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Background: Increases in high-intensity locomotor activity of match play have been recorded in elite soccer. This places an onus on 
academy practitioners to develop players for the future demands of the game. At an academy level, locomotor data are not available for 
analysis over a longitudinal period, and thus changes can only be assessed with physical attribute assessment. The aim of the present 
study is to establish if changes in physical capacity were observed in a professional Scottish soccer academy over a ten-year period.
Methods: A retrospective analysis was completed where linear mixed effect (LME) models were individually fitted to explain 
variation across each measure of physical capacity. Model selection was undertaken with likelihood ratio tests where the initial 
complex models were compared to simpler nested models to arrive at the final model by maximum likelihood.
Results: The main findings were that most recent players' sprint test data revealed a significant improvement in 5m, 10m and 
20m sprint performance, greater increases in CMJ performance in older age groups, and greater increases in YYIR1 performance at 
U13 and U14. Most physical results showed increased performance with greater relative height and weight.
Conclusion: Players recruited more recently to academies are fitter than they were previously. Reference values within clubs that 
establish first team requirements will contribute to appropriate planning and implementation of training.
Keywords: player development, first team transition, talent development, soccer, football, physical profiles

Introduction
Professional soccer academies aim to optimise the early detection and development of young players.1,2 Talent 
identification practices are well established in soccer, as coaches and practitioners aim to utilise information regarding 
sociological, psychological, physiological, and physical development to inform recruitment and progression of young 
soccer players.3 There is, however, a lack of longitudinal assessment to consider the validity of these practices across an 
academy cohort.4,5 Previous research has identified physical differences between those in a professional academy and 
recreational academy players, highlighting the influence of physical attributes on successful progression.6 Additionally, 
physical differences have been shown between selected and non-selected international U14–U17 players.7 Despite the 
influence of physical attributes on success of academy players, there is limited evidence of this across an academy life 
cycle.8 The influence of physical attributes on achieved level is also reflected in senior professional soccer where various 
physical differences exist between higher ranking and lower level teams.9,10 Male elite soccer has observed a significant 
increase in locomotor demands at high intensities in recent years through analysis of physical match data11,12 and 
physical testing results10 whilst also showing increased technical development.11 In youth players technical proficiency is 
correlated with physical fitness12 and greater distances covered at high-speed running within academy small sided 
games.13 There is further acknowledgement that the future of soccer will see increased locomotor demands and the 
associated increased physical demands of anticipated tactical changes.14 To prepare players for this, soccer academy 
practitioners must have an intimate understanding of the determinants of performance.1 However, it remains unclear as to 
whether physical development of academy soccer players has matched the improvements in physical attributes with time 
observed at senior level.
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The increase in physical performance of elite professional players has been assessed through locomotor analysis of 
match data. Retrospective analysis of match data from 2006–2013 demonstrated an increase in peak running velocity 
(PV), high intensity running (HIR), high intensity actions (HIA), sprint distance (SD), and number of sprints (TS) in the 
English Premier League.15 High intensity running increased around 30% (890 ± 299 vs 1151 ± 337 m, p<0.001), sprint 
distance showed a 35% increase (232 ± 114 m vs 350 ± 139 m, p<0.001) attributed to an increase high intensity actions 
(118 ± 36 vs 176 ± 46, p<0.001) and number of sprints (31 ± 14 vs 57 ± 20, p<0.001). This was accompanied by a trivial 
variance in total distance covered throughout the same timeframe. Shorter, more frequent sprints and higher PV suggest 
an increase in acceleration ability and an increase in recovery anaerobic capacity.15 Technical markers such as the 
number of successful passes and dribbles increased, lending support that the increases in physical capacity underpin 
reported increases in high intensity technical elements of match play across the same period.15

Although not assessed by Barnes et al or Bush et al, for the increase in high intensity match locomotor activities to 
occur15–17 it is reasonable to expect an associated increase in physical performance tests. Krustrup et al18 reported 
a correlation between YoYo Intermittent Recovery Test Level 1 (YYIR1) and match TD and HIR in elite male players 
(r=0.71, p<0.05). Similar results were observed for YoYo Intermittent Endurance Test Level 2 (YYIE2) and match TD 
(r=0.74, p<0.01), HIR (r=0.58, p<0.05), and Very High Intensity Running (VHIR) (r=0.56, p<0.01) in senior elite 
players.19 Running speed over 20 m increased over a 15-year period in the professional Norwegian league, with those 
being assessed in 2006–2010 obtaining faster times than the 1995–1999 and 2000–2005 cohorts.10,20 A similar group 
showed no change in VO2max from 1989 to 2012, although the mechanism of assessment does not reflect the intermittent 
nature of the sport as would be the case when assessed by the YYIR1.21 The collective research examining the changes in 
the English Premier League15–17 attributes the changes observed to an increase in anaerobic capacity. Increased physical 
outputs at senior level place an onus on academy practitioners to develop players for the future demands of the game.14 

Research reporting locomotor demands of academy soccer over a full season has only recently been published,20,22,23 

thus the need to investigate any changes in physical capacity can be assessed by analysis of physical attributes from 
physiological testing sessions.

Buchheit et al2 conducted an analysis for elite level U13–U18 age groups and discovered that match running 
performance was correlated with Counter Movement Jump (CMJ), PV, Repeated Sprint Ability (RSA), and peak running 
speed during an incremental field test. As would be expected, physiological characteristics improve progressively with 
age and maturation in youth soccer players.24,25 There are differences in physical capabilities across levels of academy 
players between elite and non-elite players,6–8,26 and this is apparent at the academy entry level in elite programmes.27 

Whether academy soccer has reflected the changes during the same time period as the collective analysis in the English 
Premier League15–17 remains unknown; however, in the absence of GPS locomotor data, it can only be assessed with 
physical attribute assessment.

By utilising a single annual testing session Gonaus et al established progression in speed, change of direction, lower 
body power, and endurance at various ages over a 10-year period in elite Austrian youths.28 By grouping test results from 
2002–2005 and 2012–2015 within national development programmes, the authors were able to analyse retrospective data 
at U13 (n = 890 vs n = 967), U14 (999 vs 906), U15 (769 vs 869), U16 (550 vs 742), U17 (474 vs 483), and U18 (261 vs 
283) age groups. The most recent academy players were taller and heavier with no changes in BMI for U13 and U14s 
with the U16s' and U17s' lower BMI being explained by lower body weight.28 Sprint time improved for all split times (5, 
10, 20 m) and age groups except for the U18 group, and RSA improved for all age groups. Furthermore, the U18s age 
group is the only group that does not show improvement in the lactate assessed endurance tests, with all other groups 
showing a significant improvement ten years later whilst CMJ is improved in U13, U14, and U15s. When reassessing the 
201928 data under statistical control for height, body weight, exact age, number of pretests, time interval between 
pretests, and location, Gonaus et al observed similar increases in physical performance with time.29 These increases were 
less than the non-statistical control28 as the size of the decade effects decreased.29 Collectively in this elite Austrian 
group, there are different and significant parameters across the ages, with physical skills associated with neurological 
developments being a key factor throughout.28,29

Carling et al30 investigated the physical development in academy players over time at entry level (age 13) from 1992– 
2003 in an elite French regional academy. There was a significant increase in predicted VO2max for players grouped 
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from 1999–2003 versus those grouped 1992–1995 and 1996–1998. There was no maturation age difference in the groups 
across this time and no difference in outcomes when assessed through playing positions, suggesting that the progression 
of predicted VO2max was independent of any explanatory variables that were measured. The timeline (until 2003) 
associated with the French work,30 however, does not associate with the significant changes previously discussed from 
2006 to 2013 in the senior game.15–17 Another decade’s retrospective analysis from 2000 to 2010 in the elite Dutch 
academy system does offer some overlap in the timeframes previously discussed.31 Attributed to an increase in hours of 
soccer practice within the academy environment, all age groups (U13-U19) with the exception of U14s showed on 
average an increase (p<0.05) in the interval shuttle run test of over 50%.31 Unfortunately, Elferink-Gemser et al31 

assessed no other physical attribute, and the work completed by Haugen et al10 from 1995 to 2010 that observed sprint 
performance increases with time was performed in senior professional players and not academy age groups.

The need to prepare academy soccer players for evolving senior professional demands whilst recognising a periodic 
change in academy soccer reference values is critical.29 Alongside evolving locomotor demands at first team level,15–17 it 
is likely that the physical characteristics of professional academy performers has evolved.29 Greater knowledge of this in 
an academy context will allow practitioners to establish if the physical capacity of youth players has progressed 
simultaneously with the progression evidenced in first team soccer, providing essential evaluation, education, and design 
components for academy practitioners.32 Therefore, the aims of the present study are to establish whether previously 
observed changes in adult physical capacity were observed in a full time professional Scottish soccer academy.

Methodology
A retrospective analysis was conducted on data collected from physical testing batteries from 512 players from 2006–2016 
comprising height, weight, sprint, CMJ, and YYIR1 scores that were collected from the soccer academy of a full time 
professional Scottish club. Due to the nature of the academy system, players were continuously entering cohorts and exiting if 
they were deemed not to have met the standard required for progression. Of the 512 players tracked in this analysis, 50 were still 
within the academy system within this club or others at the final point of data collection, a further 100 players had transitioned to 
first team with the award of professional contracts, and 362 players were released at various stages and were no longer in the 
academy system. A total of 56 testing sessions produced 2021 testing battery results. Data were collected as part of the standard 
sports science support received by the player with informed consent provided via the player registration process signed by the 
player or parent / guardian. Retrospective analysis data collected for the purpose of sports science support is accepted within the 
sports science disciplines for publication.33 The retrospective analysis presented received ethical approval by the institutional 
review board at Robert Gordon University (Ethics approval ID SHS/19/44) in compliance with the Declaration of Helsinki.

The assessment battery comprised measurement of stature and body weight, followed by performance of CMJ with hands 
on hips, 20m sprints (with time intervals recorded at 5, 10, and 20 m) and the YoYo Intermittent Recovery Test Level 1 
(YYIR1). Participants performed the same standardised warm-up comprising a progressive and intermittent dynamic 
structure. Stature was measured using a free-standing stadiometer (SECA Height Measure, Hamburg, Germany), and body 
weight was measured using digital scales recording to 0.1 kg (SECA floor scale, Hamburg, Germany). The greatest jump 
height was recorded of three CMJ trials on an infra-red jump mat (MuscleLab IR Jump MAT, Ergotest, Langonsund, Norway). 
Counter movement depth was self-selected, with additional trials being allocated to replace excluded trials that involved any 
flexion of the knees prior to landing, a pause during the counter movement, or landing away from the centre point of the jump 
mat. The sprint protocol which followed comprised warm-up runs initiated with one foot self-selected in front of the other 
(1×80%, 1×90%, 1×100% perceived PV over 15 m each) followed by 3 × 20m maximum sprint trials with a 1:10 recovery 
period starting 1 m behind the 0 m timing gate (Speed Trap Timing, Brower Timing Systems, Utah, USA). Split times were 
recorded at 5, 10, and 20 m to the nearest 0.01 s with the lowest 20m time dictating the 5 and 10m split time assessed. Lower 
sprint times indicate greater sprint performance.

A ten-minute recovery period was provided between sprints and the YYIR1 assessment using recommended criteria 
for test termination. Appropriate test validity and reliability for all equipment and protocols adopted in the testing battery 
have been established previously with similar age groups within soccer.8,32,34 Reliability was ensured across the entire 
data collection period by standardising the surface, the order of tests, time of data collection, and consistent use of 
primary tester to lead testing for the full period of data collection.
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Statistical Analysis
All analysis was undertaken utilising R (version 4.2.2) with R Studio IDE (version 2023.03.0). Linear mixed effect 
(LME) models were individually fitted to explain variation across each measure of physical capacity, specifically CMJ, 
YYIR1 distance, and 5m, 10m, and 20m times. Candidate explanatory variables considered in all models were Year, Age 
Group, the interaction between Year and Age Group, Height and Weight, with Individual being included as a random 
effect. Model selection was undertaken with likelihood ratio tests (LRT) where the aforementioned initial complex 
models were compared to simpler nested models (first by removal of interaction, then individual explanatory variables) to 
arrive at the final model by maximum likelihood. Results from the final model for each measure of physical capacity 
were then reported and plotted utilising ggplot2 (version 3.3.5). Where data were missing for individual variables (eg 
CMJ only), the data were analysed for variables that remained present for the other physical variables.

The assumptions of models (normality of residuals, independence of residuals, and homoscedasticity) were checked 
via diagnostics plots utilising the package ggfortify (version 0.4.16).

Results
Summary statistics are presented in Table 1 with full analysis provided in the supplementary data within Supplementary 
Tables S1–S5. The final model explaining variation in 5m best time contained Year, Age Group, and Weight with no 
pairwise interaction (LRT: χ2=12.984, df=1, p<0.001). The 5m best sprint performance time significantly improved by 
0.0055 s per year (t=−11.8, p<0.001) and also improved with increasing player weight (t=−3.5, p<0.001) but was 
unaffected by player height. There was a significant improvement with increasing age group, with older cohorts having 
the fastest 5m time (t=−8.1, p<0.001). Similarly, the final model explaining variation in 10m best time contained Year, 
Age Group, and Weight with no pairwise interaction (LRT: χ2=51.1, df=1, p<0.001). The 10m best time significantly 
improved by 0.008 s per year (t=−9.2, p<0.001) and also improved with increasing player weight (t=−5.01, p<0.001) but 
was unaffected by player height. There was a significant improvement with increasing age group, with older cohorts 
having the fastest 10m time (t=−10.5, p<0.001). The final model explaining variation in 20m best time retained all 
explanatory variables with no pairwise interaction (LRT: χ2=13.0, df=1, p<0.001). The 20m best sprint performance time 
significantly improved by 0.011 s per year as shown in Figure 1 (t=−7.8, p<0.001) and also improved with increasing 
player weight (t=−4.8, p<0.001) and player height (t=−3.6, p=0.002). There was a significant improvement with 
increasing age group, with older cohorts having the fastest 10m time (t=−11.5, p<0.001).

Table 1 Descriptive Physical Performance Characteristics of Elite Youth Players in 
a Scottish Soccer Academy from 2006 Until 2016. Results are Mean ± SD. Further 
Information Provided in Supplementary Tables

Age Group Year 5 m (s) 10 m (s) 20 m (s) CMJ (cm) YYIR1 (m)

U11 2006 1.17 ± 0.1 2.05 ± 0.12 3.61 ± 0.15 23.5 ± 3.7 890 ± 415

2016 1.1 ± 0.03 1.95 ± 0.07 3.51 ± 0.13 23.3 ± 3.4 1198 ± 297

U12 2006 1.18 ± 0.09 2.05 ± 0.11 3.63 ± 0.16 24.9 ± 5.6 901 ± 361
2016 1.08 ± 0.03 1.92 ± 0.05 3.41 ± 0.12 25.6 ± 4.7 1579 ± 485

U13 2006 1.16 ± 0.1 1.99 ± 0.12 3.5 ± 0.17 28.8 ± 5.5 1040 ± 301

2011 1.08 ± 0.03 1.86 ± 0.03 3.31 ± 0.06 29.4 ± 3.4 1617 ± 298
2016 1.07 ± 0.04 1.88 ± 0.07 3.31 ± 0.12 26.6 ± 2.7 2095 ± 446

U14 2006 1.12 ± 0.08 1.94 ± 0.12 3.35 ± 0.18 31.4 ± 5.2 1372 ± 381
2011 1.04 ± 0.04 1.81 ± 0.07 3.22 ± 0.11 29.7 ± 2.5 1760 ± 373

2016 1.04 ± 0.03 1.81 ± 0.05 3.1 ± 0.13 28.3 ± 3.2 2157 ± 452

U15 2006 1.13 ± 0.09 1.9 ± 0.1 3.27 ± 0.16 29.7 ± 3.9 1677 ± 456
2011 1.02 ± 0.06 1.78 ± 0.08 3.15 ± 0.14 32.0 ± 3.9 1920 ± 486

2016 1.04 ± 0.06 1.81 ± 0.07 3.14 ± 0.16 31.7 ± 5.8 2255 ± 554

U17 2006 1.1 ± 0.06 1.88 ± 0.12 3.21 ± 0.17 32.7 ± 5.4 1570 ± 642
2011 0.97 ± 0.04 1.7 ± 0.05 2.99 ± 0.1 35.6 ± 5.0 2192 ± 289

2016 0.96 ± 0.07 1.72 ± 0.06 2.95 ± 0.12 37.2 ± 4.0 2477 ± 443

https://doi.org/10.2147/OAJSM.S477808                                                                                                                                                                                                                              

DovePress                                                                                                                                    

Open Access Journal of Sports Medicine 2024:15 104

Craig et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=477808.docx
https://www.dovepress.com/get_supplementary_file.php?f=477808.docx
https://www.dovepress.com/get_supplementary_file.php?f=477808.docx
https://www.dovepress.com
https://www.dovepress.com


The final model for CMJ retained all explanatory variables including the pairwise interaction (LRT: χ2=34.2, df=5, 
p<0.001). CMJ increase each year (Figure 2) was dependent on age group, with the older cohorts showing more 
improvement over years (Interaction for Age Group 14, p=0.003; and Age Group 15, p<0.001; Age Group 17, 
p=0.08). CMJ was higher in taller players (t=3.13, p=0.002) and in heavier players (t=2.50, p=0.01).

YYIR1 distance was predicted by all explanatory variable, the two-way interaction but not weight (LRT: χ2=14.3, 
df=5, p=0.01). Taller players reached greater YYIR1 distances (t=3.63, p<0.001). The YYIR1 distance increase each year 
(Figure 3) depended on Age Group, with Age Group 13 improving fastest over years (t=3.31, p<0.001), and next closest 
was Age Group 14 (t=1.82, p=0.067). The 20m sprint (Figure 1), CMJ (Figure 2), and YYIR1 (Figure 3) progressions 
show the respective trends in sprint performance, power, and aerobic outputs with time, with alternative measures being 
presented in the supplementary information in Supplementary Figures S1–S2.

Discussion
The main objective of this study was to establish whether changes in physical performance capacity observed over 
a decade in elite soccer academies were also observed in an elite Scottish academy. The main findings were that most 
recent players' sprint test data revealed a significant improvement in 5m, 10m, and 20m sprint performance time by 
0.0055 s per year (t=−11.8, p<0.001), 0.008 s per year (t=−9.2, p<0.001), and 0.011 s per year (t=−7.8, p<0.001), 
respectively. The 20m sprint time, CMJ, and YYIR1 performances were enhanced with increased player height, whilst 
increased player weight showed positive interactions with all sprint measures and CMJ. The current study also observed 
greater increases in CMJ performance in older age groups and greater increases in YYIR1 performance at U13 and U14 

Figure 1 Distribution of 20m sprint performance for all age groups U11–U17 from 2006 to 2016.
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compared with other age groups. The increase in physical performance fits the narrative that academy soccer practitioners 
should consider the likely increases in physical demands that will be required for a faster future senior game.14

Carling et al30 reported that estimated VO2max in French elite academy entrants at U14 level increased significantly 
after five and ten years (1999–2003 59.7 ± 0.05 vs 1992–95 56.9 ± 0.5 mL/kg/min, p<0.01, ES=0.86; 1996–98 58.0 ± 
0.04 mL/kg/min, p<0.05, ES=0.28). Although reported in distance covered during an YYIR1 assessment in the current 
study, a similar linear progression is observed when assessing the change in U14 aerobic capacity over a decade (2006 
1372.41 ± 381.14; 2011 1760.00 ± 372.93; 2016 2157.14 ± 452.13 m), with the U13s and U14s experiencing the greatest 
positive YYIR1 increase. Over a decade from 2001 to 2010 elite Dutch players showed an increase of intermittent 
endurance capacity of 36.2–61.4%, with the greatest improvements being at the key academy transition periods.31 These 
improvements were not always linear, however, with large year-to-year variations which may explain the decrease from 
the midway to the end point observed in the Dutch U14s group.31 That the 57.2% improvement in the current study fits 
with that observed with elite Dutch youths,31 but not with the 4.9% observed in the French cohort,30 is likely due to the 
methodological choices of assessment.

A direct comparison with the comprehensive analysis presented in an elite Austrian environment is difficult to make due to 
methodological differences. Significant improvements in the endurance run are reported as final speed in km/h by Gonaus 
et al, which limits endurance comparisons.28 Gonaus et al28 grouped their participants and analysed collective years rather than 
the linear approach with time in the current study. In both the original Austrian 2019 analysis28 and the follow-up 202329 

analysis that utilised enhanced statistical control, Gonaus and colleagues evidenced an increase in physical performance, with 
the most recent players being taller (2.2–2.4 cm, p<0.001), and linear sprint times improved for all age groups (0.02–0.07 s, 

Figure 2 Distribution of CMJ performance for all age groups U11–U17 from 2006 to 2016.
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p<0.001, ES=0.26–0.58).28,29 When these are broken down to annual improvements of 0.002 s for 5m and 0.007 s for 20m, 
this would be comparative with the current analysis (5m, 10m, and 20m sprint time improvement by 0.0055 s per year 
(t=−11.8, p<0.001), 0.008 s per year (t=−9.2, p<0.001), and 0.011 s per year (t=−7.8, p<0.001). In the Austrian sample, CMJ 
scores improved in the U13 to U15 group by 1.0–1.2 cm, with no improvements in U16-U18 groups.28 The current Scottish 
sample observed the greatest CMJ improvement in older age groups, which may be down to the strength and conditioning 
prescription.35

Potential explanations may be related to recruitment and training strategies. The current participants undertook 
a systematic strength and conditioning programme which focused on functional movement in the early phase “children’s 
academy” (U11–U13s) before loading strategies were introduced at “intermediate academy” stage (U14/U15) and “youth 
academy” stage (U17s) S&C programming and overall training themes mirroring first team activities. The age-associated 
increase in the current study may be linked to involvement in the S&C pathway associated with the current academy’s 
periodised training regime.36 Although no analysis has been completed relative to changes within this academy, for example 
changes within the staff or governing body requirements, it is also possible that, with more training knowledge and expertise 
involved, there has been a change in training quality including a focus on small-sided games within this time period.35,37

It is entirely possible, however, that the changes in the current study are due to club recruitment strategies. Transition 
periods reflect key decision-making time periods for soccer clubs, with players more likely to exit in these periods.38 It is 
possible that these recruitment transitions lead to relatively older players29 or more early matured players being 
recruited.39 Although it is established that early matured players would more likely lead to an increase in physical 
capacity,39,40 there is also an established relative age effect within the current group.41 It would thus be prudent to 

Figure 3 Distribution of YYIR1 performance for all age groups U11–U17 from 2006 to 2016.
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establish if the relative age bias or maturation bias has improved across the same time period as within the current 
Scottish sample CMJ was higher in taller players (t=3.13, p=0.002) and in heavier players (t=2.50, p=0.01) and taller 
players reached greater YYIR1 distances (t=3.63, p<0.001). It is possible that recruiters are either consciously or 
subconsciously recruiting taller and heavier players into the academy system on the basis of enhanced physical attributes.

There are a number of limitations within the current study which should be considered. Firstly, Gonaus et al29 have recently 
presented a reanalysis of their earlier work28 integrating greater statistical control. A number of the factors engaged into the 
2023 reanalysis29 (eg testing location and academy status) remained consistent in the current study, and in the current study 
participant has been treated as a random effect. Although the results reflect the patterns observed in similar work in France, the 
Netherlands, and Austria,28–31 any research that investigates a single club should be interpreted with some degree of caution. 
Within soccer academy strategies, however, it is important that clubs review how their data can positively impact efficiency 
and productivity. Unfortunately, maturation data have not been included. Although the Years from Peak Height Velocity 
method proposed by Moore et al43 could have been utilised, the requirement for 3 data points for each individual participant 
would have reduced the overall sample size to 304, a reduction of 38.7%, and impacted the ability to examine the main aims of 
this study. Finally, the current study presents no locomotor activity analysis for a direct comparison with the higher match 
physical outputs presented from 2006 to 2013.15–17 The Premier League Elite Player Performance Plan (EPPP) was 
established in 2011 with requirements that included monitoring of GPS locomotor activity at senior academy level. Given 
the time period that has since passed, it would be recommended that those practitioners who hold locomotor activity data not 
only begin to present comparative analysis between first team and academy,20 but also establish the patterns observed in the 
time since EPPP inception to help plan what the next decade may hold.14

Williams and Reilly acknowledged the lack of longitudinal analysis in their 2000 review,3 requesting that researchers 
embraced such data where available. The follow-on systematic review 23 years later44 identified that the typical approach of 
researchers remains largely cross-sectional, and the current longitudinal study, although retrospective, adds a meaningful 
contribution to help guide practitioners to develop the future generations of soccer players.14,44 Increased physical outputs at 
a senior level15–17 place an onus on academy coaches and practitioners to develop players for the future demands of the 
professional soccer player.14 Superior levels of aerobic fitness will theoretically allow players to work at a higher intensity and 
produce greater high intensity locomotor activities during match play. Outfield players aged 12–14 years old showed 
significant (p<0.05) correlations between VO2max and YYIR1 scores against HIR (r=0.73, 0.64), relative HIR (r=0.7, 
r=0.61), very high intensity running (VHIR) (r=0.57, r=0.59), and number of HIR and VHIR efforts (r=0.6–0.74) in 11v11 
match play averaged over 3×40 minute matches.45 This was also reflected in competitive matches where YYIR1 and MSFT 
results for 18 outfield U15 players showed large to very large significant correlations (r=0.65–0.76, p<0.01) with HIR and 
SD.42 The correlations discussed42,45 provide further support that any monitored changes in physical tests will likely be 
a correlated increase in high intensity match locomotor activities.

Conclusion / Practical Applications
The players of a professional Scottish soccer academy have increased physical performance attributes with time. In order 
to ensure effective transition to first team strategies for clubs, reference values within each club that establish first team 
requirements will contribute to appropriate planning and implementation of training interventions to achieve transitions. 
Being able to quantify the progression of physical qualities over specific periods of time may also provide valuable 
understanding of the impact this may have on technical proficiency.31 Recruiters should be aware that they may be 
consciously or subconsciously recruiting related to anthropometry and physicality rather than technical ability. In the 
future, we encourage clubs to collect and evaluate longitudinal changes through a collective annual analysis that 
integrates match and training locomotor activities with physical testing capacity that will allow practitioners to evaluate 
the impact of their practices, preparing the next generation for the future physical demands of the game. By planning the 
data requirements prospectively each season, this would allow integration of new methods and technologies whilst 
catering for the expected evolution over the next decade.14
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