applied analysts can use these dimensions to describe how a team’s observed behav-
iour differs across competitive contexts. Season means and leave-one-match-out devia-
tions are retrospective summaries. Monitoring applications require reference models fit-
ted only to information available before the observation and independent validation of
calibration and usefulness. The present results do not justify prescribing increased pres-
sure, losses farther up the pitch, or numerical deviation thresholds as ways to improve
attacking output.

For integrated performance departments, the event-based outputs provide one de-
scriptive layer alongside tracking, physical-load and perceptual information. Prospective
or intervention-based studies are needed to determine whether changing a behavioural
feature improves performance under specified constraints.

5. Conclusions

Professional football behaviour in the 2023/2024 EFL Championship varied with the
venue, score state and opponent characteristics. Relatively more advanced loss locations
and higher defensive-pressure scores were concurrently associated with higher xG, shot
rate and penalty-area entry rate. Separate-constituent results linked the pressure associa-
tion mainly to advanced regains. The association between defensive pressure and xG was
sensitive to the relative weighting of advanced regains and reversed PPDA within the
composite. Possession-oriented deviation was associated with entries but not detectably
with xG/90 in the primary model. These retrospective associations describe behavioural
variation and attacking output; they do not establish purposeful regulation, successful
adaptation, causal benefits or real-time predictive value.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/sports14110519/s1, Supplementary Material: Methods and
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supplementary results (Sections 51-520; Tables S1-536); Supplementary Code: Executable analysis
scripts, README and pinned software requirements (Reproducibility_Code.zip).
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