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Headline

E lite teams collect extensive monitoring data but struggle
to transform these signals into competitive readiness. The

Performance Attribution Index (PAI), based on cooperative
game theory, decomposes win-probability drivers into contri-
bution and limitation factors. Across 4,956 basketball games
and 12,643 football matches, PAI showed improved calibration
and earlier detection of readiness decline compared to stan-
dard metrics, offering clear, interpretable decision support for
high-performance environments.

Aim of the paper
Modern elite sport generates large quantities of monitoring
information. Clubs routinely track fatigue profiles, workload
ratios, and neuromuscular load (e.g., GPS-derived metrics),
all associated with performance variation and injury emer-
gence in team sports[1,2]. Tactical context also shapes match
demands[3]. Yet despite increasingly sophisticated systems,
practitioners still lack a causal and interpretable link between
internal signals and competitive impact.

In most environments, medical, conditioning, tactical, and
analytics departments operate in parallel rather than within
an integrated causal framework. Key decisions may therefore
be made without a shared understanding of why the data sup-
port—or do not support—a given operational choice.

To address this gap, we developed the Performance Attri-
bution Index (PAI), grounded in the FAIR (Factor Attribu-
tion for Impact & Risk) methodology. PAI provides a 0-100
readiness score reflecting the balance between contribution po-
tential (efficiency, tactical alignment, stability of form) and
limitation factors (fatigue, overload, psychological state, con-
textual disadvantage).

This report demonstrates PAI’s practical application in bas-
ketball and football and evaluates whether it improves readi-
ness assessment relative to standard performance indicators.

Design
Retrospective cohort analysis across two professional team
sports.

Methods
Athletes and Data Sources
The basketball dataset included 4,956 NBA games from pub-
licly available sources, involving professional male athletes
competing at elite international level. The football dataset
consisted of 12,643 matches from top-tier European profes-
sional leagues. All datasets were publicly available, fully
anonymized, and consistent with the Declaration of Helsinki.

Statistical Analysis
PAI performance was assessed using calibration curves and
temporal-lag analyses. Attribution stability was estimated
using 1,000 bootstrap resamples. Effect magnitudes were in-
terpreted using standardized mean differences: trivial (<0.2),
small (0.2–0.6), moderate (0.6–1.2), large (>1.2). All anal-
yses followed established magnitude-based inference frame-
works[5,6].

Results
Basketball
PAI detected readiness decline 3.2 days earlier (95% CI:
2.8–3.6) than standard indicators. Athletes in the top readi-
ness quintile achieved a 68% win rate (95% CI: 64–72%) ver-
sus 32% (95% CI: 28–36%) in the bottom quintile (d = 1.15,
moderate-to-large effect).

Football
Top-quintile players exhibited a 61% win probability (95% CI:
58–64%), compared with 35% (95% CI: 32–38%) for the bot-
tom quintile (d = 0.89, moderate effect). Attribution stability
remained high (CV < 12%) even during congested competition
periods.

Discussion
Practical Applications
PAI enables:

• Unified decision-making across medical, performance, and
tactical staff

• Early-warning detection of readiness decline (2–4 days lead
time)

• Causal interpretability showing why a player is in a given
readiness state

• Scenario simulation to support load and recovery strategies
• Improved communication across departments by providing

a single readiness signal

Limitations
• Analyses relied on public data; inclusion of internal GPS

and neuromuscular metrics would improve precision
• Validation is currently limited to elite male professional

contexts
• Match-to-match granularity; daily in-house monitoring

could improve sensitivity

Practitioners can implement PAI immediately by integrating
it into weekly medical–performance meetings, using the attri-
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bution breakdown to identify early limitation factors and plan
individualized load adjustments.
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