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U18 Australian football training loads1

Abstract

Differences in training loads (TL) between under(U&8) Australian Rules football (AF)
State Academy selected and non-selected playeesimezstigated. Players were categorised
relating to their highest representative leveljt&tacademy selected (n = 9) and TAC Cup
level players (n = 38). Data were obtained from @mine training-monitoring tool
implemented to collect player training and matcforimation across a 20 - week period
during the regular season. Parameters modelleddedl| AF skills, strength, and other sport
training sessions. Descriptive statistics (mean @) @nd between-group comparisons
(Cohen’s d) were computed. A J48 decision tree hedievhich TL variables could predict
selection level. Pooled data showed 60% of weekipitig duration consisted of AF training
sessions. Similar AF TL were reported between Siasdemy and TAC Cup players (1578
+ 1264 arbitrary units (AU) v 1368 + 872 AU; d =5)0 While higher TL were reported for
State selected players comparative to TAC Cuptal toaining (d = .20), core stability (d =
.36), flexibility (d = .44), on-feet conditioningl (= .26), and off-feet conditioning (d = .26).
Decision tree analysis showed core stability doarafind flexibility TL the most influential
parameters in classifying group selection (97.7%uescy TAC Cup level; 35.8% accuracy
State Academy level). Insights of U18 AF playersekly training structures, loads, and
characteristics of higher achieving players arevigiexl. This study supports the application
of training diaries and session rating of perceies@rtion (SRPE) for TL monitoring in

junior athletes.

Key Words: team sports; session RPE; talent identificatioterimal loads; junior athletes
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U18 Australian football training loads2

INTRODUCTION

The Australian Football League (AFL) has establisletalent development pathway for
junior players aimed at identifying, fostering, apdogressing players towards an elite
Australian Rules football (AF) career. Levels imtihg State Academies and National
Championships for age groups ranging from Undetoldnder 18 years (U14 - U18 years),
are implemented nationwide and run along-side &tale’s participation pathways. In key
relevance to this study, the Transport Accident @assion (TAC) Cup is a Victoria state-

wide U18 representative competition for playersctonpete in high quality football and

developmental opportunities. The competition asterge of the primary recruitment grounds
for selection into the Victorian State MetropolitanCountry teams, National Academy, and
scouting process for AFL clubs and semi-professiSitete league clubs.

Talent development and training practices for jumlite AF players are evolving to
incorporate a more scientific and measured appraaceen in the senior elite competitions.
The increased use of global positioning system (GE&hnology, individual athlete load
monitoring®®, and online athlete self-reporting applicationfterts a greater focus on grass
root development of AF players. An.increased urtdading of physical demands on players
from previous studies looking into junior elite ARatch profiles? 2 ??and athlete load$*

3 has also allowed for ongoing refinement of coaghpnactices and athlete management.
For example, match physical and technical diffeesnbetween elite U16 and U18 AF
players have been reportéd, including contested marks, clearances, total masnd
relative distance (m.mi). Greater statistical information of junior plagezould contribute
to improving progression and retention of talerp&ayers into the senior elite leagues. Apart
from the use of this data for match play perforreaeohancement, coaches could further
adapt training to suit age level, developmentajestand playing position. Again, ensuring

appropriate loads are administered and effectinepitored.
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U18 Australian football training loads3

Talented players may be exposed to higher trailwiad (TL) in order to complete the
required tasks for selection at various levelspafrstalent pathway&?. For example, U18
TAC Cup players may be involved in local club amtiaol football competitions, or other
sports (e.g., basketball), whilst potentially besgjected in State and National Academies.
The impacts of these additional training loads gpadly on U18 AF player development is
not yet fully known. By using self-reported traigimeasures, this study will examine the
training characteristics of U18 TAC Cup playersotighout the 2016 playing season.
Previous studies have reported on the physicalnaatth demands of TAC Cup playéts
13 But it is not yet known the breakdown of total Ficluding extra training activities such
as participating in other organised sports simeiasly. Previous research on junior rugby
union players concluded that commitment to seviratls of rugby teams, training and
matches, combined with outside sports participati@ated numerous high-load and impact
sessions throughout a we'ek.

A previous systematic revietf’ of the major football codes (American, AF, Gaelic,
rugby codes and soccer) examining the relationseipveen workloads, performance, injury,
and iliness in adolescent male players acknowledgeaeed for further research in the area.
Particularly, training does-response relationstapd effects of additional training. Results
indicated. significant positive relationships betweghysical stress and traumatic injury,
furthermore that training duration was significgnélssociated with ilinesS). Consistent
study results from multiple youth sports indicateli@ear relationship between hours
participated and injury risk; greater than 16 hopes weeks specificall{’. Yet there are
changing views with evidence to suggest that appatgby prescribed and monitored high

TL will develop physical qualities in athletes thmovide a protective effect against injity
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U18 Australian football training loads4

The aim of this study was to determine whetheredgiices in TL existed between the
selection level of Ul8 AF players during the regupdaying season. Furthermore, to
determine which combination of training type parteme would classify a player’s training
week and level as either a TAC Cup player or highelected State-team player. It was
hypothesized that higher selected State Academyerdavould record greater AF specific
training and associated developmental training sashstrength sessions. This would be
accompanied by lower other outside sport involvenmmymparative to TAC Cup level

players.

METHODS

Subjects

A sample of 47 players registered with two TAC @ilytbs was available for participation in
the study (n = 17 club 1; n = 30 club 2). Partioisavere categorised into two groups based
on their highest representative level as suppligdhe TAC Cup clubs; State Academy
selected (n = 9; male, age: 16.9 £ 0.3 years) o€ TAIp level (n = 38; male, age: 16.8 + .8
years) therefore not selected in the higher Statadémy level. The players trained and
competed in matches for their TAC Cup club, schieam, local team, or State squad based
on coaches’ selection, prior commitment requiremesntd player availability during the data
collection period. Training sessions for both TAGpC:lubs were held on Monday, Tuesday
and Thursday evenings. The study and its methode agproved by the relevant Human
Research Ethics Committee. Parental or guardiaredigonsent was obtained for all players

under 18 years of age.
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U18 Australian football training loads5

Experimental Approach to the Problem

Data were collected over a 20-week period durirg régular playing season of the 2016
TAC Cup competition from rounds one to 16 inclusi¢iacluding four bye rounds).
Participants were provided with access to an onfia@ging monitoring tool (Smartabase:
Version 4.835, Fusion Sport, Queensland, Austrdtinhe purpose of self-reporting daily
training activity. Prior to the season, players eveducated on how to correctly fill out the
diaries, including categorising training types aretording RPE scores. Players were
instructed to enter individual data each day relateall training undertaken throughout the
2016 TAC Cup competition (March to August) in tret guestionnaire. The completion of
the diaries was self-directed from a player’'s pecspe which may have created possibility
for players to misclassify certain sessions bagetheir own subjective interpretation of the
education mentioned above. The training load pai@mencluded for modelling were: AF
training — scheduled sessions with their AF teaithieo sport training — any training or
competition undertaken with another sport outside fore stability — specific core work
conducted in an athlete’s own time from a recomradngrogram provided by the club’s
strength coach; strength training — dedicated gtresessions either with their AF club or on
own; flexibility — dedicated flexibility sessionsoeducted on own from a recommended
program  provided by the club’s strength coach; eet-fconditioning — all dynamic
conditioning (e.g. run intervals, plyometrics); -6kt conditioning — all static or passive
conditioning work (e.g. stretching); total trainirgsum of all training conducted from each
training type.

Procedures

Internal TL was calculated through the sessiomgatif perceived exertion (SRPE) method
by multiplying the total training duration (min) llye SRPE rating from the CR10 scale (AU)

®) All raw data exported from the Smartabase softweas imported into a custom designed
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U18 Australian football training loads6

Microsoft Excel™ spreadsheet (Microsoft Corporatiedmond, USA), and pre-processed
@n, Any identified abnormalities such as incorreatiytered time format data (reporting in
hours instead of minutes), or inconsistencies aonging a zero or leaving blank in entries
were rectified. Players were coded with an assigdedtification number to de-identify the
data; and then level coded based on highest selectisn, State Academy (1) or TAC Cup
level (2). Cleaned data were organized to shownalhsures across a single row for each
player on each day of data entry provided, and lyemkerages calculated. This resulted in

726 individual weekly load profiles for analysis.

Statistical Analysis
Descriptive data are presented as mean +* stan@aidtion (SD). The effect size (ES) for
each measure for between group distances was atdulising Cohen’d statistic on a
customised Microsoft Excel™ spreadsheet, indicasisgnall or trivial d = O - .2, moderate
(d=.2-.5), larged = .5 - .8),and very largdd > .8) effect®. The confidence interval (ChH
was expressed as 90% representing the uncertairggah effect and as probability that the
true effect was considerably positive or negafife

In addition to quantifying the differences betwettre two groups, a supervised
learning _model was developed to provide a clasgdiba prediction for State Academy
selected and non-selected participants based ompaFameters. Given the uneven group
numbers, multiple blank events for some categoaesvell as ‘zeroes’ recorded in some
weeks, a number of data transformation techniquere &ttempted in order to normalise the
data. All of these were unsuccessful however, nmgatinat a non-parametric, machine
learning approach was implemented. Specificallyngighe ‘RWeka’ package in R (R
Computing Environment}*> 2 A J48 decision tree modelled each of the weekbd|

profiles included in the dataset to classify plagelection level in relation to TL measures.
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U18 Australian football training loads7

All eight load parameters were included in the nhodhilst a confidence value of 0.25 was
set and a minimum support of 10 instances requimedrder for a node to split. Model
performance was reported as classification accusabpth groups and compared to the null

model.

RESULTS
The breakdown of weekly training duration typesicated that the majority of training for
this cohort was AF based sessions followed by gtretraining (Table 1); which is also

reflected in weekly sSRPE TL (Table 1).

**Table 1 near here**

**Table 2 near here**

State Academy selected players in comparison to T@Up players had higher
weekly training durations in core stability (ES &A@, Cl = -0.16 to -0.64), strength (0.23;
001 to -0.47), flexibility (0.37; -0.13 to -0.61)n-feet conditioning (0.28; -0.04 to -0.52), and
off-feet conditioning (0.26; -0.02 to -0.50) (Tal#?¢. State Academy selected players also
showed higher weekly training loads in total tragi(ES = 0.20; Cl = 0.04 to -0.44), core
stability (0.36; -0.12 to -0.60), flexibility (0.440.20 to -0.68), on-feet conditioning (0.26; -
0.02 to -0.50), and off-feet conditioning (0.26;0® to -0.50) (Table 2). In breaking down
training SRPE loads for each training type across-fveek blocks between the two groups,
marked TL differences showed TAC Cup level playsas larger loads in weeks 13, 14 and
15 compared to State selected players (Figuresntlalh). Other sports reported in the
training diaries included volleyball, rowing, swinmg, soccer, hockey, tennis, athletics,

basketball, bike riding, own gym sessions, andalketb
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U18 Australian football training loadss

**Figures 1a, 1b, and 1c near here**

Decision tree evaluation analysed a total of 5@&ining weeks (78.1% of total
sample) including TAC Cup level players, and 15%k&ewere reported including State
Academy selected participants. Results indicatedbie stability duration and flexibility TL
are the most important interaction in parameterdassifying the two groups (Figure 2). This
is shown by the tree terminating down the righesadl nodes 1 and 2 after just one branch
from the root node, weekly core stability duratigreater than 33 minutes to weekly
flexibility TL. On the left side of the figure, thateraction between higher weekly off-feet
conditioning durations and weekly AF TL is also gested as a strong predictor of player
selection level, classifying TAC Cup level 23 outthe 31 weeks (node 4) and State
Academy 10 out of the 12 weeks (node 5). The asymyme the decision tree output
indicates that TAC Cup level and State Academyingi behaviour have different nuances.
There are greater interactions.in parameters 8si§aTAC Cup level players based on their
training characteristics (nodes 2 — 4, 6, 7, OntBsate level players (nodes 1, 5, 8, 10).
Model performance was reported as 83.3%, whichtttated only a moderate improvement
on the 78.1% null model. Of this, the model displhyn accuracy of 97.7% in classifying
TAC Cup level players (554 of 557 weeks) and 35&%uracy in classifying State Academy

players (51 of 157 weeks).

**Figure 2 near here**

Copyright © 2017 National Strength and Conditioning Association
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U18 Australian football training loads9

DISCUSSION

This study provides an insight into the internal dLtwo elite U18 AF teams during the
regular playing season. These data provide a greatierstanding of TL completed by elite
Ul8 AF players, which is currently underrepresensgthin the scientific literature. The
main findings were that State Academy selectedgotayn comparison to TAC Cup level
players showed greater total weekly TL (AU) foraldraining, core stability, flexibility, on-
and off-feet conditioningd > .2). Furthermore, greater total weekly trainingadiwns (min)
for core stability, strength, flexibility, on- amadf-feet conditioning @ > .2).

This study’s results are in agreement with previsusdies showing that higher
selected players have greater AF weekly trainingtiftns and higher total training weekly
durations™* ) Similarities also exist showing that higher stdcplayers had lower other
football activity loads and training type variatiifi. It is common practice for players not
selected in their TAC Cup team for a weekend méicteturn to their local or school team
(football or other sports) and subsequently coneplkettra training sessions. This study
furthers the current knowledge by firstly examinsejected State Academy level TAC Cup
players against non-State selected TAC Cup lewaslgps; and secondly breaking down their
training types for more descriptive measures.

Comparing sRPE loads between senior and junioe gliayers can be difficult
pertaining to a range of factors including diffezes in physiology, performance indicators
@ and experience resulting in exertion perceptiariations®. Also, that senior elite AFL
clubs are professionally run entities with playemsployed as full-time athletes under strict
periodised training regimes. Previous study restield that RPE is not linear in occurrence
and therefore each player's TL responses shoulel itath account the context of previous,

current and future loading patterns.

Copyright © 2017 National Strength and Conditioning Association
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U18 Australian football training loads0

Gaining information on training loads of junior péas looking to progress into senior
elite tiers may be useful in assessing player adgwveent requirements in preparing for the
demands of senior AF.

Higher loads in the early in-season may be a coatian of pre-season loads as
reflected in periodisation strategies adopted hyioseAFL teams*®. This periodisation
strategy sees higher conditioning and skills logdiaring the pre-season as preparation for
the playing season; which in contrast sees a ntgjofiloading from weekly matches and
training focus shift to recovery, technical skiied conditioning maintenanc¢€’. Higher
early in-season TL is also in part due to incredséloer sports” TL (Figure 1b), which may
suggest players are still training and competinghieir chosen summer sports, such as
rowing and soccer. Lower mid-season loads may kacearred for several reasons. It may
represent the league bye weekends in weeks eimigt, H2, 17. Furthermore, State selected
players would likely have been competing in theidtatl U18 Championship tournament
played during this time, which-may imply minimahitning was performed. Another reason
could be part due to compliance issues, and lefet¢slucation and guidance throughout the
season. Players may have been keen to complethaties early at its implementation, then
experienced a decline in motivation during the yaais lack of compliance and accuracy in
reporting. may impact on the significance of thediimgs for the current study. Scope for
further investigation may be required to assesatieiracy and implementation complexity
of self-reported training diaries in U18 AF playeiihe use of external measures would
provide an objective measure for comparison toregbrted data. This would highlight any
problems with over- or under-estimating durations.

By comparing State Academy selected players to T@up level players, the
Academy group engaged in a greater proportion ofspé&cific training, although the non-
State selected group showed slightly greater mesakhy AF TL, albeit trivial @ = .05).

Copyright © 2017 National Strength and Conditioning Association
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U18 Australian football training loads1

An explanation for this may be the Academy playéeing greater on-feet
conditioning durations and lower RPE. Completingenconditioning work would imply that
the Academy players are more physically fit andefoee cope better with training demands,
hence rating sessions lower on the RPE s&&fe?®) Notions of specialisation amongst State
Academy selected players is reflected in their tgreamphasis and loading in AF training
considering the next stage of the talent pathwayldvioe National Academy and Draft
selection in pursuit of a professional AFL cardResearch results looking at junior elite
rugby union suggested evidence of deliberate meati higher-level players could be seen in
the higher proportion of weekly training activitieslated to tugby**. In relation to training
load management and injury prevention, the impaodanf strength, conditioning and
functional movement training for both pre-and ias®@n aids to reduce the cited risk factors
for injury @ These include lack of lean tissue mass, incregsied hypermobility and
imbalances from growth, have been emphasised fathymayer developmeft?.

Applying a machine learning approach decision aealysis showed multiple rules
capable of classifying selection level based on Tthemeasures (Figure 2). Weekly core
stability durations appeared to be an influenciagtdr in facilitating higher selection
classification, particularly showing a strong redaship with a weekly flexibility SRPE load
greater than 115 AU. It was not a stipulated resyunent for State Academy players to be
completing extra core training outside of their T&Qp or Academy team sessions. These
results suggest that higher selected players may itaupon themselves to complete these
extra conditioning sessions due to their motivatmmachieve success within the sport. Other
rules included, if core stability duration4s33 min, weekly off-feet conditioning duration is
< 40 min, flexibility load is > 115 min, but othepat duration is > 0 min will likely result in
TAC Cup level (12 out of 13 weeks identified). Dson trees provide a means to model non-
linear trends and provide visual representatiorefise of interpretatidfv.
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This method for classification has previously begplied in senior AF to explain
match outcome (win/loss) based on team performamtieators®. Previously it has been
acknowledged that addressing the research gapsspects to effects of workloads by
incorporating non-linear models and/or machinenea techniques, internal and external
measurements, would lend to more efficient traimnactices for youth athleté8. In this
study however, the poor performance of the modd¢h wespect to classification of State
Academy players suggests that further parametersn@eded to improve the accuracy in
future research. This also suggests that it idylikieat additional non-training load related
factors contribute to discriminating the two colsoiVith respect to the decision tree design,
although the minimum support instances could beeamed, this would have resulted in a
reduced decision tree size, which may not haveigeava full representation of the data.
Further work is also required to assess the gdraebdity of the model to subsequent years
and AF cohorts, as the results from this modeloalg applicable to the 2016 training data
collected from the participants included in thisost

Despite the findings, it is acknowledged that asialyonly included two of the 12
teams competing within the TAC Cup competition; ahdrefore, the findings may be
specific to each team’s training structure and boagphilosophy. A greater data input may
have been prevented due to a lack of compliance &thletes regularly filling out or failing
to correctly fill out training dairies on a reguléasis during the season. Furthermore,
although both clubs received education on how tmpiete the training diaries including
using the RPE scale, the level of individual a#hlehderstanding and consistency in self-
reporting throughout the year may have varied. &lgh the use of external load measures
such as GPS would have provided a more in-deptghthsto these athletes’ TL, resource
limitations and logistical practicality preventduetacquisition of significant data levels for
the analysis required.
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Future work investigating the association betwe&PE TL and external load
measures in juniors elite AF by similar methodssesn the professional AFE would be
beneficial in moving towards individualised athletenitoring and training structures to

maximise performance.

CONCLUSIONS

This study has quantified the TL of elite U18 Aafiin Rules football players across extra
multiple session types. Also, assessed differebheéseen State Academy selected and non-
State Academy selected TAC Cup level players. Hsalts from this study showed State
Academy selected players are completing more AEipéraining and accumulating greater
weekly loads. TAC Cup level U18 players are accatmd) greater other sport weekly TL.
TAC Cup players rate (RPE method) their AF trainiregder as reflected in having lower
durations and higher sRPE TL compared to Acadermayeps. Further analysis indicated that
core stability duration and flexibility TL were imgant factors in modelled classification for
group level selection. These findings add to themyng body of research in junior AF and

specifically provide greater insight into the plegeveekly training structures.

PRACTICAL APPLICATIONS

The methods and outcomes of this study may assésthing staff in making more informed

decisions on training structures in-line with ayelas selection status. It may encourage
coaches to review player training management mgesf factoring in outside sport and TL

to ensure their players are training and compedingptimal levels for their TAC Cup club.

Furthermore, the results highlight the trainingreleteristics of higher selected players.
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U18 Australian football training loads4

This study reflects the practical application df-seported training diaries and sRPE
TL in junior sports as an effective low-cost methofraining diaries may provide
complimentary information alongside objective measusuch as GPS. Or serve as a tool for
player TL insight when objective measures may motdadily available in junior AF teams.
Several studies have supported the use of the R€tRooh and training diaries for junior

team-sport athletd®), junior AF®% ) junior soccef® and junior rugby unioff® **)
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Table 1 Weekly training durations and sRPE TL of U18 T&Gp players across both
levels.

Training Duration sRPE Training Loads
% of total
Training Type Mean £+ SD weekly Mean £+ SD % of total
(min) training (AV) weekly TL

duration

Weekly AF training

Weekly core stability
training

Weekly flexibility +2 55 + 110 3.9
training - ' N '

Weekly off-feet
conditi

+21 2.2 30 +128 2.1
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Table 2. Descriptive statistics of weekly TL and durati@n €ach training type, TAC level
and State Academy selected players. Data presastegtan £ SD. The between group
differences is presented as an effect size (Colnigith 90% confidence intervals.

State

TL measure Academy T,AI\_(éVC;lIJp d (90% CI)
selected

Weekly total training SRPE load (AU) 1578 £ 1264 1368 + 822 .20 (.04 to -.44)
Weekly AF sRPE TL (AU) 835 + 674 868 + 567 -.05 (.29 to -.19)
Weekly other sport SRPE TL (AU) 31+131 55 + 183 -.15 (.39 to -.09)
Weekly core stability SRPE TL (AU) 69 £ 148 27+£76 .36 (-.12 to -.60)
Weekly strength sRPE TL (AU) 284 + 427 241 + 432 .10 (.14 to -.34)
Weekly flexibility SRPE TL (AU) 95 + 128 44 + 101 .44 (-.20 to -.68)
Weekly on-feet conditioning sRPE TL (AU) 203 £418 113 £ 272 .26 (-.02 to -.50)
Weekly off-feet conditioning SRPE TL (AU) 62 + 202 22 £ 97 .26 (-.02 to -.50)
Weekly total training duration (min) 285 £ 214 228 £ 128 .32 (-.08 to -.56)
Weekly AF training duration (min) 147 + 106 143 + 87 .05 (.19 to -.28)
Weekly other sport training duration (min) 6+ 24 9+28 -.12 (.36 to -.12)
Weekly core stability training duration (min) 13 +25 5+£12 40 (-.16 to -.64)
Weekly strength training duration (min) 5175 36 £ 58 .23 (001 to -.47)
Weekly flexibility training duration (min) 23 £33 13+£25 .37 (-.13to -.61)
Weekly on-feet conditioning duration (min) 35+65 19 £ 45 .28 (-.04 to -.52)
Weekly off-feet conditioning duration (min) 11+33 4+15 .26 (-.02 to -.50)

d is Cohen’s effect size relative to the State seled players; Calculated using Cohen'’s d statistiavhere an
effect size of d = .20 was considered small, d 9.Bioderate and d> .80 large (Cohen 1988).
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Figure 1. Weekly sRPE TL grouped in 4-week blocks for vasitiaining parameters between State-selected a@dup level playerdsigure la: AF
training.Figure 1b: On-feet conditioning, Strength training, Otheirinag. Figure 1c: Core stability, Flexibility training, Off-feet traing. Data presented as
mean = SD bars.
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[ Weekly core stability duration (min) j

<33 >33
[Weekly off-feet conditioning duration (min)j/ \[ Weekly flexibility sSRPE TL (au) ]

<40 <115  >115
Weekly flexility sSRPE TL (au) ) \E Weekly AF sRPE TL (au) J
<115 >115 s720 >7
- [Weekly other sport training duration (mln)]
>0 \

Weekly on-feet conditioning sRPE TL (au)j

<222

[ Weekly strength duration (min) ]

<0 >0

[ Weekly AF training duration (min) ]

<184 >184

Figure 2. Decision tree analysis output explaining selection outcome based on reported
training parameters. Leaf node class output reports correct/incorrect weeks reported
according to identified player level, i.e. node 2: 15/3 classified TAC Cup level for 15 of the
18 weeks.
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