Circuit-Specific Performance Evolution in Formula 1: An Anti-Discriminative Analysis of Hungarian Grand Prix Aerodynamic Regulation Impacts (2010-2023)
Munkhjargal Ariunbold
Kodolanyi Janos University, Hungary
 ariunboldmunkhjargal3@gmail.com
ORCID NO: 0009-0000-5927-2121
Laszlo Pitlik
Kodolanyi Janos University, Hungary
pitlik@my-x.hu
ORCID NO: 0000-0001-5819-0319
ABSTRACT
Title: Circuit-Specific Performance Evolution in Formula 1: A COCO Y0 Anti-Discriminative Analysis of Hungarian Grand Prix Aerodynamic Regulation Impacts (2010-2023)
Introduction: This research presents a novel application of COCO Y0 anti-discriminative analysis to evaluate Formula 1 performance evolution through focused circuit-specific examination. Utilizing the Hungarian Grand Prix as a controlled environment, the study investigates how aerodynamic regulation changes transform competitive dynamics while controlling for circuit-specific variables that often confound broader analyses.
Methodology: The study employs a refined Object Attribute Matrix (OAM) framework with 298 complete race entries (objects) from the Hungarian Grand Prix across four regulation eras (V8 2010-2013, Early Hybrid 2014-2016, Wide Car 2017-2021, Ground Effect 2022-2023). Implementation of COCO Y0 anti-discriminative analysis (https://miau.my-x.hu/myx-free/index_en.php3) with baseline genetic potentialnorm-value (Y0=1,000,000) enables fair performance comparison across eras. The methodology incorporates direction-coded attributes (position, points, fastest_lap,_rank grid,_position laps,_completed status, lap_time_seconds, qualifying_time_seconds, regulation_era position, change is_finished, is_classified gap_to_pole_correct gap_to_winner_fastest circuit_type track_length_km) and additive logic to ensure objective evaluation while maintaining mathematical stability through non-negative scoring. Details: https://miau.my-x.hu/miau/327/f1/
Key Findings:
1. Performance Efficiency Evolution: COCO Y0 Similarity analysis reveals the Wide Car era (2017-2021) achieved peak performance efficiency at the Hungarian GP, with 2021 representing the performance zenith (average estimation = 1,000,357). The 2022 Ground Effect regulations caused a 4.9% performance index regression (average estimation = 999,865), indicating initial adaptation challenges. Performance recovery patterns show teams require 2-3 years to optimize new regulatory frameworks.
2. Competitive Balance Dynamics: Analysis of maximum-minimum estimation gaps demonstrates significant relevant improvement in field competitiveness over the study period. The performance gap between top and bottom teams narrowed from 2,550 points in 2011 to 1,711 points in 2023, representing a 32.9% improvement in competitive balance. The Ground Effect era shows promising early indicators of sustained field compression.
3. Team Adaptation Trajectories: Regulation transition analysis identifies distinct adaptation patterns. The Hybrid era (2014) caused the most significant performance disruption (average estimation = 999,913), while teams demonstrated improved adaptation capabilities in subsequent regulation changes. Constructor performance trajectories reveal varying adaptation efficiencies, with some teams maintaining consistent performance across regulatory boundaries while others experienced significant transitions.
Theoretical and Practical Implications: This research makes three primary contributions: (1) It demonstrates the application of anti-discriminative analysis in sports performance evaluation, providing a methodology for fair cross-era comparisons; (2) It establishes circuit-specific analysis as a valuable approach for isolating regulatory impacts from confounding variables; (3) It provides empirical evidence of improving competitive balance in Formula 1, validating recent regulatory directions. The COCO Y0 framework offers motorsport regulators a robust tool for predicting regulation change impacts.
Conclusion: The study conclusively demonstrates that aerodynamic regulation changes produce measurable, circuit-specific performance impacts that follow predictable adaptation patterns. The COCO Y0 anti-discriminative approach provides a robust methodological foundation for future regulatory impact assessment in elite motorsports, enabling evidence-based decision-making for balancing performance innovation with competitive fairness.
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