Appendix: Structured Summary Statements
What is already known on this topic
Head-impact monitoring in sport relies predominantly on peak kinematic measurements — particularly peak linear acceleration and peak rotational velocity — to describe recorded events. These measures are well validated as indicators of overall impact intensity, but they compress the full waveform to a scalar and discard structural, temporal, and frequency-domain information. The primacy of rotational kinematics in brain injury mechanics is well established, yet field monitoring studies typically report rotational velocity as a parallel scalar rather than examining its relationship to translational motion within each event. 
What this study adds
The Impact Feature Space (IFS) provides a multidimensional representation in which each recorded head-motion event is described across multiple mechanical domains simultaneously. Peak kinematic metrics and IFS structural features are mutually non-predictive: 55.3% of IFS structural variance is mathematically orthogonal to the entire traditional feature set, established across the full dataset of 4,402 events. This orthogonality — not the classification result — is the primary finding; it confirms that peak metrics and IFS features capture different mechanical properties of the recorded signal and that neither can be derived from the other. In a subsequent applied illustration restricted to gameplay periods, peak metrics alone perform at chance (ROC-AUC ~53–56%), while IFS features achieve 73–74% AUC consistently across two algorithm families. 
How this study might affect research, practice or policy
The results establish that waveform structure and peak magnitude are mutually non-predictive characterisations of head-motion events — neither can be derived from the other. This has implications for how field monitoring datasets are analysed, how artefact events are identified, and how individual exposure is characterised over time. The IFS can be computed real time and provides a foundation for future studies linking waveform features to clinical outcomes.

