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1. Summary of the impact   
 
Research at the University of Bath directly informed changes in practice and policy on the 
assessment, monitoring, and management of growth and maturation in young athletes.  This 
included more than 3,000 premiership football academy players, leading to a 89% reduction 
in maturity associated coach evaluation biases and a decrease of 16% in maturity 
associated player selection biases. This led to a significant reduction in time-loss injuries 
from 10.1 per 1,000 hours to 3.9 per 1,000 hours (62% decrease) in players undergoing a 
growth spurt. These impacts were facilitated by the design and implementation of (1) 
screening programmes and policies; (2) modules within athlete performance and data 
management systems; (3) certified educational programmes and learning resources; and (4) 
evidence-based strategies for managing growth and maturation in young athletes.  
 

2. Underpinning research   
 
Researchers from University of Bath contributing to these impacts include four members of 
academic staff (Dr Cumming, Dr Gillison, 2014-21; Dr Williams, Dr McGee, 2016-21). The 
aims of the research were to: 1) develop and validate non-invasive methods for assessing 
and monitoring growth and maturation in youth; 2) better understand the role of growth and 
maturation in talent identification and development; and 3) design and evaluate applied 
strategies for managing growth and maturation in young athletes, with specific emphasis on 
maturity associated selection biases and injury risk. 
 
Challenges of Individual Variation in Physical Maturity  
Variance in the growth and maturity of children adversely impacts the processes of talent 
identification and development in youth sports, presenting significant challenges for athletes, 
coaches and practitioners. In 2012, the Premier League and Football Association prioritised 
more effective assessment, monitoring and management of growth and maturity as a key 
strategy in their long-term athlete development strategy. In 2015, collaborating with the 
Premier League, its clubs, and industry partners, Bath academics conducted a programme 
of research that supported and enabled the achievement of these objectives.  
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Development of a valid non-invasive method of assessing and monitoring maturation 
In a series of studies (from 2006 to 2020), Drs. Cumming, Gillison et al., integrated 
algorithms for predicting adult stature in youth with North American and UK growth reference 
standards, to create new techniques and protocols to estimate maturational status and 
timing, onset of the pubertal growth spurt, and ‘biological age’ in youth (2.1, 2.2, 2.3). 
Validated against gold standard measures (skeletal age, observed at peak height velocity) 
(2.1, 2.3), these non-invasive methods were found to afford more accurate and reliable 
estimates of maturation status, timing, and the onset of the pubertal growth spurt, than 
existing methods (2.1, 2.3). 
 
Differences in maturation lead to selection biases and injury incidence 
From 2012 to 2020, across multiple sports (football, rugby, dance, tennis), Drs. Cumming, 
McGee et al., identified maturity-associated selection biases that emerge at puberty, 
increase with age, and exist independent of related phenomena (relative age) (2.3, 2.4). 
Further studies, including Dr Williams, elucidated the many physical (size, speed, power, 
strength, momentum) and psychosocial (coach evaluations, self-perceptions) factors and 
mechanisms contributing toward the biases, establishing the evidence base for subsequent 
applied research.  Notably, we were the first to demonstrate an ‘underdog effect’ in academy 
football, whereby late maturing players had to possess more adaptive learning strategies to 
survive in the system, how the timing of maturity and growth spurt adversely impacted 
coaches’ evaluations of match performance, and how the growth spurt more than doubles 
injury incidence and burden in academy football (2.5).   
 
Development, implementation and evaluation of strategies to counter maturity-
associated biases and injury risks 
In 2015, and in collaboration with the Premier League and its member clubs, we pioneered 
research on the practice of bio-banding; demonstrating that maturity matched game formats 
differentially benefitted early and late maturing players via the affordance of novel and 
developmentally appropriate challenges and learning opportunities (2.6).  Research on the 
association between maturation status and injury incidence/burden, also provided the crucial 
evidence base for the application of bio-banding principles in training (2.5).  
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4. Details of the impact   
 
Impact has been achieved at the levels of: (1) national screening programmes and policies; 
(2) modules embedded within athlete performance and data management systems; (3) 
certified educational courses and learning resources; (4) developmental strategies for 
managing growth and maturation in young athletes (bio-banding); (5) reductions in player 
evaluation and selection biases and (6) reductions in injury incidence.  Beneficiaries include 
athletes, coaches, sports science/medical practitioners, governing bodies (Premier League, 
FA., US Soccer,) and professional sports teams (Manchester Utd, Southampton, AFC 
Bournemouth). 
 
1: Policy and practice 
University of Bath research directly informed practice and policy pertaining to growth and 
maturation assessment in young athletes. As part of the Premier League’s Elite Player 
Performance Plan, Dr Cumming chaired (August 2013) an expert advisory panel to “inform 
the league’s policies and practice with respect to the assessment and monitoring of growth 
and maturation in academy footballers” (4.1, 4.2, 4.3). Methods and protocols validated 
through our research were embedded within the league’s subsequent Growth and 
Maturation Screening Programme and accompanying policy and guidance (Premier League 
Youth Development Rules, 106, 209.2, 209.5), impacting more than 3,000 registered players 
at Premier League academies (4.3).  Compliance with league policies is required for all 
registered academies and monitored through an independent audit and accreditation 
process. 
 
2: Assessment and monitoring of growth and maturation 
“Dr Cumming has enabled us to identify a systematic bias towards early maturing players 
within our academy system, …the mechanisms that underpin this bias … and the most 
accurate methods predicting when players enter important phases of development” Dr 
Hawkins, Head of Physical Performance, Manchester United FC (4.8). 
 
University of Bath research transformed how governing bodies and professional clubs 
document, monitor, communicate, and utilise information pertaining to growth and 
maturation, in football and also tennis (4.2, 4.4, 4.5, 4.8-4.10). Supporting the Premier 
League’s ‘Growth and Maturation Screening Programme’, we collaborated with The Sports 
Office Ltd., (between December 2014 and September 2016), to design and embed a ‘growth 
and maturation module’ within the ‘Player Management Application’; a performance and data 
management system monitoring all registered players in Premier League and Category one 
academies (4.2, 4.5). The module affords more reliable and accurate assessment of growth 
and maturity and is now routinely used to (1) assess growth and maturation status, (2) 
generate and access on-demand player and team audit reports, (3) group players by 
maturational bio-bands for training/competition, (4) inform training design and prescription, 
(5) evaluate player fitness and performance relative to age and maturational standards, and 
(6) identify developmental stages associated with greater injury risk (growth spurt) (4.8-
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4.10). Launched in 2016, the module collected over 79,000 maturation data points from over 
11,000 registered academy players aged 9 to 16 years (4.5). 
 
3.  Education 
“As a club, we directly benefitted from Dr Cumming’s involvement in the Premier League’s 
Growth and Maturation Screening Programme.… our academy staff are now more 
knowledgeable and better-qualified to accurately assess, monitor the physical development 
of our players. … make developmentally-informed decisions regarding the identification and 
assessment of talent, and the prescription of individualised training programmes”  Academy 
Head of Sports Science, AFC Bournemouth (4.10). 
 
Societal impact has been achieved through dissemination of maturity specific evidence-
based educational programmes and learning resources for practitioners (4.1,4.2).  Bath 
research informed the design of a certified professional development course on growth and 
maturation in academy footballers. Supporting the Premier League’s Growth and Maturation 
Screening Programme (4.1,4.2) this course has been completed by over 150 league-
registered academy sports science and medical practitioners across 27 clubs. In 2016, we 
designed an equivalent evidence-based educational workshop for the Football Association 
as part of their Advanced Youth Award, which has been delivered to more than 800 
professional coaches.  
 
4. Improved coaching practices and lowered injury burden for athletes 
“Dr Cumming worked with us to pioneer the concept of bio-banding….The success of the 
research collaboration led to the introduction of bio-banding within the Academy games 
programme in 2016”   Head of Elite Performance, Premier League (4.2). 
 
Research on ‘bio-banding’ led to the endorsement of this strategy by the Premier League, 
and its inclusion within the Academy Games Programme in 2015 (4.2). Players and coaches 
at multiple premier league clubs (Arsenal, Manchester United, Brighton, Southampton & 
Bournemouth) now benefit from this practice in training and competition (4.2, 4.8, 4.9, 4.10).  
AFC Bournemouth began to bio-band players’ conditioning programmes in the 2019-20 
season, resulting in a reduction in the occurrence of time loss injuries from 10.1 per 1,000 
hours to 3.9 per 1,000 hours for players during mid-growth spurt; representing a 62% lower 
injury rate (4.10). Southampton also integrated bio-banding across their games programme 
and player evaluation processes, observing 16% and 89% reductions in player selection and 
coach evaluation biases towards more mature players during the 2019-20 season (4.9). Bio-
banding is now being expanded across the globe by professional clubs and governing 
bodies in USA, Switzerland, Scotland, Poland, France, Netherlands, Canada, and Australia, 
and also into other sports such as tennis.  In 2018, US Soccer endorsed bio-banding as one 
of three innovative strategies within its high-performance programme, with investments of 
“$1,500,000” [USD1,500,000] (4.6, 4.7). 
 

5. Sources to corroborate the impact   
 
4.1 Premier League Media releases, accessed 19 December 2019. 
https://www.premierleague.com/youth/elite-performance;  
https://www.premierleague.com/news/58833 
 
4.2 Letter of support from Head of Elite Performance. Premier League, 30 January 2020. 
 
4.3 Premier League Youth Development Rules, 2019/20. 212.5 P. 45, P.70. 
 
4.4 Letter of Support from Head of High Performance Science & Medicine Lawn Tennis 
Association, 27 July 2020. 
 
4.5 Letter of support from Head of Client Services at The Sports Office Ltd, February 2020.  
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https://www.premierleague.com/news/58833
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4.6 US Soccer: Media Release, 5 April 2018. https://www.ussoccer.com/stories/2018/04/us-
soccer-introduces-bio-banding-initiative 
 
4.7 US Soccer Annual General Meeting Book of Reports, 8-11 February 2018, p.12-13 
https://www.flipsnack.com/ussoccer/2018-u-s-soccer-agm-book-of-reports.html - Publicly 
available. 

 
4.8 Letter of support from Head of Performance. Manchester United FC. Growth and 
maturation, how does it inform the training. Les Parry, Elite Player Performance Manager, 
Manchester United FC, 1 February 2020.  https://fellows.aspire.qa/View.aspx?id=10497 
 
4.9 Letter of support from Head of Sport Science. Southampton FC, 28 December 2020. 
 
4.10 Letter of support from Head of Academy Sports Science and Medicine. AFC 
Bournemouth, 11 February 2020.  
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