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Introduction
Football is characterized by short-term, high-intensity triaxial activities that require optimized
neuromuscular capacity. Thus, training routines must consider the direction of force application when
specific strength exercises are performed. According to the force-vector theory, exercises performed
in the anteroposterior force-vector may effectively improve sprint performance, while exercises
performed in the axial force-vector have stronger transference to vertical jump capacity (Contreras,
Vigotsky, Schoenfeld, Beardsley, McMaster, Reyneke, et al., 2017). This study aimed to explore the
effects of including horizontal and vertical force-vector exercises in a 20-week in-season general
strength training program on physical profiles of youth football players.
Methods
Twenty-four elite male under-17 soccer players with no experience in strength training participated in
the study and were randomly assigned to a Control, Vertical or Horizontal strength training group.
Control group performed a general strength training program that included free weights, eccentricoverload and body weight exercises once a week during 20-weeks of in-season. Vertical and Horizontal
groups’ routines additionally included a specific exercise performed in a vertical (back half squat) or
horizontal vector (barbell hip thrust), respectively. Players’ physical profile assessment included
vertical jump, horizontal jump and linear sprint capacity. Training loads progressively increased from 3
sets of 8-10 RM in week one to 3 sets of 4-6 RM in the last week, with exercises being performed at
maximum concentric velocity.
Results and Discussion
Vertical group showed improvements on vertical performance (SJ, likely of 4.4%±3.8% and CMJ,
possibly of 4.0%±4.1%, small effects) and horizontal performance (HJ, most likely of 7.5%±2.5%; 10-m,
likely -1.5%; ±1.7% and 20-m, most likely -3.4; ±1.4% decrease in time, moderate effects). Horizontal
group showed unclear results in vertical performance. However, notorious large improvements were
observed in HJ (11.5% ±4.6%, large effects), 10-m and 20-m (-3.0%±1.8%, moderate effects and -3.5;
±1.1% decrease in time, large effects, respectively).
This investigation shows that vertical and horizontal force-vector exercises may enhance jumping and
sprinting capacity during in-season strength training routines. However, when compared to the effects
of back squat on jump capacity, barbell hip-thrust improves horizontal jump and sprint to a greater
extent.
Conclusion
This study reinforces the importance of performing horizontal vector exercises as well accepted
strategies to develop neuromuscular function of hip extensors and enhance football players
performance, even when performed only once a week during in-season.
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DELISTED FOOTBALLERS: SUPPORTING WELL-BEING THROUGH CONTINUING TO COMPETE IN STATEBASED LEAGUES
Deb Agnew - Flinders University, College of Education, Psychology and Social Work
Introduction
Participation in sport, while beneficial, does not guarantee well-being. One of the major sources of
stress for athletes is the transition out of sport (Alfermann 2000). Retirement from sport is inevitable
however, experiences are dependent on how the athlete perceives the circumstances surrounding
their retirement. This presentation will focus on the experiences of athletes who are delisted from the
Australian Football League (AFL) and choose to return to sub-elite competition rather than cease
competing entirely.
Methods
This study utilized narrative inquiry through a life history approach to explore the transition
experiences of Australian footballers who return to the South Australian National Football League
following deselection. Ten footballers took part in semi-structured interviews covering topics including
experiences in the national AFL competition, the difficulties faced during the transition process, the
support needed during this period and responsibility for player well-being.
Results and discussion
Three themes emerged relating to well-being; negotiating the delisting process; Utilising the statebased club’s resources and; Life after elite football. Being delisted has negative consequences for wellbeing because the footballers have no control over the timing of their retirement. Returning to statebased clubs can offer assistance with housing, employment and emotional support and affords the
footballers some control over the direction of their career. Being delisted can lead to a perception by
the footballers that they are no longer useful. Providing an opportunity for the footballers to mentor
younger footballers at a state-based club is a positive step towards successfully transitioning out of
elite football through giving the men a sense of purpose.
Conclusions
Footballers who are delisted are vulnerable to experiencing poor well-being because they are often
unprepared for the end of their elite AFL career. Choosing to continue playing at a lower level can
offer some protective factors such as friendship, structure and financial support and provides the
footballers with an avenue to control some of the circumstances during this difficult time, therefore
can facilitate positive well-being.
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Introduction
Collective team behaviour in invasion sports has been used to describe team tactics or game style,
whereby repetitive patterns of movement are formed (1). This behaviour has typically been defined
via various combinations of spatiotemporal metrics including x-axis centroid, y-axis centroid, length,
width, and surface area (2). More recently, studies have utilised heat maps combined with entropy
measures to determine and visualise the variability of player movement. The resulting information has
become a central component of match analysis due to its established relationship with performance
outcomes and the capability to provide greater context to match events (2). Therefore, this study
investigated the influence of match phase and field position on collective team behavior in AF.
Methods
Data from professional male athletes were collected via 10 Hz global positioning system (GPS) during a
competitive AFL match. Five spatiotemporal metrics (x-axis centroid, y–axis centroid, length, width,
and surface area), occupancy maps, and Shannon Entropy (ShannEn) were analysed by match phase
(offensive, defensive, and contested) and field position (defensive 50, defensive midfield, forward
midfield, and forward 50). A multivariate analysis of variance (MANOVA) was assessed to compare
between match phase and field position. Variability of player movement was quantified through
Shannon Entropy S% and visualised via heat maps.
Results and Discussion
Field position had a greater influence on the x-axis centroid comparative to match phase. Conversely,
match phase had a greater influence on length, width, and surface area when compared with field
position. Occupancy maps displayed that players repositioned behind centre when the ball was closer
to their goal and pushed higher up the field when the ball was in their forward half. Shannon Entropy
showed player movement was more variable during offence and defence compared to contested
phases.
Conclusion
Analysis of spatiotemporal metrics, occupancy maps, and Shannon Entropy can assist in understanding
the game style or team tactics of AF teams. Determining collective team behaviour whilst accounting
for contextual variables may provide a greater understanding of team tactics or game style.
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Introduction
Sleep is well recognized as one of the most important components of the recovery process among
athletes. However, professional rugby players experience reduced sleep quality and quantity after
competition (Shearer et al., 2015). Whole body cryotherapy (WBC) has been proposed as an effective
recovery strategy to reduce exercise induced muscle damage but its effect on sleep is not clear. On the
other hand, a recent study reported increased sleep quality with the use of a high heat capacity
mattress (MAT) allowing a slowly removing of body heat via conductive heat transfer (Krauchi et al.
2018). However, the impact of MAT on sleep after a rugby match has not been studied. Therefore, the
aim of this study was to assess the effect of WBC and MAT on sleep architecture among elite rugby
players.
Methods
Ten elite male rugby union players (age: 21 ± 1 years) completed three official matches followed by
three experimental conditions in a randomized counterbalanced order: WBC, MAT and a control
condition (CONT). Total distance (TD), high-intensity running (HI) and number of contacts (C) were
obtained from GPS and video analysis, and used as markers of match load. Markers of muscle damage,
i.e. countermovement jump (CMJ) performance, plasma creatine kinase (CK) and subjective ratings of
muscle soreness (DOMS) were recorded before, immediately after (post) the match and the following
morning (J+1). Sleep was assessed with polysomnography in each condition. Sleep variables (SWS:
Slow Wave Sleep; WASO: wake after sleep onset), CK, CMJ and DOMS were analysed using a mixedlinear model with fixed effects of condition, TD, C and HI and a random effect of subject.
Results
Our results showed a significantly increased amount of slow wave sleep (SWS) for WBC and decreased
wake after sleep onset (WASO) for MAT compared to CONT (p<0.05). However, no significant
differences were observed for markers of fatigue (CMJ, CK and DOMS) between the 3 conditions at
any time point.
Conclusion
The two recovery strategies positively impacted objective sleep quality but did not have any impact on
markers of fatigue until the day after the match.
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Introduction
Speed is an important prerequisite in soccer. Therefore, a large number of tests has been developed
aiming to investigate several speed skills relevant to soccer. The objective of this systematic review
was to examine the validity and reliability of speed tests used in adult soccer players.
Methods
This systematic review was written according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines using the data bases PubMed and Web of Science. Studies
were included if they investigated speed tests in adult soccer players and reported validity (construct
and criterion) or reliability (intraday and interday) data. The tests were categorized into linear-sprint
tests, repeated-sprint tests, change-of-direction sprint tests, agility tests, and tests incorporating
combinations of these skills.
Results and Discussion
From the 90 studies included, linear-sprint tests and change-of-direction sprint tests were studied
most often, followed by repeated-sprint tests and combinations. The latter mostly included elements
of repeated-sprint tests and change-of-direction sprint tests. Agility tests were the least examined.
Acceptable validity was reported for the majority of the tests in all categories, except for agility tests,
where no validity study was identified. This finding was mainly based on studies examining the
construct validity of speed tests, whereas the tests were able to distinguish players of different
performance levels. In terms of intraday and interday reliability, ICCs > 0.75 and CVs < 3.0% were
evident for most of the tests in all categories. These results primarily applied for total and average
sprint times. In contrast, measures representing fatigue (e.g., percent decrement scores) indicated
inconsistent findings relating to validity. With respect to reliability, ICCs were as low as 0.11 and CVs as
high as 51.0%. Therefore, they should be treated with caution.
Conclusions
Except for agility, tests with acceptable levels of validity and high levels of reliability are available for
testing speed skills in adult soccer players. Given the lack of accepted gold-standard tests, researchers
and practitioners may base their test selection on the broad data base provided in this systematic
review. Future research should pay attention to the criterion validity examining the relationship
between test results and match parameters as well as to the development and evaluation of soccerspecific agility.
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Introduction
The development of youths to professionals is the goal of many sports teams, particularly in rugby
league, where the financial implications are far less by producing your own talent vs. buying top
players. Currently, literature has examined the development activities of athletes from a wide range of
sports, but not rugby league. Therefore, we examined differences in the development pathways of
elite British rugby league players who progressed to professional status in adulthood, compared to
those who were released. Based on previous work in team sports (Ford & Williams, 2012), it could be
expected that elite rugby league players would follow an early engagement pathway.
Methods
Participants were elite rugby league players who had progressed to professional status (Professional; n
= 26), been released (Ex-Academy; n = 18), and a control that had only played recreational rugby
league (Recreational; n = 14). Under supervision of a trained researcher the participants completed a
modified rugby league-specific Participation History Questionnaire (PHQ: Ford et al., 2010) containing
milestone data and hours accumulated in rugby-specific activities (competition, practice and play).
Results and Discussion
Though the Participation History Questionnaire revealed no differences in playing milestones (ps >
0.05), consistent with the early engagement pathway, players that progressed to professional status
engaged in significantly (p = 0.009) higher total hours in rugby-specific play (6081 ± 3995) and practice
(3071 ± 1630), compared to players who did not gain professional status (play = 3167 ± 1169; practice
= 1974 ± 734) or had never played elite rugby (play = 1901 ± 670; practice = 998 ± 463).
Conclusion
The developmental activities of elite British rugby league players that progress to professional status
follow the early engagement pathway. Findings from this study may inform future practice of talent
development systems within rugby league in Britain.
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Introduction
The flight trajectory of a soccer ball is strongly influenced by aerodynamic characteristics such as drag
coefficient (Cd) and lift coefficient (Cl)1, 2). These characteristics are known to depend on the air flow
around the ball and the vortex structure developed by that flow. This study aims to clarify the
dominant vortex structures of a spinning soccer ball using a free flight test and computer fluid
dynamics (CFD) 3).
Methods
A free flight test using a smoke agent was conducted to visualise the air flow around a soccer ball
during its flight. A three-dimensional model of the Brazuca football (Adidas) used in this study was
constructed using data obtained from an AICON 3D laser scanner (Breuckmann GmbH) for CFD.
Aerodynamic simulations were performed using the PowerFLOW 5.1 commercial CFD software (Exa
Inc.) and the lattice Boltzmann method. The boundary layer was simulated by a sliding mesh
technique. The ratio of the peripheral velocity to the velocity through the air was denoted by Sp.
Results and Discussion
Through CFD, the average Cd of the spinning ball was determined to be approximately 0.28 for Sp =
0.1, 0.34 for Sp = 0.2, and 0.36 for Sp = 0.3, while the average Cl was determined to be approximately
0.22 for Sp = 0.1, 0.27 for Sp = 0.2, and 0.30 for Sp = 0.3. The large-scale counter rotating vortex pairs
observed from the free flight test and CFD results were found to deflect the separation line of the
boundary layer and the pressure distribution on the ball. The vortex pairs are thus considered one of
the causes of the side force that acted on the spinning balls. The vortex pairs in the wake of the
spinning ball (curve) tended to be stable. The side force was deduced to be generated by the largescale counter-rotating vortex pairs formed in the wake of the ball, in a manner similar to the effect of
the wing tip vortex on an aircraft. The stability of the counter-rotating vortex pairs in the wake of the
spinning ball is thus considered the reason for the stability of the side force coefficient.
Conclusion
In this study, we found that large-scale counter-rotating vortex pairs are one of the dominant vortex
structures for a spinning soccer ball. The large-scale fluctuation of the side force (Magnus force) on the
spinning ball was also determined to be smaller than that on the non-spinning ball. These findings
show that the flight trajectory of the spinning ball is regular and stable, and hence a curled shot or
pass can be aimed precisely from the beginning of its course.
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Introduction
Place kicking is an important method of scoring points in Rugby Union. Research in soccer kicking
identified the role of the support leg in achieving a fast ball velocity (Augustus et al., 2017). However,
as successful place kicking places tighter accuracy constraints on the kicker, these findings may not be
generalizable across football codes. Therefore, we investigated the role of support leg mechanics in
rugby place kickers.
Methods
33 experienced rugby kickers performed maximum range place kicks in a laboratory. Full body 3D
kinematics were recorded (240 Hz) synchronously with ground reaction forces underneath the support
foot (960 Hz). Joint mechanical flexion-extension time histories were calculated, and time-normalised
from support foot contact (SFC) to ball contact. Kickers were grouped based on the estimated
performance outcome of their best kick, if taken 32 m from the goal posts, and support leg mechanics
were compared between the successful and less successful (inaccurate; short) groups using
magnitude-based inferences and statistical parametric mapping.
Results and discussion
Joint mechanical profiles of the ankle and knee joints were similar to those previously reported from
other football codes. However, whilst a hip extensor moment was observed prior to ball contact, as in
other codes, most kickers demonstrated both flexion and extension at the hip meaning there was a
tendency for energy absorption during the final 75% of SFC, where energy generation has been
reported in soccer kicking (Inoue et al., 2014). No substantial differences were observed between the
successful and less successful kickers in the total positive or negative work done at each joint;
however, when considering just the first positive hip extensor phase (i.e. first 20% of SFC), inaccurate
kickers performed substantially more work than the more successful kickers (ES: 0.95, 90% CI: 0.74).
Conclusions
Our results demonstrate subtle differences in support-leg hip mechanics of inaccurate and accurate
rugby place kickers, both of which also differed from those reported for soccer kicks where a maximal
ball velocity was prioritised (Inoue et al., 2014). As motion at the other support leg joints was broadly
comparable, this suggests that hip joint motion may be important in achieving an accurate kick.
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Introduction
The aim of this study was to assess the physical fitness characteristics of elite female Zimbabwean
national team footballers, as a criterion for team selection ahead of the 2016 Rio Olympic Games.
Methods
Female footballers (N=30) {3 goalkeepers, 11 defenders, 12 midfielders and 4 strikers} participated in
the study, of which 16 {2 goalkeepers, 4 defenders, 8 midfielders and 2 strikers} participated in the
2016 Olympic Games. The footballers underwent the following anthropometric measurements and
physical fitness tests: sit-and-reach test, trunk hyper extension, 1 minute sit-ups, 1 minute push-ups, 1
minute squat thrust, vertical jump, standing broad jump, Illinois agility, 10m acceleration, 30m speed
run, and Yo-Yo intermittent level 1. The characteristics of the study sample were, mean age
24.42±3.36 years, body mass 57.2±7.14 kg, height 162.33±5.94cm, body mass index { 18.17±1.21
kg/m2 , percentage body fat 13.55±2.37% and the somatotype 3.15±1-3.91±0.94-2.36±0.99, classified
as endomorphic-mesomorph.
Results
A one-way analysis of variance showed that goalkeepers were significantly taller than defenders,
midfielders and strikers (p = 0.047). Furthermore, Fischer’s LSD indicated that goalkeepers scored
better than defenders in their peak power from the leg muscle power test. Goalkeepers’ performance
was poor against midfielders and strikers in the 1 minute squat thrust test. In the Yo-Yo intermittent
recovery level one test, goalkeepers covered a shorter distance than defenders and midfielders.
Comparison between the players who were part of the team that participated in Brazil and those that
did not make it into the team, show that players who went to Brazil performed better in Illinois agility
test, 1 minute push up and the Yo-Yo intermittent recovery level one test (p = 0.035; p = 0.005; p =
0.010). Results also show that players who did not make it into the Olympics squad had a larger
percentage body fat (p = 0.002).
Conclusions
Generally, female footballers in this study were older, exhibited inferior values in body composition
and physical physiological variables when compared to footballers from countries like Canada,
Hungary, United States of America among others. The results of this study will contribute to the scarce
information on African female footballers. Coaches aiming to be successful in international
competition need to select players with superior physical fitness characteristics.
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Introduction
Time is a necessity proclaimed by football coaches to perform a meritorious work. The playing
formations constrain game dynamics and players’ workload and should be considering during training
tasks design (Baptista, et al., 2018). It is very difficult for a coach in a training session to combine all
the work. The study object nature falls within the universe of social phenomena, and its analysis was
therefore sought to be consistent with this. The present study aims to identify, describe and
understand: (1) the importance of the visible effects of football coach intervention on a player’s
technical, tactical and strategic behaviour in a single training session; (2) the relation with real football
coach intervention and skills dimension used in coach process.
A systematic observation was carried out in 3 phases of the one single training session: (1) Ph 1exercises without coach intervention; (2) Ph 2 and Ph 3 - exercises with coach intervention. It is
intended to understand if players in a short period of time have visible behavioural changes. The main
objective was to observe what coach skill dimensions emerge, in that context, from the whole process.
Methods
Participants in the study were a football coach with UEFA Pro License, their technical team (two
assistant coaches) and a semi-professional football team, with 23 players. The training session was live
and filmed. The dynamic players’ positioning was gathered using non-differential 5Hz GPS system and
used to compute both individual and team level.
Data coding followed a progressive, three-level procedure with a priori patterns. The intentionality of
the coding process was not the production of descriptive evidence (generalizable) rather
conceptualized categories (Charmaz, 2006, Weed, 2009).
Results and Discussion
The results are not generalizable and are references for the deepening of the framework of the
coaches’ competences.
The use of verbal instruction in practical tasks can reinforce and highlight individual and collective
possibilities of action, providing a development of physical, technical and tactical skills (Williams &
Hodges, 2005).
The whole process of intervention - planning and operationalization of the training session, as well as
the observed results, allowed to verify that it is possible to change players' behaviours in a marked
way, in a short time, with different requirements.
From this intervention emerges a set of skills that were synthesized in a set of explanatory action
parameters observed. Those skills parameters are presented as a proposal for the football coach selfreflection and development of the competence, conscience and autonomy.
Conclusions
The explanatory action skills parameters were synthesized as follows: What is the purpose of the
training and transfer to the game? (i) Have "the idea" of how you want to play in game; (ii) Observe
and analyse the opponent; Analysis of the opponent to explore in training what was observed (iii)
Create exercises and their operation; Create exercises for your goals and operationalize them (iv)
Communicate with their athletes and empower them towards a collective behaviour, based on the
exercises proposed; (V) Adapt and/or adjust the exercises according to what they observe; (vi) Make
decisions in real time.
References
Baptista, J., Travassos, B., Gonçalves, B., Mourão, P., Viana, J. L., & Sampaio, J. (2018). Exploring the
effects of playing formations on tactical behaviour and external workload during football small-sided

games. The Journal of Strength & Conditioning Research, Publish Ahead of Print.
doi:10.1519/jsc.0000000000002445
Charmaz, K. (2006) Constructing Grounded Theory: A Practical Guide through Qualitative Analysis.
London: Sage Publications.
Weed, M. (2009). Research quality considerations for grounded theory research in sport & exercise
psychology. Psychology of Sport and Exercise, 10(5), 489- 580.
Williams, A. M., & Hodges, N. J. (2005). Practice, instruction and skill acquisition in soccer: challenging
tradition. Journal of Sports Sciences, 23(6), 637-650. doi:10.1080/02640410400021328
Presentation Theme: Coaching – Exploring the Science and Practice of Coaching
Keywords: football coach, intervention, skill dimensions

ANALYSING PERTURBATIONS AND THEIR IMPLICATIONS TO THE COACHING PROGRAM IN RUGBY
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Introduction
The measurement and evaluation of perturbations has been identified as a tool for analysing sports
performance (McGarry et al., 2002; McGarry, 2009). A perturbation can be identified as any action
which disrupts the stability of the game. This usually occurs following moments of brilliance (e.g., an
evasive manoeuvre) or through an error (e.g., a ruck turnover). Understanding how to effectively
perturb the defence in sevens rugby is essential for tactical preparation. The aim of this study was to
(a) identify any commonly occurring forms of perturbations; (b) gain an understanding of how, when
and where perturbations are occurring; and (c) whether certain forms of perturbations are more likely
to create scoring plays and lead to success.
Methods
Footage of 117 men’s and 65 women’s World Series Sevens games were analysed. From these games
the men’s competition identified a total of 1101 perturbations, while the women’s competition
recorded 601. Comparisons between winning and losing teams were examined through a series of
Wilcoxon Signed Rank Tests (p < 0.05). Chi Square tests of Independence were also conducted to
identify any associations between variables.
Results and Discussion
Results identified twelve commonly occurring types of perturbations. Furthermore, it was discovered
that there were differences between winning and losing teams in the number of perturbations
created, tries from perturbations and the percentage of perturbations converted into tries. Evasive
footwork in the middle of the field was the most commonly occurring perturbation type for both
genders. Variations were also evident between game quarters and tries were associated with
perturbations created closer to the attacking try line.
Conclusion and implications for coaches
It was identified that perturbations are associated with success for both men’s and women’s teams.
Further to this, commonly occurring perturbations were similar between genders. Evasive footwork
was identified as the most commonly occurring perturbation. The middle channel was also more
commonly associated with perturbations than the outer edges of the field. The results of this study
may assist with team selection, skill development and talent identification in sevens, with evasive skills
and agility being an integral aspect.
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Introduction
Previous research in association football has conveyed the value of measuring core cognitive
processes (i.e., Executive functions (ExF)) for talent identification. High division players displayed
greater performances on ExF tests compared to low division players, and therefore may be used as a
prognostic tool in football (1). The aim of this study is to examine if variables that influence ExF, such
as age or playing position, exist in a homogenous population of high-level players.
Methods
Data was collected biannually from the 2016/17 to the 2018/19 season. Players from the male U12 to
the 1st team (age range: 10.3-34.7) representing a professional German Bundesliga club were
measured on three computer-based cognitive tasks: a choice reaction time task (CRTT), a stop signal
reaction time task (SSRT) and a sustained attention task. In total, 849 observations from 316 individual
players were included in the analyses.
Results and Discussion
Linear-mixed random intercept models were used, where the individual player’s intercepts are
allowed to vary randomly. A second order polynomial appeared to best fit the data in this study and
revealed a main effect of age on CRTT and SSRT, where age only explained 5% and 9% of the explained
variance ((fixed effects only) = EV) respectively. Including random effects (Conditional Explained
Variance (fixed + random effects) = CEV) improved the accuracy of the model for SSRT but not for
CRTT (CEV 48% & 5%; p<.001). Furthermore, a significant main effect of both age and playing position
on response inhibition (EV 8%; CEV 48%; p<.005) was observed. Lastly, a significant interaction effect
of both age and playing position on the attention task’s number of correct answers (EV 40%; CEV 83%;
p=.02) and response time (EV 52%; CEV 83%; p<.001) was observed.
Conclusions
Collectively, age and playing position did not appear to be strong predictors of performance on ExF
tasks. A plateau in age-related increases in performance was identified after the average age of 21,
which is also in line with the normal developmental patterns of cognition found in non-sporting
populations (2). Thus, further investigations are warranted regarding the importance of high ExF
scores as an attribute that is required in professional football. Future studies should compare ExF
alongside other measures of performance as success in football is multidimensional.
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Introduction
Talent identification and development is an integral part of a football federations’ success. Currently,
there is no football specific definition of talent, and often the methods for selecting talented football
players are not evidence-based. To understand talent in football, research has mainly focused on
anthropometrical and physiological variables to predict future success. However, each variable is
typically studied in isolation and there is minimal research on the requisite technical, tactical and
psychological skills. Further, focusing on isolated variables is reductionist and does not consider the
interaction and influence of multiple factors on performance. The aim of the current study was to
apply a systems analysis framework to identify football player talent requirements. The intention was
to identify the variables important for the different playing positions and how these interact with one
another to form talent.
Methods
Eight elite level football coaches participated in a workshop or interview to identify the talent
requirements of six playing positions: goalkeeper, central defender, wide player, central defensive
midfielder, central attacking midfielder and striker. Models were subsequently developed for each
position using Work Domain Analysis (WDA), a human factors systems analysis method.
Results and discussion
The six WDA models describe the different talent requirements for each playing position. The analyses
describe the objectives of each position (e.g., score goals), the physical and cognitive functions
required to achieve the objectives (e.g., decision making) and how a coach would measure whether
the objectives are being met (e.g., goals scored).
The models go beyond anthropometric and physiological factors to describe also psychological (e.g.
situation awareness), technical (e.g. ball control), and tactical variables (e.g. maximise time and space).
They also show how the variables interact, demonstrating the complex nature of talent in football.
They are the first of their kind in talent identification research and provide practical and objective
templates for coaches when identifying talent.
Conclusions
This research has demonstrated that talent identification in football is complex, consisting of multiple
interacting and dynamic components of performance. As such, the use of systems analysis methods is
required to show this complexity compared to isolated and deterministic approaches prevalent in
talent Identification in football.
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Introduction
Talent identification research in soccer involves the prediction of elite soccer performance. Although
conventional research has mainly focused on isolated (e.g., physiological) components as predictors of
performance level, representative samples of in-game soccer behavior may improve predictions [1]. As
part of a longitudinal study, this pilot analysis compared the predictive validity of representative
samples of soccer performance in small sided games (SSGs), against the validity of performance on an
endurance, sprint and agility test.
Method
Sixteen players of the U-19 team and 18 players of the U-23 team of a professional soccer academy
participated in 11 (SD = 3) different 7-vs-7 games. Player’s performance was assessed based on the
result of each SSG through two measures: the average number of points obtained in an SSG (3 points
for a win system), and an Elo-rating. Standardized tests were used to assess speed, endurance, and
agility. Whole-season performance ratings (0 – 10) given by coaches at the end of the season were
used as a criterion measure.
Results and Discussion
For the U-19 players, average points per SSG (r = 0.44) and Elo-rating (r = 0.49) were substantially
stronger predictors of the coaches’ rating than speed (r = -0.08), endurance (r = 0.34), and agility (r = 0.08). Contrastingly, for the U-23 players, all variables correlated negatively with coaches’ rating.
Average points per SSG (r = -0.40), Elo-rating (r = -0.32), and speed (r = -0.42), had the strongest
negative correlations. Endurance (r = -0.12) and agility (r = -0.08) had small correlations. Possibly, the
contradictory findings may reflect differences in the construction of ratings in each group. Despite
inconclusive evidence, part of the results supports similar hypotheses in other domains [2].
Conclusion
Preliminary findings suggest that representative samples from SSGs are potentially stronger indicators
of soccer performance ratings than widely-used isolated components. However, given small sample
sizes and the inconsistent results for the U-23 players, general inferences regarding the predictive
value of this measure cannot be made yet.
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PLAYER MOVEMENT PROFILES ACROSS THREE LEVELS OF AMERICAN FOOTBALL: ACADEMY HIGH
SCHOOL, NCAA DIVISION 1 COLLEGE, AND NATIONAL FOOTBALL LEAGUE
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University, Tom Myslinski - Jacksonville Jaguars, Anthony Zimmer - IMG Academy
Introduction
The purpose of this study was to map player movement profiles across three levels of the elite player
pathway; Academy High School (AHS), National Collegiate Athletic Association (NCAA) Division 1
College (D1C) and the National Football League (NFL). A key aim was to provide information on those
movement components that clearly differentiate each performance level. This research will provide a
number of important applied outcomes for American football; namely 1) a framework for coaches at
each level of the elite pathway to adequately design practice sessions and periodized progressions
that are representative of game demands1, and 2), assist coaches to better facilitate the development
and transition of players to the next level of the pathway.
Methods
Practice and game data of player movement activity generated from player tracking units was
accessed from three levels of American football; AHS, D1C, and NFL. Data from all in-season games
and main practice sessions at each respective level was included in the study. Total number of inseason games differed between levels; AHS (8 games), D1C (12 games), and NFL (16 Games).
Movement measures included distance, high-speed distance >12mph and >18mph, maximum velocity,
explosive efforts, and player load. Data was further stratified across the three levels into broad
groupings for playing position 1) Skill (eg, wide-receivers and defensive-backs), 2) Big Skill (eg, tightends and linebackers), and 3) Big (ie, linemen). *Not all NFL game data was comparable due a separate
game-day system employed.
Results and discussion
Practice data revealed D1C Skill players recorded significantly higher values than NFL and AHS on
distance, high-speed distance >12mph and player load. NFL and D1C Skill players completed more
high-speed distance >18mph than AHS.
D1C Big Skill players recorded significantly higher values than NFL and AHS players on all measures
with the exception of maximum velocity.
NFL Big players recorded significantly higher values than D1C and AHS players on distance, high-speed
distance >12mph and explosive efforts. NFL and D1C Big players recorded greater player loads than
AHS.
Game data revealed D1C Skill players recorded significantly higher values than AHS players on all
measures with the exception of high-speed distance >12mph and maximum velocity.
D1C Big Skill players recorded significantly higher values than AHS players on distance, high-speed
distance >18mph, explosive efforts and player load. NFL and D1C Skill players completed more highspeed distance >12mph than AHS.
D1C Big players recorded significantly higher values than AHS players on distance, explosive efforts
and player load. NFL Big players completed more high-speed distance >12mph than D1C, and D1C
completed more than AHS.
Conclusions
Differences in player movement demands between AHS, D1C and NFL appears logical although this
may be more anecdotal than empirical at present. The results of this study highlight specific
movement differences across AHS, D1C, and NFL levels in the context of playing position. This
information can provide a data-driven framework to aid practice design and associated progressions
with the aim to best prepare players for the transition to the next level of football.
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THE KICKING CHARACTERISTICS OF WINNING TEAMS IN ENGLISH DOMESTIC PROFESSIONAL RUGBY
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Introduction
A higher frequency of kicks from hand is an important predictor of match outcome in domestic Rugby
Union (Bennett et al., 2019; Vaz et al., 2010). This appears to be more than just a direct function of a
team’s possession levels (Bennett et al., 2019) and thus a team’s kicking strategy is an important
tactical consideration. This study aimed to identify differences in the specific kicking characteristics of
winning and losing teams.
Methods
Details of all open play kicks taken in the English Premiership in the 2016/17 and 2017/18 seasons (n =
11,822 after exclusion of data from drawn matches) were recorded by an experienced analyst. Four
categorical variables were identified: kick type, kicker’s playing position, pitch area the kick was taken
from, and kick outcome. Differences in the total number of kicks and relative frequencies within
different category combinations were then explored between winning and losing teams.
Results and discussion
Winning teams took more total kicks in open play than losing teams (means for winning and losing
teams = 22.9 vs. 21.0 per match, respectively). Accounting for these differences, a higher proportion of
the winning team’s kicks were taken by scrum halves (38.6% vs. 33.9%), whereas losing teams relied
relatively more on the full back (12.9% vs. 16.0%). For both winning and losing teams, over 70% of
scrum half kicks were box kicks, and these were mostly taken from between the two 22 m lines. There
was a difference in the frequency of these box kicks which led to a positive outcome (i.e. led directly to
a try, clean break or half break; forced the opposition into a turnover; provided a large territory gain)
between the winning and losing teams (11.7% vs 7.5%). Whilst some of the differences may be due to
possession and territory, winning teams have a more effective box kicking strategy which may be due
to better kick execution, identification of opportunity, or collective kick follow-up as a team.
Conclusions
Winning teams kick more, particularly from the scrum half, but they also have a higher relative
frequency of positive outcomes from these kicks. An analysis of the interacting nature of the
categorical variables is currently being undertaken to explore these observations in greater detail, and
interactive data visualisation tools are being developed for use with practitioners. Future work should
also explore the technical and situational factors which contribute to this success.
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Introduction
Growth and maturation can lead to abnormal movement mechanics and increased injury risk in
adolescent soccer players during peak height velocity (PHV). Developing strength and motor control is
crucial for long-term athletic development (Lloyd et al., 2016), with an importance placed on early
engagement to develop correct motor control and reduce injury risk (Myer et al., 2013). Eccentric
training may benefit strength, flexibility and overall athleticism, relative to traditional dynamic
resistance training (Hoppeler, 2016) but data in youth athletes is lacking. Therefore, the current study
investigated strength, speed and flexibility adaptations following moderate-load eccentric versus
traditional training in youth soccer players at different stages of maturity.
Methods
Thirty-two male youth (12-15 yr) soccer players completed an 8-week block (Block 1) of traditional
dynamic resistance training (TRAD, repetition eccentric: concentric tempo=2:1). Subsequently, players
undertook further TRAD (n=9) or moderate-load eccentric training (ECC, n=13: tempo range 2:1-6:1)
for 12 weeks (Block 2). Maturation was estimated using age to/from PHV. Repeated measures
performance tests of 3RM back squat, linear (20 m) and change-of-direction (505 test) speed,
flexibility (sit-and-reach, straight leg raise [SLR]), and customised isometric mid-thigh pull (IMTP; Block
2 only) are reported.
Results and discussion
Participant time to/from PHV ranged from -1.57 to 1.95 yr. Block 1 (baseline to week 9 testing): TRAD
was associated with moderate to large increases in 3RM (mean ± SD, 43 ± 11 kg to 60 ± 13 kg; mean
change ± 90% confidence limits, 17 ± 10 kg) and left and right SLR (left, 11 ± 90% CL7 cm; and right, 14
± 90% CL 9 cm). 20 m sprint time moderately increased (3.42 ± 0.17 s to 3.51 ± 0.22 s; 0.09 ± 90% CL
0.08 s). There was no clear change in 505 or sit-and-reach performance. Block 2 (week 9 training to
week 21 testing): ECC training moderately increased 3RM (58 ± 13 kg to 76 ± 13 kg) and IMTP peak
force (905 ± 250 N to 1106 ± 318 N; 201 ± 90% CL 241 N) with large improvements in left and right SLR
(left, 13.1 ± 90% CL 6.4 cm; and right, 15.3 ± 90% CL 8.4 cm); while changes in 20 m sprint, 505 and sitand-reach were unclear. With TRAD, the only clear improvement was for 3RM (64 ± 12 kg to 83 ± 18
kg; 19 ± 90% CL 22 kg). Differences between TRAD and ECC were mostly unclear.
In youth soccer players with no resistance training history, 8 weeks of traditional dynamic resistance
training was associated with improved 3RM and SLR, but a reduction in 20 m speed. Both traditional
and moderate-load eccentric resistance training further improved 3RM, but only eccentric training
improved IMTP peak force and SLR. Overall, traditional dynamic resistance training at a 2:1 tempo may
benefit lower body strength and flexibility, but could be detrimental to speed. Subsequent moderateload eccentrics of up to 6:1 tempo may further benefit strength and flexibility.
Conclusion and Practical Applications
Moderate-load eccentrics are a training variation practitioners may choose to implement by simply
increasing the duration of the eccentric phase of a resistance exercise, with a trade-off being reduced
absolute load. Undertaking moderate-load eccentrics following traditional resistance training might
benefit lower body strength and flexibility during peak height velocity in youth soccer players, and so
may be a useful adjunct to traditional resistance training.
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BENCHMARKING KICKING SKILLS ACROSS THE TALENT PATHWAY IN AUSTRALIAN FOOTBALL: THE
DEVELOPMENT OF A KICKING TEST TO ASSESS AUSTRALIAN FOOTBALL KICKING PROFICIENCY
Nathan Bonney - Victoria University, Jason Berry - IMG Academy, Kevin Ball - Victoria University,
Paul Larkin - Victoria University
Introduction
In Australian Football (AF), the ability to proficiently kick the ball is a critical skill and has been shown
to be advantageous to a team’s success however a valid and reliable match-referenced kicking test
remains absent. Therefore, the aim of this study was to develop a valid and reliable AF kicking test
comparative to match play kicking performance.
Methods
Youth male AF players (n = 251) were recruited from a local club (novice; U14: n = 28; U16: n = 69;
U18: n = 47); a state junior representative group (sub-elite; U16: n = 22; U18: n = 26) and a national
junior representative group (elite; U16: n = 4; U18: n = 55). Six U18 sub-elite matches and 19 elite
senior AFL matches were analysed to identify the in-game constraints of match-play kicking. In total,
fourteen kicks (i.e., seven match specific kicks in one direction and then the same seven kicks repeated
back in the opposite direction) were completed during the test. Logical validity was assessed from
players and coaches (5-point Likert scale), construct validity (One-Way ANOVA), effect mean
differences, 95% confidence limits (CL) and magnitude-based inferences were all calculated. Reliability
was measured by test-retest assessment using ICC, CV and SEM.
Results and discussion
Players and coaches agreed the test can assess kicking efficiency and was representative of match-play
kicking patterns (mean ± SD; 3.6 ± 0.66; 3.88 ± 0.78). Construct validity highlighted overall score,
station score, max velocity and meters per min all improved as age progressed. Analysis of skill group
indicated a moderate to large difference between elite U18 and sub-elite U18 (0.76, 0.25-1.21), a
possibly large difference between elite U18 and novice U18 (1.12, 0.70-1.53) and a small to medium
difference between sub-elite U18 players and novice U18 players (0.46, -0.03-0.94). On average,
players increased kicking proficiency by 21.56% from U14 to U16 and by 11.98% from U16 to U18.
Reliability of the test was good (ICC = 0.90 ± 0.78-0.96; CV = 9.84, SEM 1.89), with ICC being excellent
(ICC = 1). The developed AF kicking test was the first AF specific skill test to consider and apply matchplay kicking constraints to make a more ecologically valid assessment. This study provided evidence
the kicking test can distinguish across and between age and skill groups. These data contribute
significantly to coaches as they provide an indicator of player kicking performance during competition,
rather than specific details on how they will perform the skill.
Conclusions
Kicking acquisition appears to be most optimal between the age groups U14 and U16, highlighting an
important timeframe for coaches to consider. Assessments from this test can be used as a way to
measure and monitor kicking performance along the talent pathway, to profile players and display
their strengths whilst identifying specific areas of improvement
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SMALL-SIDED GAMES IN AUSTRALIAN FOOTBALL – THE CREATION, IMPLEMENTATION AND
APPLICATION TO SPORT
Nathan Bonney - Victoria University, Kevin Ball - Victoria University, Paul Larkin - Victoria University
Introduction
Small-sided games (SSGs) have been used extensively in sport training due to their ability to integrate
the key performance demands (i.e., technical, tactical, physiological and psychological) within the one
task. Currently, there are no Australian Football (AF) skill assessment protocols available that consider
in-game performance constraints (e.g., ball delivery modality, pressure, location, opposition). The aim
of this study was to develop a valid and reliable Australian Football SSG kicking proficiency assessment
and discuss how these results can be used to inform decision making.
Methods
Youth male Australian Football players (n =145) from different stages within the AF talent pathway
were recruited. Six U18 sub-elite matches and 19 elite senior AFL matches were analysed to identify
the in-game constraints of match-play kicking. Constraints included the distance of the kick (i.e., more
kicks were performed <40m than >40m); how the kick was delivered (i.e., more kicks were delivered
from a stationary position than from a running movement); locomotion of the player receiving the ball
(i.e., more kicks were delivered to a leading player than a stationary player); and the type of kick
performed (e.g., switching play to the opposite side of the ground; kicking for goal). Logical validity (5point Likert scale), construct validity (One-Way ANOVA) with 95% confidence limits (CL), effect sizes
with magnitude-based inferences and the standard error of measurement (SEM) were all calculated.
Reliability was measured by test-retest assessment using the ICC with 95% CL, the coefficient of
variation and the SEM.
The game commenced inside the 50m arc with a 5m zone outside the 50m line. Playing formation was
5v5 and a floater. The floater was always on the attacking team. The attacking team needed to
complete a minimum of two kicks before attempting to make a successful kick into the 5m zone. If the
pass was unsuccessful (i.e., the ball is dropped) the opposition obtained possession. If successful, the
attacking team must complete another two kicks before a goal is attempted. Game duration involved
4 x 3min quarters with 60 seconds recovery between the 1st and 2nd and 3rd and 4th quarters and 90
seconds between the 2nd and 3rd quarters. If the ball went over the boundary line the opposition was
awarded a free kick and to ensure the focus was on kicking, after every handball a kick needed to be
executed. Goal posts were used however, after a score (point or goal) the opposition had to play the
ball immediately (extra balls were placed behind the goal posts in an attempt to maximize game time).
When taking a set shot at goal players were allowed 15 seconds before ‘play on’ was called. When a
‘Free Kick’ or mark was awarded players had 10 seconds to dispose of the ball however, these time
allocations were rarely reached. All other AFL rules were followed.
Results and discussion
Coaches and players agreed the test can assess kicking efficiency and was representative of matchplay constraints. There was a large difference between the U14 and the U16 age group (Cohens d =
1.2, p = 0.000,) and the U14 and U18 age group (Cohens d = 1.6, p = 0.001). There was not a significant
difference between the U16 and U18 groups. Sub-elite players were significantly more proficient at
delivering the ball than novice players (Cohens d = 1.9, p = 0.000). The largest improvement occurred
from U14 to U16 (27.5%) and then stabilised from U16 to U18. Reliability of the test was good
(ICC>0.8, %CV = 15.9, SEM = 3.3) and the intra-rater correlation was excellent (ICC = 1).
The developed AF SSG test was the first AF specific skill test to consider and apply match-play kicking
constraints to make a more ecologically valid assessment. This study provided evidence the SSG can
distinguish across and between age and skill groups. These data contribute significantly to sport
science research as they provide an indicator of player kicking performance during competition, rather
than specific details on how they will perform the skill.

Conclusions
Kicking acquisition appears to be most optimal between the age groups U14 and U16, suggesting an
important timeframe for sport scientists and coaches to consider. Assessments from this test can
potentially be used as a way to measure and monitor kicking performance along the AFL talent
pathway, to profile players and display their strengths whilst identifying specific areas of
improvement.
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THE INFLUENCE OF BIO-BANDED COMPETITION ON PLAYER PERFORMANCE DURING TID: A PILOT
STUDY
John Brannan - The University of Sydney
Introduction
In line with current research (Malina et al., 2004), Football Federation Australia (FFA) has recognised
that differences in maturation status influence performance and, therefore, impact the efficacy of
talent identification (TID). FFA hypothesised that the application of bio-banded (BIO) match
conditions, grouping players as Early, Normal and Late developers, may address this issue by creating a
more equitable setting. The aim of this pilot study was to examine the impact of bio-banding (BB) by
employing a match-analysis methodology to compare performances in regular and BIO games.
Methods
The participants (n=15, age= 14.87  0.35 years) were selected from a cohort of footballers competing
in the 2017 NTC Boys Challenge. Performances in State (n=35) and BIO games (n=6) were coded with
SportsCode Pro Review using four of FFA’s Six Competencies (Mentality of a Winner; Explosiveness;
Game Intelligence; Body & Ball Control). BIO teams were categorised based on the participants’
somatic maturity, using Mirwald’s formula for Age At Peak Height Velocity (APHV), from which the
following classifications were used: Early=APHV <13.5 years (n=5); Normal=APHV 13.5–14.5 years
(n=6); Late=APHV >14.5 years (n=5). The differences between game formats were analysed (paired ttest and Mann-Whitney U) in a comparative case-study design.
Results and Discussion
Significant differences (p<0.05) were observed in a range of performance variables for an array of
participants from each of the BIO categories, including those associated with positive and negative
actions. For example, several Early developers exhibited more commitment but failed to regain
possession more often in BIO games compared to State games, suggesting that BIO games presented a
greater physical challenge. A number of Late developers displayed more explosive actions but also
performed more incorrect decisions, implying that the BIO format afforded opportunities to display
physical attributes and attempt new skills that may otherwise be suppressed within age-group
competition. In terms of TID, the ability for scouts to observe a greater number and variety of actions
may enhance the potential to make accurate TID decisions.
Conclusions
Whilst BB has an important role in the TID environment, the observed variability within BIO groups
implies this format should not be viewed as a panacea. Rather, it is proposed that it may be used to
augment current TID methods.
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Introduction
Football is often deemed unpredictable because players make split-second decisions as they react to ever
changing game conditions. Little is known about the underlying physical processes that happen on the pitch
[1]. In this paper, we investigate the dynamics of one of the game’s most fundamental aspects: dribbling.
The study combines physical and behavioral aspects of players and incorporates interactions between
players as well.
Methods
In collaboration with FC Barcelona Innovation Hub we present a novel and simple mathematical model that
captures the essential dynamics of 1v1 dribbling, named attacker-defender model (ADM). The attacker and
defender’s movements are modelled by a pair of ordinary differential equations, parametrized with several
player-specific coefficients. These parameters represent physical capabilities, e.g. response time and peak
velocity, as well as behavioral aspects, such as attacking aggressiveness and defending hesitance, and can
thus be attributed to player’s athletic abilities and football intelligence. In this study, we fed real-game
tracking data from FC Barcelona to a constrained optimization algorithm to fit the dribbling trajectories. In
addition, we performed analysis on the player-specific parameters that we obtained from the trajectory
fitting.
Results and Discussion
Firstly, we show that the proposed ADM accurately reproduces the trajectories of most of the observed
real-game 1v1 dribbles. Secondly, to gain further insight in the player-specific parameters, we simulate
dribbling situations with the ADM to perform parameter sweeps. In this analysis, we identify seven different
parameter configurations whose simulated trajectories correspond to seven different dribbling scenarios
that can be observed in real football games, thus enabling the parametric characterization of dribbles.
Conclusions
The ADM developed captures previously unquantifiable traits, reproduces 1v1 dribbling trajectories of realgame tracking data, and predicts the behavior of attacking and defending players. The ADM is a valuable
approach for understanding the physics behind dribbling, and paves the path towards quantifying more
complex interactions, for instance 2v1 or 2v2 dribbling scenarios.
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Introduction
Coaches carefully plan training sessions in order to improve team performance. However, a mismatch
may exist between the intended exertion of the coach and the perceived exertion of the players (Brink
et al., 2014). To date, it is unknown if this mismatch is related to wellbeing of players. Therefore, the
aim of this study is to determine the mismatch between coach and players' perception of exertion and
assess its relation with player wellbeing.
Methods
Seventeen players (age: 19.4 ± 1.0 y; height: 181.8 ± 4.8; mass: 74,. ± 6.2 kg) of a professional U23
team participated in the study together with their coach. During 9 weeks pre-season, the coach rated
the intended exertion (RIE) before each training session. After the training, players rated their
perceived exertion (RPE). At the start of each week, the players answered five questions about their
wellbeing (McLean et al., 2010). Differences between RIE and RPE over the past week were related to
weekly wellbeing.
Results and discussion
In total, 547 pairings between RIE and RPE were included and 137 wellbeing questionnaires. The mean
absolute mismatch was 1.1 ± 0.5. Mean wellbeing (0-25) was 19.0 ± 1.8. Multilevel analyses showed
that a mismatch was related to fatigue and muscle soreness, but not to sleep quality, stress and mood.
Conclusion
A mismatch between coach and players’ perceptions of exertion is related to fatigue and muscle
soreness of soccer players. Continuous monitoring of RIE and RPE may identify players at risk for
impaired wellbeing. If needed, coaches could adapt future training sessions or apply intervention
strategies to reduce fatigue and muscle soreness.
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Introduction
Representative learning design (RLD) is a theoretical framework that advocates the modification of
task constraints in training to align with match environments1. Currently, an objective understanding
of match constraints and their interaction in team sports is unclear2. Development of analytical
methodologies that describe how constraints influence events within match conditions is required to
implement RLD. This study seeks to develop a methodology which can be implemented in sport by
analysing field kicking constraints in Australian Football (AF).
Method
Uni-, bi- and multi-variate analysis were used to examine the interaction of match constraints. A
sample of kicks (n=29,153) was collected from three tiers of AF competitions: Under-18 leagues, State
level leagues and the Australian Football League (AFL). To define match conditions, the coded
constraints were possession source, time in possession, pressure type, kick distance, velocity and kick
target. The outcome of each kick was recorded as effective or ineffective. The a priori algorithm was
used to develop rules based on the frequency and strength of association between constraints and
kick outcome.
Results and discussion
Of the recorded constraints, the uni-variate analysis demonstrated that physical pressure resulted in
the lowest kicking effectiveness (37%). However, the bi-variate analysis showed effectiveness under
physical pressure changes with the addition of the time in possession constraint from 37% (<2 s) to
71% (4-6 s). A multi-variate analysis revealed the 10 most confident rules for each tier, and a
comparison revealed seven unique rules, four rules shared between two tiers and five shared across
all tiers.
A multi-variate analysis offers more specificity to individual events than uni- and bi-variate analysis. A
multi-variate comparison demonstrated unique kicking effectiveness under the same constraints
across tiers, with AFL ranking highest in all. Understanding this, coaches may objectively analyse player
performance based on match constraints. Moreover, if constraint types can be replicated and
augmented during training this may accelerate player performance in match environments.
Conclusion
The multi-variate approach provides greater specificity in the analytical method to understanding the
interaction of match constraints. This insight into match conditions and the influence upon kick
effectiveness may allow replication within the training environment to affect player performance.
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Introduction
The aim of this study was to give an insight and comparison into the demands of English Premier
League (EPL), and Championship soccer placed upon match referees. It was hoped this would allow a
more in-depth look at physical profiles and movement characteristics of referees to aid their physical
training and talent development.
Methods
Twenty elite-level officials were randomly selected (ten EPL and ten Championship referees) from all
PGMOL officials who officiated during soccer matches of the 2017/2018 season. Participants match
activities were monitored using microsensor units containing a 10 Hz global positioning system and a
100 Hz triaxial accelerometer (MinimaxX v5.0, Catapult Innovations , Melbourne, Australia).
Results and Discussion
Briefly, it was found that EPL officials covered more distance walking throughout the season than
Championship level officials. Both sets of officials also covered more distance walking as the season
progressed, with quarters 3 and 4 being significantly higher than quarters 1 and 2. Conversely, EPL
officials covered less distance jogging throughout the season than the Championship Level officials.
Both sets of officials covered less distance jogging in quarter 4 compared to quarters 1, 2 and 3. At
higher speeds both sets of officials covered more distance running as the season progressed, with
quarters 3 and 4 being significantly higher than 1 and 2. However, both sets of officials covered less
distance sprinting as the season progressed, as quarters 3 and 4 were significantly lower than quarters
1 and 2. When considering the ‘ranking’ of the match (based upon where the two teams were in the
league) EPL officials covered more distance in the higher ranked games on average than the
championship officials, whereas the Championship officials covered more in the mixed ranked games.
Conclusions
The current study provides up to date data regarding EPL and for the first time English Championship
referee match demands. Secondly, again, for the first time it provides comparison between the two
levels. This allows a more in depth look at the physical profiles and movement characteristics of
referees, which may aid physical training. Moreover, it may provide the first step for a framework to
allow referees to develop towards the highest level.
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Introduction
The Australian Football League Women’s (AFLW) competition, launched in 2017, enabled women to
compete in an elite Australian Football (AF) competition for the first time. In sports similar to AF,
women have 2–5 times greater risk of serious knee injury than men. This risk is unacceptably high,
especially as the benefits of injury risk reduction (IRR) programs for women are well known.(1) The
purpose of this study is to identify the critical elements of an AFLW-specific knee IRR program.
Study design: Concept Mapping.(2)
Methods
We used an online platform to collect and analyse data from 27 experts (22 support staff (e.g.,
physiotherapists) from AFLW, AFL, and other elite female teams; 5 AFLW players). Participants
brainstormed the critical elements (activities, exercises, etc.) that should be included in an AFLWspecific knee IRR program. Participants then sorted the brainstormed elements into groups, and
rated each element for relative importance (0=least to 5=most) and feasibility (0=hardest to
5=easiest) to include in the program. Data analysis involved multidimensional scaling, hierarchical
cluster analysis, and calculation of mean ratings for each element.
Results and discussion
Participants brainstormed 56 statements. The research team then synthesised these to 62
statements, which participants then sorted and rated. A 5-cluster solution identified the following
concepts to include: Football-specific preparation (15 statements); Movement skills (17 statements);
Strength & Conditioning (15 statements); Individual preparation (7 statements); and Education (8
statements). The Movement skills elements (e.g., jumping/landing drills with AF-specific
perturbations) were rated most important (3.61 out of 5). Football-specific preparation elements
(e.g., activities to transfer footwork and change of direction tasks to agility in match stimulation
drills) were rated most feasible (3.75). By contrast, the Individual preparation elements were rated
the least important (2.90), and the least feasible (3.12), to include in the AFLW-specific knee IRR
program.
Conclusion
The Movement skills, Strength & Conditioning and Individual preparation clusters identified in this
study are similar to the components included in other neuromuscular training programs (e.g.
Knäkontroll (3) and the FIFA 11+ (4)). The Football-specific preparation and Education clusters are
unique components that, when combined with existing research evidence and clinical experience,
provide a sound basis for developing a knee IRR program that is specific to the game and context of
AFLW.
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Introduction
Anterior cruciate ligament (ACL) ruptures are prevalent in all football codes. Recent statistics suggest
women playing elite Australian Football (AF) have 9.2 times greater risk of an ACL injury compared to
elite male AF players. Knee flexor strength may be an important modifiable risk factor for ACL injury.
An improved understanding of knee flexor strength and the impact of prior ACL reconstruction
(ACLR) on knee flexor strength in elite female AF players is an important first step towards designing
injury risk reduction training programs and rehabilitation strategies for these athletes. The aim of
this study was to examine eccentric knee flexor strength during the Nordic hamstring exercise (NHE)
in elite female AF players with and without a history of ACLR (using an ipsilateral semitendinosus
graft).
Methods
This case-control study was undertaken during the pre-season of the 2018 elite Australian Football
League Women’s (AFLW) competition. Eighty-four elite female AF players with (n=12) and without
(n=72) a history of unilateral ACLR in the previous 10 years had their peak eccentric knee flexor
strength assessed during the NHE using a NordBord (Vald Performance).
Results and Discussion
Elite female AF players without a history of ACLR displayed average (± SD) eccentric knee flexor
forces of 267 ± 58 N during NHE. Athletes with a history of unilateral ACLR displayed lower levels of
eccentric knee flexor strength in their surgically reconstructed limb than their uninjured
contralateral limb (mean difference -53.77 N, 95% CI = -85.06 to -24.27, d = -0.51), and compared to
the limbs of players with no history of injury (mean difference = -46.32 N, 95% CI = -86.65 to -11.13,
d = -0.73). Peak eccentric knee flexor strength for players with no history of injury was greater in the
dominant than non-dominant limb (mean difference = 16.15 N, 95% CI = 8.53 to 23.81 N, d = 0.21).
Strength deficits persisted despite players being a median of 4.5 years (range = 1-10 years) postreconstruction, and having undergone rehabilitation sufficient to return to their pre-injury (or
higher) level of training and competition.
Conclusions
Elite female AF players with a history of unilateral ACLR using a semitendinosus graft, display deficits
in eccentric knee flexor strength in the surgically reconstructed limb for up to 10 years following
surgery. This has clinical implications for current ACLR rehabilitation and possible ACL injury targeted
risk reduction strategies.
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EFFECTIVENESS OF TREADMILL VERSUS GROUND-BASED SPEED TRAINING ON SPEED, POWER, AND
HIGH INTENSITY RUNNING ABILITY IN ELITE YOUTH FEMALE SOCCER PLAYERS
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Introduction
Speed, power, and high-intensity running ability are important components of physical performance
in soccer, and the use of high-speed running treadmills is emerging as a means of improving these
physical components. The aim of our study was to determine and compare the effectiveness of
treadmill (TT) versus ground-based (GBT) speed training programs on speed, leg power, and highintensity running ability in elite youth female soccer players.
Methods
19 youth female soccer players (aged under-14 to under-15) underwent pre- and post-training
assessments of speed (10-, 20-, and 35 m), leg power (countermovement jump; CMJ), and highintensity running ability (Yo-Yo Intermittent Recovery Test; YYIRT). Players were randomly assigned
to 3 groups; TT, GBT, and Control (CT). TT and GBT groups performed a 10-week, 1 training session
per-week training protocol similar to that used by Tonnessen et al. (2011), while the CT group
performed only their normal team training. Training volume and intensity, including number of
sprints and sprint speeds, were kept consistent between the TT and GBT groups. TT training sessions
were conducted using the Tuff Tread HS Elite High-Speed Running Treadmill (Tuff Tread Inc.) and
GBT training sessions were conducted on an indoor turf soccer field. A mixed design, repeated
measures analysis of variance (ANOVA) was used to analyze and compare the differences in scores
between the TT, GBT, and CT groups pre- and post-training intervention, for all outcome measures
used (speed, CMJ, and YYIRT).
Results and Discussion
In speed testing, TT elicited a significant improvement (p < 0.05) in both the 10-, 20- and 35-m speed
tests (mean pre- and post-training sprint times in TT were 1.94 s - 1.84 s, 3.38 s -3.23 s, and 5.45 s 5.20 s, respectively), whereas GBT did not. Neither TT nor GBT elicited significant improvements in
either YYIRT or CMJ.
Conclusions
Results of this study indicate that speed training using TT may be more effective than speed training
using GBT in improving speed and acceleration in female soccer players, but not in improving leg
power or high intensity running ability. Further research is warranted, including research using
different protocols of TT and GBT, as well as research using larger sample sizes.
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GAME VERSUS PRACTICE MOVEMENT PROFILES OF AMERICAN FOOTBALL PLAYERS AT ACADEMY
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Introduction
The purpose of this study was to investigate player movement activity during games compared to
practice sessions across three levels of the elite player pathway; Academy High School (AHS), National
Collegiate Athletic Association (NCAA) Division 1 College (D1C) and the National Football League (NFL).
The main aim was to explore those movement activities that are clearly associative, or clearly
dissociative between games and practice. This research will elucidate the presence and level of any
disparity between games and practice at each level of the elite player pathway. This new knowledge
will allow a more informed approach to the representative design1 of practice leading to potential
improved performance and mitigated risk of acceleration-deceleration induced soft-tissue injury2.
Methods
Game and practice data of player movement activity was accessed from three levels of American
football; AHS, D1C, and NFL. Data from all in-season games and associated weekly practice at each
level was included in the study. Total number of in-season games differed between levels; AHS (8
games), D1C (12 games), and NFL (16 Games). Movement measures included distance, high-speed
distance >12mph and >18mph, maximum velocity, explosive efforts, and player load. Data was further
stratified across the three levels into broad groupings for playing position 1) Skill (eg, wide-receivers
and defensive-backs), 2) Big Skill (eg, tight-ends and linebackers), and 3) Big (eg, linemen). *Not all NFL
game data was comparable due a separate game-day system employed.
Results and discussion
AHS Skill players recorded significantly higher values during games compared to practice on all
measures with the exception of high-speed distance >18mph, maximum velocity and player load.
AHS Big Skill players recorded significantly higher values during games compared to practice on highspeed distance >12mph only. Distance and player load was higher in practice compared to games.
AHS Big players recorded significantly higher values during practice compared to games on distance,
high-speed distance >12mph and player load.
D1C Skill and Big Skill players recorded significantly higher values during games compared to practice
on all measures with the exception of maximum velocity and player load.
D1C Big players recorded significantly higher values during games compared to practice on all
measures with the exception of high-speed distance >18mph and maximum velocity.
NFL Skill, Big Skill and Big players covered significantly more distance during games compared to
practice at high-speed distance >12mph. All NFL position groups recorded higher maximum velocity
during games compared to practice.
Conclusion
This study provides a critical insight into the scope and direction of player movement profile
differences between practice activities and the game across AHS, D1C and NFL football. While intuitive
that games are higher intensity compared to practice, the information presented herein provides a
framework to examine specific movement requirements in the context of playing position. The scope
and direction of known differences between the game and practice can aid practice design leading to
improved performance and injury mitigation outcomes.
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Introduction
Sport is generally presented as a relevant way of promoting ethics, in particular for children and young
adults. However, one is more often confronted in media with unethical behaviours, transgressing
sports rules, than with fair play behaviours. It seems important to identify which factors are likely to
influence these behaviours, in order to target more specific and relevant forms of action (Kavusssanu
& Boardley, 2009). The role of the coaches often appears to be important, because they constitute
models, in particular for the youngest players. In another way, values are general principles that guide
behaviour across different social situations. So, they should underpin decision making in sport,
specifically those pertaining to achievement and morality. Evaluating sports-related values among
players seems unavoidable when one is interested in sporting ethics (Lee, Whitehaed, N’Toumanis, &
Hatzigeorgiadis, 2008). The aim of this study is to analyse pro-social and anti-social behaviours
implemented by players in soccer and rugby and to identify the role of their sport-related values and
their perception of the coaches’ behaviours.
Methods
421 soccer players and 164 rugby players were included in the study. Questionnaires measuring sport
values, anti-social and pro-social behaviours declared by players, and anti-social and pro-social
behaviours of coaches perceived by players were used.
Results and Discussion
The main results revealed first that status-related values, as well as anti-social behaviours of coaches,
were significant predictors of anti-social behaviours declared by players. But a significant effect of type
of sport (soccer/rugby) was also observed for moral-related values and anti-social behaviours of
players and coaches. Finally, significant differences were revealed according to the target of anti-social
and pro-social behaviours (opponent, teammate, referee).
Conclusions
This study provides evidence indicating the fundamental role played by coaches in the regulation of
ethics behaviours in sport.
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Introduction
Sport is generally presented as a relevant way of promoting ethics, in particular for children and young
adults. However, one is more often confronted in media with unethical behaviours, transgressing
sports rules, than with fair play behaviours. An ambitious project named Ethics4Sports, co-funded by
Erasmus + Programme of the European Union, has been conducted in order to target more specific
and relevant forms of action. The aim of the project was to identify and implement ways of promoting
ethics and fair play in grassroots sports and to ensure their effective enforcement.
Methods
Four steps were identified:
a) Evaluate what has already been done in different clubs (locally or more broadly);
b) Consider how we can best evaluate ethical and unethical behaviour in sport and capture its
manifestations;
c) Present proposals to carry out these evaluations and identify needs within the sport structure
investigated;
d) Present some early results following these initial investigations. Several tools were then developed
and tested in relation with clubs involved in ethics thematic.
Results and Discussion
a) A preliminary online survey conducted with players of club implementing a charter and actions to
promote ethics in sport showed that around 75% of those are aware of these actions and that the
different ways of promoting are not so relevant;
b) It appeared to us that the tools had to be adapted to the specificities of each sports organization. As
a result, several types of tools such as short and easily transferable questionnaires for athletes, several
types of actions to involve parents and help coaches, online training workshop, etc. have been
developed;
c) Satisfaction surveys for these different actions / tools have been proposed to allow their evolution
over the long term.
Conclusions
The tools proposed at the beginning of the project, and in particular the questionnaires, were the
subject of a progressive simplification to fully adapt to the very young public. Very positive feedbacks
have been obtained about the various devices proposed but these generally require a strong
involvement and specific skills within the structure, which can be problematic in small structures
versus large structures.
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MODELLING TRAINING LOADS AND INJURY: METHODOLOGICAL ISSUES AND IMPROVED STRATEGIES
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Introduction
The purpose of this study was to evaluate common modelling methods in training load and injury risk
research that discretise continuous variables and injury probability estimates; and to present improved
modelling strategies.
Methods
Training load data were pooled from Australian football (n=2,550) and soccer (n=23,742) populations to
create a representative sample of acute:chronic workload ratio observations for team sports. Injuries
were simulated in the data using three pre-defined risk profiles (U-shaped, flat and S-shaped). Onehundred datasets were simulated with sample sizes of 1000 and 5000 observations. Discrete modelling
methods were compared to continuous methods (spline regression and fractional polynomials) for their
ability to fit the defined risk profiles. Models were evaluated using measures of discrimination (area under
ROC curve) and calibration (Brier score, logarithmic scoring).
Results and discussion
Discrete models were inferior to continuous methods for fitting the true injury risk profiles in the data.
Discrete methods had higher false discovery rates (16-21%) than continuous methods (3-7%). Evaluating
models using the area under the receiver operator characteristic (ROC) curve incorrectly identified
discrete models as superior in over 30% of simulations. Brier and logarithmic scoring was more suited to
assessing model performance with less than 6% discrete model selection rate.
Conclusions
Many studies on the relationship between training loads and injury that have used regression modelling
have significant limitations due to improper discretization of continuous variables and risk estimates.
Continuous methods are more suited to modelling the relationship between training load and injury.
Comparing injury risk models using ROC curves can lead to inferior model selection. Measures of
calibration are more informative when judging the utility of injury risk models.
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OPTIMISING PRE-SEASON TRAINING LOADS IN AUSTRALIAN FOOTBALL
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Introduction
The purpose of this study was to investigate whether training load guidelines for injury risk reduction and
performance improvement can be incorporated into an optimisation framework to generate pre-season
training plans for Australian Football.
Methods
A constrained optimisation problem was defined for daily total and high speed running distance, using the
pre-season schedule of an elite Australian football team as a template. Maximising total training volume
and maximising Banister model [1] projected performance were considered as optimisation objectives.
Cumulative workload and acute:chronic workload ratio constraints were placed on training programs to
reflect guidelines on relative and absolute training loads for injury risk reduction[2]. Optimisation
software was then used to generate pre-season training plans.
Results and discussion
The optimisation framework was able to generate training plans that satisfied relative and absolute
workload constraints. Increasing the off-season chronic training loads enabled the optimisation algorithm
to prescribe higher amounts of ‘safe’ training and attain higher projected performance levels. Simulations
showed that using a Banister model objective led to plans that included a taper in training load prior to
competition in order to minimise fatigue and maximise projected performance. In contrast, when the
objective was to maximise total training volume, more frequent training were prescribed in order to
accumulate as much load as possible. An optimisation approach provides an adaptable framework for
physical preparation staff to quickly create athletic training plans that objectively optimise training goals
whilst satisfying injury risk constraints, without exposing their plans to subjective bias.
Conclusions
Feasible training plans that maximise projected performance and satisfy injury risk constraints can be
automatically generated using an optimisation framework in Australian football. This approach can
provide an artificial testing environment to compare individualised training plans generated under
changing training objectives and different training load metrics.
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DOES THE FUNCTIONAL MOVEMENT SCREEN (FMS) HAVE AN ASSOCIATION WITH INCREASED
INJURY RISK IN SPORTING POPULATIONS: A SYSTEMATIC REVIEW AND META-ANALYSIS
Emma Moore - University of South Australia, Joel Fuller - Macquarie University, Samuel Chalmers Western Sydney University, Steve Milanese - University of South Australia
Introduction
Studies investigating the association between the Functional Movement Screen (FMS) and sports
injury risk have reported mixed results across a wide range of athlete populations. The aim of this
systematic review was to identify whether athlete age and sport type contribute to the variable
findings.
Methods
A systematic search was conducted in March 2018 using PubMed, EBSCOhost, Scopus, EmBase and
Web of Science databases. Studies were included if they (1) were peer reviewed and published in
English, (2) included athletes from any competition level, (3) performed the full FMS testing battery
at baseline to determine risk groups from FMS scores or asymmetry, and (4) prospectively observed
injury incidence during training and competition. Study eligibility assessment and data extraction
was performed by two reviewers. Odds ratio (OR), sensitivity and specificity were determined for
each study and synthesised using random effects meta-analyses with inverse variance weighting.
Sub-group analyses were based on athlete age and sport type. Effects were presented with 95%
confidence intervals and I2 measures of statistical heterogeneity.
Results and Discussion
Twenty-six studies were included in the FMS score meta-analysis. There was a smaller effect and less
heterogeneity for junior (OR=0.84 [0.63–1.12]; p=0.24; I2=0%) compared to senior athletes (OR=1.82
[1.22–2.71]; p<0.01; I2=59%). FMS scores were more likely to be associated with increased injury risk
in rugby (OR=5.92 [1.67–20.92]; p=0.01; I2=0%), and to a lesser extent American football (OR=4.41
[0.94–20.61]; p=0.06; I2=69%) and ice hockey (OR=3.70 [0.89–15.42]; p=0.07; I2=0%), compared to
Australian football, soccer, basketball, cricket, CrossFit, handball, rowing, and running. Specificity
was better than sensitivity for FMS score. Eleven studies were included in the FMS asymmetry metaanalysis with not enough studies to use sport type subgroups. There was a similar effect but less
heterogeneity for senior (OR=1.58 [1.09–2.28]; p=0.02; I2=4%) compared to junior athletes (OR=1.63
[0.84–3.13]; p=0.15; I2=65%). Sensitivity was better than specificity for FMS asymmetry.
Conclusions
Athlete age and sport type explained some of the variable findings of FMS prospective injury risk
studies. FMS scores were more useful for estimating injury risk in senior compared to junior athletes.
Effect sizes tended to be small except for FMS scores in rugby, ice hockey, and American football
athletes.
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MULTI-YEAR INJURY SURVEILLANCE OF ELITE JUNIOR AUSTRALIAN FOOTBALL: NEW INJURIES ON
THE RISE
Samuel Chalmers - The University of Sydney, Stephen Jones - University of South Australia, Steve
Milanese - University of South Australia, Joel Fuller - Macquarie University
Introduction
Injury prevention in junior Australian Rules Football (AF) is important because junior competitions
have high participation rates and serve as feeder competitions for professional levels. Multi-year injury
surveillance provides information about changes to injury risk profiles over time and inform playing
rule changes and injury prevention strategies, yet there are no studies which have done this at the
junior level in over 20 years. This study compared multi-year injury risk profiles for elite junior AF
players from recent (2015-17) and past (2009-11) seasons.
Methods
A prospective cohort design investigated injuries during the 2009-11 (1,334 players) and 2015-17
(1,060 players) seasons of an elite junior competition. Player competition involvement was tracked
weekly by club Development Managers. Players that missed a match due to a trauma or medical
condition were considered injured. Standardised injury report forms were completed by club medical
officers. R software was used compare normalised injury rates between recent (2015-17) and past
(2009-11) seasons using unconditional maximum likelihood estimation.
Results and discussion
There was a small increase in the incidence of new injuries (incident rate ratio [IRR]=1.2; p=0.021) and
small decrease in recurrent injuries (IRR=0.6; p=0.015) in recent compared to past seasons. This
finding may indicate that the increased physical demands of junior AF has increased the incidence of
new injuries, but improved player management and rehabilitation has reduced injury recurrence. The
most common injuries were ankle sprains, hamstring strains, and concussions in 2015-17 and ankle
sprains, groin strains, and hamstring strains in 2009-11. Notable changes in injury types included a
threefold increase in concussions (IRR=3.2; p<0.001) and threefold decrease in groin strains (IRR=0.3;
p<0.001). Increased concussions are concerning but it is unclear if more players are getting concussed
(i.e. true increase in risk) or more players are missing matches due to concussion (i.e. more
conservative management and reporting).
Conclusions
Injury risk profiles in elite junior AF have changed over the last decade such that the risk of new
injuries and concussions has increased but risk of recurrent injuries and groin injuries has decreased.
Further investigation of concussion injury in junior AF is needed given the large increase in concussion
incidence.
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PILLARS OF PROFESSIONALISM: THE RISE OF ELITE WOMEN’S SPORT IN AUSTRALIA
Anthea Clarke - La Trobe University
Australia is currently seeing massive growth in the number of elite women’s team sports available.
Along with the longstanding national competitions for netball, basketball and soccer, newly formed
national competitions now exist for non-traditional female team sports including Australian football,
rugby sevens, and rugby union. Female athletes now have more opportunities to compete at a
national level, with many competitions also being broadcast on live TV or streamed online, and
players receiving anywhere from a game subsidy, to part- or full-time contracts. While the
emergence of these new National competitions are a positive step forward for female athletes,
several considerations are required to ensure the sustainability and continual development of these
non-traditional women’s team sports. This comes from approaching three key areas with equal
importance; 1) support through community engagement, 2) establishing a strong development
pathway, and 3) refining the elite athlete environment. This commentary provides a practical
approach to identifying where resources should be focused to effect the greatest change and ensure
the longevity of these new national competitions and proposes a framework to ensure their
continual development. In order for a sport to have their competition embedded in the sporting
landscape in Australia, it is important to develop strong community support (promoting participation
and engagement of female athletes, coaches, and supporters), have a clear youth pathway (that
enables access to facilities to support growing participation rates and exposure to elite
environments), and an effective elite environment for players (that tailors training, monitoring, and
coaching practices to female athletes appropriately). This commentary also highlighting areas that
require further research to ensure we as coaches, administrators, and sport scientists, can service
these athletes efficiently and effectively to allow for optimal player development and performance.
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EFFECTS OF ENHANCED-ECCENTRIC TRAINING ON CHANGE OF DIRECTION, MUSCLE ARCHITECTURE
AND HAMSTRINGS-TO-QUADRICEPS RATIO
Giuseppe Coratella - Università degli Studi di Milano, Italy, Marco Beato - University of Suffolk, UK,
Emiliano Cè - Università degli Studi di Milano, Italy, Federico Schena - Università degli Studi di Verona,
Italy, Fabio Esposito - Università degli Studi di Milano, Italy
Introduction
Recently, there is a rising interest in the possible effects of the enhanced-eccentric training (EET) on
change of direction (COD) ability in soccer players (Chaabene et al., 2018). Additionally, typical EET
effects on lower-limb muscle architecture and hamstrings and quadriceps strength need to be
elucidated compared to traditional strength training (TRAD). Therefore, the present study aimed to
investigate the in-season effects of EET vs TRAD on COD, sprinting and jumping ability, muscle
architecture and hamstrings and quadriceps strength in semi-professional soccer players.
Methods
Forty male soccer players volunteered to participate in the study. The in-season. eight-week, 1 d/w
intervention consisted of 48 squat repetitions for both EET using a flywheel device (inertia = 0.11 kg ·
m-2) or TRAD (80% 1-RM). Before and after the intervention, agility T-test, 20+20m shuttle, 10m and
30m sprint, squat jump (SJ) and countermovement jump (CMJ), vastus lateralis fascicle length, fascicle
angle, fascicle thickness and quadriceps and hamstrings strength and the hamstrings-to-quadriceps
ratio were measured. The changes are reported as effect size (ES) with 95% of confidence interval
(95%CI).
Results and discussion
Agility T-test and 20+20m shuttle improved in EET (ES = -1.44, -2.24/-0.68 and -0.75, -1.09/-0.42
respectively) but not in TRAD (-0.33, -0.87/0.19 and -0.13, -0.58/0.32). SJ and CMJ improved in both
EET (0.71, 0.45/0.97 and 0.65, 0.38/0.93) and TRAD (0.41, 0.23/0.60 and 0.36, 0.12/0.70). Albeit
fascicle length increased in EET (1.24, 0.75/1.52) but not in TRAD (0.18, -0.30/0.64) and fascicle angle
increased in TRAD (0.68, 0.25/1.01) but not in EET (0.27, -0.49/1.03), muscle thickness increased in
both EET (1.28, 0.78/1.77) and TRAD (1.13, 0.57/1.69). Overall, quadriceps and hamstrings strength
increased in both EET and TRAD (0.38/0.79), but the hamstrings-to-quadriceps ratio increased in EET
(0.31, 0.22/0.40) but not in TRAD (0.03, -0.18/0.24).
The repetitive accentuated braking actions during EET have led to the improvements in COD ability,
possibly deriving from a more effective deceleration phase (Chaabene et al., 2018). Concurrently, the
enhanced-eccentric phase seems to induce the typical eccentric training-induced adaptations on
fascicle length and muscle strength (Coratella et al., 2015). The greater increase in hamstring eccentric
than in quadriceps concentric strength in EET might be due to a greater hamstring recruitment (Yoo,
2016).
Conclusion
The present findings suggest that semi-professional soccer players may benefit from an in-season use
of EET to enhance COD and the show the eccentric-specific adaptations in muscle architecture and
hamstrings-to-quadriceps ratio.
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TEAM SPORTS SCHEDULING OF TRAINING AND RECOVERY DURING THE IN-SEASON WEEKLY MICROCYCLE.
Rebecca Cross - Western Sydney University, Jason Siegler - Western Sydney University, Paul Marshall
- Western Sydney University, Ric Lovell - Western Sydney University
Introduction
Training throughout the competitive season in professional team sports is typically structured in
weekly micro-cycles, yet little empirical data exists regarding the efficacy of contemporary training and
recovery strategies to improve (or sustain) physical capacity. Moreover, how practitioners manage the
logistical challenges imposed by the complex and dynamic nature of the professional team-sports
environment whilst attempting to prescribe training and recovery strategies within this weekly microcycle paradigm is unknown. Therefore, the aim of this study was to determine the in-season microcycle scheduling strategies used in professional team sport, with particular reference to the reasoning
and perceptions that underpin current practice.
Methods
An online survey containing 23 questions separated into four sections: current trends in micro-cycle
scheduling, influencing factors, practitioner satisfaction, and recovery was completed by 35
practitioners from professional collision (C; Australian rules football: n=9; rugby league: n=6; rugby
union: n=2) and non-collision (NC; soccer; n= 18) sports. Question design took into consideration
relevant scientific literature and the knowledge obtained from consultation with industry practitioners
and academics in the field.
Results and discussion
Respondents identified a common 48 h post-match recovery period, with few scheduling training
stimuli during this period (NC: range: 0-17%; C: range: 0-47%). The majority (C: 78%; NC: 89%) of
resistance training sessions were concurrent in nature, often delivering resistance training in the
afternoon following field-based training (C: 72%; NC: 92%). NC practitioners were less satisfied with
the maintenance of strength, power and hypertrophy (33-44%) versus C sports (59-76%), reflected by
the lower frequency of prescription reported (C: 2.4 ± 0.6; NC: 1.5 ± 0.9; p = 0.003). Practitioners
indicated that athletes “always” use cold-water immersion following both matches (C: 94%; NC: 78%)
and daily training (C: 76%; NC: 50%) and the adoption of self-report tools to monitor recovery (94%)
was highly prevalent.
Conclusion
The congested and concurrent nature of training prescription during the micro-cycle, together with
the universal adoption of routine cold-water immersion, warrants further investigation to inform
evidence-based prescription and scheduling of training and recovery modalities in professional teamsports.
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Introduction
Previous research has used simple association statistics to quantify multifaceted relationships
between training load (TL) and injuries. Alternatively, machine learning (ML) algorithms are capable of
modelling multidimensional data with complex relationships and can estimate the likelihood of injury.
The application of ML in high performance sport is however limited therefore, this study examined the
efficacy of ML in predicting injury risk from TL data.
Methods
TL (n=1422 files) and injury incidence data (soft-tissue, non-contact; n=36) were collected from 48
professional rugby league players over a season. Microtechnology quantified aggregate statistics from
external TL data for cumulative 1-,2-,3- and 4-weekly loads, Acute:Chronic Workload Ratio (ACWR),
Mean-Standard Workload Ratio (MSWR) and strain values. To mitigate skewed data, kernel-smoothed
bootstrap sampling generated a balanced training dataset. A random forest algorithm examined the
importance and predictive ability of each feature. Model performance was analysed by sensitivity and
Area Under the Receiver Operating Characteristic Curve (AUC) on an out-of-sample testing dataset.
Results and discussion
Sensitivity ranged from 7.1-15.5% and 90.5-94.7% for injured and non-injured datasets, respectively.
Across all features, 1-weekly load attained the highest AUC (0.601) and sensitivity to injury (15.5%).
Conversely, ACWR attained the lowest AUC (0.481) and a low sensitivity to injury (7.3%). For 1-weekly
load duration, distance and very-high speed running had the highest relative importance (median=3.0,
2.5 and 2.6, respectively), whilst average velocity had the lowest importance (median=1.8).
Excluding ACWR, the predictive performance of all features was greater than a chance (AUC > 0.55).
For 1-weekly loads, there is a 60.1% probability the model can distinguish between injured and noninjured events, in contrast to ACWR that was only associated with a 48.1% probability. This suggests
ACWR has similar predictive power to a coin toss and therefore limited application as a decision tool.
Whilst the model is more sensitive to identifying a non-injury occurrence as opposed to an injury
occurrence on unseen data, further research needs to expand on the utility of ML to injury prediction.
Conclusions
The model used in this study shows the potential ability of external TL measures analysed by ML to be
incorporated into the daily monitoring of injury risk.
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THE DEVELOPMENT OF A SPORT SPECIFIC COPING AND PSYCHOSOCIAL SKILL INTERVENTION IN ELITE
YOUTH RUGBY LEAGUE
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Introduction
An athletes’ ability to overcome the obstacles and transitions of the dynamic and variable pathway to
elite sport often determines their long-term success. Individual skills such as coping, resilience and
discipline, along with environmental characteristics including support for psychosocial development
have been asserted within literature as aiding the process. However, research has also identified a lack
of these characteristics being explicitly taught within team-based talent development environments
(Larsen et al 2013).
The current study aimed to develop and evaluate an authentic group based practical intervention
within elite youth rugby league (U20’s). Integrating a unique club wide approach involving key club
stakeholders, the intervention strived to improve athlete awareness of coping methods and support
types available.
Method
Two National Rugby League (NRL) U20’s teams participated in the study, one as the active intervention
group (N=20) and the other acted as “control” (N=18). The active intervention consisted of six unique
education sessions (M= 42 mins) over an 8-week period. Both participant groups completed a battery
of validated questionnaires at pre, post and 4-month follow up intervention time points exploring
coping skills, coping self-efficacy and well-being. Post intervention focus group interviews were also
conducted for active participants.
Results and discussion
Paired Sample t tests found intervention participants showed a statistically significant mean increase
in their reported use of and efficacy in applying specific coping methods versus pre-intervention.
Further, Mixed ANOVA analysis identified significant interaction effects versus the control group in
several questionnaire factors including the increased use of problem and emotion focused coping
strategies, and inversely a decrease in player disengagement strategies. Qualitative coding of group
interviews provided practical examples to support these significant findings.
Conclusions
Preliminary findings along with the professional sporting environment friendly nature of the
intervention’s methods and content, suggest further application may be beneficial within team sport
youth talent development environments.
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Introduction
Quantification of Australian football (AF) kicking variables during training could provide greater
performance insights. Inertial measurement units (IMUs) present an alternative to sports skill analysis
for in-situation applications. Investigation of kick accelerometer ranges is needed to provide clear
information for IMU requirements when applying practically, for example, determining kick type
intensities. The aim was to investigate high range analogue accelerometer signal data mounted on the
lower limb for AF drop punt kicks and common movements.
Methods
Two experienced AF players undertook a controlled kick and activity protocol including drop punt (DP)
kicks over 15m, 30m and maximum attempt, vertical jumps and lateral change of directions (COD).
Two 3-axis (X, Y, Z) analogue accelerometers, ranges +- 42 g (g-forces) and +- 200 g, housed in a
custom sleeve on opposite sides were mounted on the medial and lateral aspects of the preferred kick
leg lower limb above the malleoli. A high-speed video camera captured the kick impact phases side on.
Both systems simultaneously logged at 1000 Hz. The axes sensitivity offset was determined and raw
analogue accelerometer data converted from mV to m/s2 and g-force values. Frame numbers of ball
contact and ball release were identified from the high-speed video footage and synchronised with the
accelerometer data to determine when the kick occurred in the datasets. The peak accelerations from
each axis of each kick and movement were extracted.
Results and Discussion
Maximum point of impact accelerometer values in m/s2 were: DP 15m 471; DP 30m 521; DP 30m from
a run start 524; and DP maximum from a run start 625 which equates to an impact impulse
acceleration of 64 g; vertical jump landing impact 396; COD 128. To quantify kick variables for athlete
skill monitoring applications in AF, accelerometers should have a recommended range of above +- 80
g. Complete signal data from IMUs could be applied in accurate kick technique classification and
feature engineering, kick intensity load measures, and skill acquisition training. It is recommended that
IMUs for AF kick analysis be placed on the lower limb for data specificity regarding the movement.
Conclusion
IMUs present an opportunity as a practical and semi-automated method for on-field skill analysis in
AF. Maximum accelerometer values for common AF skills may allow for data capture decisions to be
made to suit the purpose of skill the analysis application.
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VARIATION IN THE PEAK MATCH INTENSITIES OF ELITE AUSTRALIAN ASSOCIATION FOOTBALL
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Introduction
Understanding the variation in athletic performance is important to determine the meaningful
magnitude of effect that reflects what constitutes a real change. The analysis of peak match intensities
across time provides data that can be directly applied toward prescribing match-specific training [1].
However, the variation in the peak intensities of match-play is unclear, and as such, real changes are
difficult to quantify. Therefore, the current study aimed to quantify the variation in peak match
intensities during elite Australian association football competition.
Methods
Data was obtained from 44 elite football players from the same team in the Australian Hyundai ALeague, across 68 games across three seasons (n=494 observations; 12±9 per player). GPS derived
measures of match intensities (total distance, high-speed running distance [>19.8 km.h-1] and average
acceleration) were analysed using custom R studio software to identify the highest rolling average
across 1-10 minute windows. Measures of reliability (Typical Error [TE], Coefficient of Variation [CV])
were then calculated through a customised spreadsheet [2].
Results and Discussion
Peak match intensities for total distance covered demonstrates good reliability across the increasing
time windows (range; TE: 6-14 m.min-1; CV: 4-10%). Secondly, the high-speed running peak match
intensities demonstrated large variation across all time points (TE: 3-15 m.min-1; CV: 26-43%). Lastly,
the average acceleration data demonstrated high variation across all time points (TE: 0.1-0.2 m.s-2; CV:
16-20%). There was a tendency for the variation in the high-speed running distance peak match
intensities to be greater across the shorter time windows (1-3 min), which reflects the sporadic nature
of match play. Separately, the total distance and average acceleration data demonstrated fairly
consistent variation across time.
Conclusions
The current data quantifies the variation in the peak match intensities for elite Australian football
players and allows real changes in physical match performance to be identified. Such analysis allows
practitioners and researchers to determine if physical match performance is affected by external
factors such as travel, fatigue, match duration or improved training practices.
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A RELATIVE AGE EFFECT EXISTS IN ELITE FEMALE SOCCER
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Introduction
The relative age effect (RAE) relates to the (dis)advantages and outcomes that result from an
interaction between birthdate and the date used to logistically organise participants (1). An overrepresentation of players born in the first months of the year has been observed in male soccer.
However, as the overall participation rates in female soccer are lower than those in male soccer, it will
be interesting to examine whether a RAE exists within elite female soccer.
Method
Birthdates of 5336 players who competed at the FIFA Women’s World Cup (U17, U20 and Senior) from
1991-2016 were examined. Playing squads with player birthdates were obtained from www.fifa.com.
The birth month of each player was recorded to define their birth quarter (Q) (Q1: Jan-Mar; Q2: AprJune; Q3: July-Sep; Q4: Oct-Dec). Chi-Square analyses were used to examine whether the distribution
of births was statistically different from the expected distribution. FIFA geographical zone was also
examined. Post-hoc analysis was completed using standardised residuals (SR).
Results and Discussion
A significant RAE was observed for U17 (χ2= 27.30, w=0.13, p<0.05), U20 (χ2=10.41, w=0.06, p<0.05)
and seniors (χ2=23.91, w=0.10, p<0.05). Post-hoc analysis showed there were significantly less players
born in Q4 than would be expected based on an even birthdate distribution (SRs: 2.1-3.1). This finding
contradicts previous research which found no RAE in U17 FIFA World Cups (2008-2010) (2). This
disparity might be rationalised by the increased popularity of the female game, leading to a greater
talent pool. There was a significant association between Q and FIFA geographical zone for U17
(χ2=92.39, φc=0.139, p<0.05) and U20 (χ2=53.67, φc=0.091, p<0.05) players. Post-hoc analysis showed
significantly fewer players (SRs = 2.1-3.5) than expected were born in Q4 for Europe and North and
Central America. An inverse RAE was found for Africa with significantly more players born in Q4 (SRs:
6.3-6.5) for both U17 and U20. This inverse RAE has previously been described in both male and
female soccer and has been attributed to the number of individuals who do not hold an official birth
certificate.
Conclusion
Coaches and talent developers should be aware that a RAE exists in elite female soccer and therefore
caution should be exercised to ensure talent is not missed by focusing selection on older players.
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COACHING THE COACH. A SYSTEMATIC REVIEW OF “NON-SPORT” COACHING RESEARCH AND HOW
IT CAN CONTRIBUTE TO SPORT COACH DEVELOPMENT.
Andrew Dawson - Institute of Health and Sport (IHeS), Victoria University
Introduction
Historically, coaching has been around as long as sport itself. A more recent development, however, is
the emergence of coaching in a diverse range of other domains such as life coaching, academic
coaching, career coaching, business coaching, executive coaching, and health coaching (Grant 2014).
Along with the rapid rise of non-sport coaching practice there has been research into both its practice
and efficacy as a method for individual development and professional learning from professional
disciplines such as management, education and psychology (Grant 2014). The aim of this investigation
is to review the non-sport coaching literature and suggest a research agenda that will inform sport
coach development and professional learning.
Method
This literature review was guided by Green et al. (2006) by identifying articles related to executive,
business, leadership and management coaching. The search for this literature included the use of
electronic databases such as: Academic Search Premier; PsycINFO; and ProQuest Central. To be
included in this review articles needed to have some reference to executive, business, leadership or
management coaching.
Results and discussion
The review revealed there were four broad categories for coaching professionals to enhance their
performance and their careers: 1) Skills coaching, 2) Performance coaching, 3) Development coaching,
and 4) Transformational coaching.
Non-sport coaching literature is mostly from business and psychology domains and focuses on adult
learning. Sport coaches perform many similar functions to business, managers, executives and leaders.
Most research on sport coach effectiveness and leadership shares similar theoretical and practical
principles with executive, leadership and management coaching. Executive coaching is an essential
staff development process to support career development and enhance organisation performance.
Conclusions
Sports coaches looking to develop themselves and their career are encouraged to seek appropriately
qualified executive coaching as a way to facilitate their learning and effectiveness as a coach.
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THE PRESSURE IS ON: QUANTIFYING SUCCESSFUL AND UNSUCCESSFUL PRESSING SITUATIONS IN
SOCCER
Jan-Paul de Jong - Center for Human Movement Sciences, University of Groningen, University Medical
Center Groningen (UMCG), Groningen, The Netherlands.
Fabian Wunderlich - Institute of Training and Computer Science in Sports, German Sport University
Cologne, Cologne, Germany
Robert Rein - Institute of Training and Computer Science in Sports, German Sport University Cologne,
Cologne, Germany
Matthias Kempe - Center for Human Movement Sciences, University of Groningen, University Medical
Center Groningen (UMCG), Groningen, The Netherlands.
Introduction
During a football match, a defending team can decide to either defend their goal or attack the ball
carrier to recover the ball. When attempting to recover the ball, the defending players try to prevent
the ball carrier from successfully passing the ball to team members by covering useful options (e.g.
passing lanes) or directly attack the ball carrier. During pressing situations, defenders coordinate their
behaviour to increase the likelihood of regaining possession. Currently, spatiotemporal variables of
pressing situations have not been addressed in the literature. The present study therefore investigates
the influence of spatiotemporal variables on pressing success in elite association football.
Methods
Positional data (x,y coordinates of players and the ball) from 48 German 1st Bundesliga matches from
the 2014/15 season were analysed. In total 453 pressing sequences, were annotated by 5 experts
(kappa = 0.84). Data was analysed post-event, by calculating the initial distance for the pressing
defender(s) per timestamp, and the velocity vector of the nearest pressing defender(s). The result of
each sequence was coded as successful, unsuccessful or neutral ball recovery. Data was checked for
normality (KS-test) and homogeneity of variances (Levene-test). One-Way ANOVA’s and logistic
regression analyses (p<0.05) were used to identify differences per parameter and the outcome.
Results and Discussion
With respect to the differences in nearest defenders’ initial distance to the ball and defenders’ relative
velocity to the ball over time, one-way ANOVA’s indicated group differences for the velocity of the
nearest two defenders. Logistic regression analysis shows that higher velocity of the nearest two
defenders within the first second of the pressing sequence are related to more successful ball
recoveries (χ2 (2) = 9,591, p<0.01). Thus, spatiotemporal arrangement and pressing behaviour of the
defenders with respect to the ball carrier provides crucial information to inform decision making in
defenders.
Conclusion
These results provide insights to improve tactical awareness in players with respect to their behaviour
in initiating successful ball carrier pressing actions. Results suggest, that the initial velocity of the
defender(s) is a determinant for successful pressing. Coaches may use these results to improve
velocity during pressing initiation when designing training exercises in representative task design.
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DETERMINATION OF LOCOMOTOR QUALITIES IN ELITE AUSTRALIAN FOOTBALL: A PRACTICAL
APPROACH
Pat Dillon - GWS Giants; Western Sydney University, Dean Norris - GWS Giants; Western Sydney
University, Jason Siegler - Western Sydney University, David Joyce - GWS Giants, Ric Lovell - Western
Sydney University
Introduction
Fitness tests are common practice in elite Australian Football (AF) in order to determine a player’s
individual fitness characteristics, optimally periodise training prescription and more recently, set
individualised speed thresholds for training load management. Traditionally, AF teams use time trials
(TT; ie.3km) as measure of aerobic performance. However, TT may be influenced by pacing strategy
and experience, and do not assess performance capacity making subsequent training prescription
difficult. Sprint tests are sometimes conducted to determine peak speed (PS), but are perceived as an
injury risk. The aim of this study was to determine practical ways to assess locomotor qualities in elite
AF.
Methods
28 professional AF players were monitored during the 2017 and 2018 seasons. During the pre-season,
aerobic performance (3km TT), aerobic capacity (30-15 Intermittent Fitness Test; 30-15 IFT), and PS
(50m maximal sprints using 10Hz GPS) were assessed. Characteristics of TT performance (mean
velocity, 500m and 1km splits) were compared with a proxy for maximal aerobic speed (MAS; 80% of
30-15 IFT final speed [VIFT])1. PS derived from sprint tests were compared to those attained in AF
matches (10Hz GPS). Linear-mixed models in combination with magnitude-based inferences were used
to determine differences between locomotor quality assessment protocols, with agreement statistics
derived from a customised spreadsheet2.
Results and Discussion
Although higher Pearson correlations were observed between MAS versus the fastest 500m (r=0.74)
and 1km (r=0.75) of the 3km TT, they were not superior to mean speed (r=0.72; p≥0.30). Mean bias
was lower for 3kTT (-0.04 km·h-1) versus the fastest 500m (1.37 km·h-1) and 1km splits (1.12 km·h-1),
and typical errors were similar (0.58-0.61 km·h-1). Peak speed was higher in matches (1.01, CI:  0.62
km·h-1, p=0.017; very-likely small effect), in which players typically attained 92.4% (CI:  2.8%) of their
absolute recorded peak speed.
Conclusion
Characteristics of a 3km TT can be used to estimate maximal aerobic speed (considering bias), and
(assuming appropriate signal quality) peak speeds can be attained from routine monitoring in
matches. Locomotor qualities can be determined practically using 10Hz GPS devices during 3km timetrials and competitive matches, without additional fitness testing.
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IMPACT OF MICROCYCLE STRUCTURE ON PHYSICAL AND TECHNICAL OUTCOMES DURING
PROFESSIONAL RUGBY LEAGUE TRAINING AND MATCHES
Tahleya Eggers - Parramatta Eels NRL; Western Sydney University, Rebecca Cross - Western Sydney
University, Lachlan Wilmot - Parramatta Eels NRL, Jason Siegler - Western Sydney University, Ric
Lovell - Western Sydney University
Introduction
Scheduling of training in team-sports is primarily governed by the competition calendar, with limited
scope between matches to facilitate adequate recovery, combined with delivering sufficient training
stimuli to maintain or enhance athletic qualities. While external training loads in relation to the length
of between-match micro-cycles (MC) is known, little data is available regarding the impact of within
MC scheduling on elite team-sports players.
Methods
34 professional NRL players wore 10-Hz GPS units during training (Catapult OptimEye) and matches
(Catapult OptimEye, n=9; Catapult ClearSky, n=13). MC scheduling in the first 13 rounds of the 2018
season (1H) included low-intensity skills session (field-training; Tskills) on match day (MD) +2, and main
training (strength and field-training; Tmain) on MD-3. The MC in the second half of the season (2H;
n=12) was restructured to provide an additional post match recovery day with Tskills on MD+3, and Tmain
delivered closer to the match (MD-2). Total (TDC) and high-speed running (≥4 m·s-1; HSR) distance, and
accelerometer metrics (Playerload [PL], PLslow, PL2D) were expressed per minute of playing time
(m·min-1), and per meter (PL·m). Technical statistics (metres gained, metres after contact, tackle
efficiency) were quantified from match footage. Tskills and total MC loads were only assessed for ≥6 day
turnarounds. Linear mixed models (clustering within-player) in combination with magnitude-based
inferences were used to compare 1H vs. 2H. Data are presented as estimated marginal means ± 90%
confidence intervals.
Results and Discussion
There was no difference in time engaged in matches and training during 1H and 2H MC. Delaying Tskills
in 2H resulted in moderate increases (p<0.0001 unless otherwise stated) in TDC (>16.6±2.4 m·min-1),
HSR (>5.7±1.1 m·min-1), PL (>2.0±0.3 au·min-1), and PL2d (>1.3±0.2 au·min-1), with small increases
observed for PLslow (>2.0±0.3 au·min-1) and PL·m (>0.004±0.001 au·m; p=0.0005). There were no
observed differences in Tmain, with only small changes observed in 2H matches (TDC: >4.4±1.9 m·min-1;
PLslow: <0.7±0.2 au·min-1; PL·m: <0.004±0.001 au·m; p=0.003). MC total loads were increased in 2H
for all metrics (small-moderate magnitude; p≤0.01).
Conclusion
Physical and technical performance was unaffected by scheduling main training closer to matches.
Prolonging recovery post-match increased the Tskills external loads, which led to higher total MC loads.
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AUTOMATIC KICK COUNTING IN AUSTRALIAN FOOTBALL USING INERTIAL MEASUREMENT UNITS
(IMU)
S. Ellens - Institute for Health and Sport, Victoria University (Melbourne, Australia)
R.J. Aughey - Institute for Health and Sport, Victoria University (Melbourne, Australia)
S Robertson - Institute for Health and Sport, Victoria University (Melbourne, Australia)
K Ball - Institute for Health and Sport, Victoria University (Melbourne, Australia)
Introduction
Inertial measurement units (IMUs) are commonly used to monitor players to manage their physical
load and tactical behaviour. However, IMUs are currently not used to track kicking, although this is
such an important skill across all football codes. The number of kicks a player performs is often
manually tracked during training and games for load and skill development. In Australian Football (AF)
kicking is even more important because it is the only way to score a goal. IMUs are used to identify
contact-based activities such as tackle events in AF (Gastin et al., 2014). As kicking is a contact-based
event, IMUs presents a potential solution to automatically identify a kick event and enable kick count.
Therefore, the aim of this study was to identify kick events with the use of IMU data to count the
number of kicks performed.
Methods
Twelve male Australian Football players of a second division team (18-31 years old; playing experience
6-13 years) participated in this study. Players performed a circuit twice where they needed to sprint,
catch an Australian football, run, zigzag and perform two drop punt kicks. The activity was measured
with an 9-axis IMU unit (IMeasureU Blue Thunder) data sampling at 500 Hz. The IMU unit was placed
above the malleolus lateralis of the kick leg. All data was analysed in Matlab R2018a. Nine different
classification models were used to identify the kicks to enable kick count.
Results and Discussion
The used classification models had a high accuracy to identify the kicks >70%. The two best performing
classification models were linear discriminant analysis with an accuracy of 94.7% and SVM cubic with
an accuracy of 96.1%. Not being able to reach 100% accuracy was due to movements that looked like a
kick. The models miss classified movements as a kick such as slowing down from sprint. The models
need to be optimized with different movements (e.g. sprint) so it won’t miss classify them as kicks.
Conclusions
This study used a variety of classification models to identify and count kicks performed. It showed that
it is possible to count kicks with a high accuracy in game like conditions with the use of IMU data.
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THE DESIGN AND DEVELOPMENT OF A NOVEL AFL AGILITY TESTER
Reuben Smith - Flinders University, David Hobbs - Flinders University, Mark Taylor - Flinders
University, Sam Elliott - SHAPE Research Centre, Flinders University
Introduction
Agility has become an increasingly important attribute to assess among athletes within performance
testing protocols. Currently implemented agility tests lack perceptual and decision-making attributes
associated with the construct. These are important aspects to address given that performance testing
can monitor progressive improvement, assist talent identification processes, and help determine
positional roles and responsibilities. Thus, the design and development of a novel system capable of
testing all components of athlete agility was proposed.
Methods
An engineering design process consisting of problem definition, conceptual design, solution concept,
design embodiment and detail design was undertaken. In addition to significant research and
development, the iterative process involved integrating mechanical, electrical and software
engineering with rapid prototyping technologies to construct a proof-of-concept prototype. The
system composed of one master device controlling multiple slave markers wirelessly. Microcontrollers
processed various computations whilst simultaneously controlling peripheral hardware that made up
the core of the electronics; surrounded by custom 3D printed enclosures. Software and hardware tests
ensured successful integration of all parts to maintain the primary function of testing athlete agility.
Results and Discussion
A fully functional prototype system with the capacity to test an athlete’s agility incorporating both
perceptual and decision-making factors was developed. The prototype met 92.3% of first order
engineering specifications established to satisfy the functional requirements. The total mass of the
system was 10.7 kg, with each device weighing less than 1.8 kg. The markers measured 250 mm high,
with circumference of 200 mm. The system, for the first time, boasts the capability of self-measuring
the componentry layout for test replication and standardisation. The system presents a series of
random stimuli (acting as a reactive component) dispersed across a testing zone that the athlete must
deactivate, thereby activating another component successively. 120 unique sequences were
generated to maximise uncertainty and randomness, whilst ensuring equal distance covered for any
given test. Additionally, sport specific apparatus (such as an AFL football, netball or basketball) can be
incorporated to add a sport specific ball-handling element to the test. The sensor for detection of
sport specific apparatus removal had a response time of 0.0036427 seconds.
Conclusions
By employing a logical and systematic engineering design process, disciplines of mechanical, electrical
and software engineering were fused to design and develop an innovative, tangible product. This
novel system is predicted to assist coaches in talent identification processes, monitoring progressive
improvement, and determining positional roles and responsibilities of athletes. We anticipate that this
prototype will pave the way for the advancement of athlete performance testing to more closely
represent athletic and game demands within performance testing batteries and training programs.
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PARENTS, GIRLS' AND AUSTRALIAN FOOTBALL: A GROUNDED THEORY FOR ATTRACTING AND
RETAINING PARTICIPATION
Sam Elliott - SHAPE Research Centre, Flinders University, Nadia Bevan - Flinders University, Catherine
Litchfield - Flinders University
Introduction
Increasing girls’ participation in organised sport in Australia represents an elusive challenge for most
sporting codes. Girls encounter a range of barriers and obstacles that serve to discourage initial and
ongoing participation in youth sport. One setting that has flourished is Australian football, coinciding
with the establishment of a professional competition known as Australian Football League Women
(AFLW) in 2017. This is somewhat ironic given that Australian football is widely perceived to be a
masculinised sporting domain characterised by violence and injury (Agnew, Pill, & Drummond, 2015).
Despite this, national participation data suggests that Australian football is one of the most popular
preferences among contemporary girls and young women at a time when attracting and retaining girls
in sport is inherently difficult. Therefore, the purpose of this study was to generate a grounded theory
surrounding how Australian football attracts and retains girls’ participation.
Methods
A constructivist grounded theory (GT) methodology was used involving eight focus groups with 45
participants (girls and parents) involved in Australian football.
Results and Discussion
Data were analysed through a process of initial and focused coding, and theoretical integration,
leading to the development of a substantive grounded theory that comprised three categories
including (a) sources of attraction, (b) facilitators for participation, and (c) reinforcers for retention.
Conclusions
The proposed theory offers a novel insight into the ways that sports such as Australian football are
successfully growing girls sport participation at a time where many other sports are not. The concepts
underpinning the substantive grounded theory and the implications for applied practice are discussed
throughout.
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WHOLE AND PEAK MATCH DEMANDS OF YOUTH FEMALE SOCCER
Stacey Emmonds - Leeds Beckett University, Nicholas Dalton - Leeds Beckett University, Eoin Murrary
- Leeds Beckett University, Sean Scantlebury - Leeds Beckett University
Introduction
Limited research exists exploring the match demands of elite youth female soccer players. Such
information is important for practitioners working with youth players to develop an evidence-based
approach to preparing players for the demands of competition.
Methods
Running intensity was quantified using micro-technology devices (S5 Optimeye, 10Hz Catapult) during
14 matches, for 46 elite youth female soccer players (Under 14 [U14] = 21, U16 = 25). Both whole and
peak match demands were characterised. Instantaneous speed was used to calculate relative distance
(m·min−1) and relative high-speed running (HSR min−1), using a 0.1 s rolling mean for different time
durations (1, 2, 5 and 10 minutes). Data were analysed using a linear mixed-model and assessed with
magnitude-based inferences and effect sizes (ES).
Results and discussion
Total distance covered for U16 players (7607+/-1693m) was most likely greater than for U14 players
(5512+/-1716m). Running intensity for consecutive durations (e.g., 1min vs. 2min, 2min vs. 5 min, etc.)
decreased as time increased (ES = 0.48–2.80) for both U14 and U16 players. Running intensity
(m·min−1) was lower in U14 vs. U16 during all durations (−0.74 ±0.21 to −1.19 ±0.21). HSR min−1 was
greater for U16 players at all durations (−0.46 ±0.28 to −1.20 ±0.22).
Total distance covered during match play for both U14 and U16s match play were lower than that
reported for senior female soccer players. Only data exists on the peak 5-minute match demands of
senior female soccer players, therefore comparisons could not be made for 1, 2 and 10-minute
periods. Peak 5-minute m.min-1 were lower at both U14 (118+/-25 m.min1) and U16 (120+/-13
m.min1) than that reported for senior female soccer players (132-146 m.min-1; Trewin et al.,2018).
Conclusion
Whole and peak match demands of youth female soccer players increases with age. Coaches working
in youth female soccer players can use this information to appropriately design training drills which
replicate and overload the specific running demands of youth female soccer match play at different
time periods.
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MULTIFACTORIAL ANALYSIS OF FACTORS INFLUENCING ELITE AUSTRALIAN FOOTBALL MATCH
OUTCOMES: A MACHINE LEARNING APPROACH
Jack Fahey-Gilmour - University of Western Australia, West Coast Eagles Football Club, Brian Dawson University of Western Australia, Peter Peeling - University of Western Australia, Western Australian
Institute of Sport, Jarryd Heasman - West Coast Eagles Football Club, Brent Rogalski - West Coast
Eagles Football Club
Introduction
In elite team sport, clubs strive to win every game; research has therefore investigated various factors
to determine their likely impact on win likelihood. In Australian football (AF) research (Robertson &
Joyce, 2018) has begun to assess combinations of variables (prior to the game beginning) to
understand the impact of, and interaction between, various factors (e.g., teams and scheduling).
However, this has generally been done with small time periods (e.g. one-two seasons) or limited
number of variables (e.g., less than ten). Further, research has mostly been confined to association
based linear approaches, with very limited assessment of the performance of predictive machine
learning models, however when used with game team actions to predict game outcomes there have
been successful results (Young, Luo, Gastin, Tran, & Dwyer, 2018). Therefore, using machine learning
techniques to predict game outcomes and produce a hierarchy of significant (win/loss) external
contributors may be of value.
Methods
A total of 152 variables (79 absolute and 73 differentials) were used to predict match outcome
(win/loss) from the 2013-2018 Australian Football League (AFL) seasons. Various machine learning
models were trained to predict the 2013-2017 season results using cross validation. The 2018 season
was used as an independent test set to validate each model, with performance evaluated using
classification accuracy and comparison against ‘gold standard’ bookmaker predictions.
Results and Discussion
Model performance varied (67.5-73.5% accuracy) when evaluating models on the test set. Of the
models used, the best was a Glmnet model (73.5%), which rivalled bookmaker predictions in the same
period (71.1%). Generally, models that contained in-built feature selection or could model non-linear
relationships performed better than those that did not, as a result the Glmnet model reduced the
number of variables from 152 to 22, providing a concise number for practitioners to focus on. The
Glmnet model revealed that measures of team quality (a team based rating and a player based rating)
were the two most important variables for prediction by a significant margin. These were followed by
the availability of top 10 players. All three measures were deemed to be most important in their
relative form against the opposition, highlighting the need to consider each factor in this form.
Conclusions
These findings show that AFL match outcomes can be successfully predicted to a standard rivalling the
bookmakers. Modelling attempts of this nature (using large data sets) should utilise non-linear
methods or those that have in-built feature selection for best performance. These findings and
methods can highlight where practitioners (e.g. coaches, managers, sport scientists) may focus their
attention (i.e. most important predictors) to develop practices and strategies that best enhance (or
mitigate) important predictors for maximising the chance of winning games.
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EXERCISE-BASED STRATEGIES TO PREVENT MUSCLE INJURY IN PROFESSIONAL FOOTBALLERS
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Club, Edinburgh Napier University
Introduction
Muscle injuries in professional football have a negative impact on performance and health of players
as well as club economy. Exercise-based strategies are widespread in professional teams to prevent
muscle injury. The aim of the study was to perform a systematic review regarding the effectiveness of
exercise-based muscle injury prevention strategies in adult elite footballers.
Methods
A systematic search was performed in PubMed (MEDLINE), Web of Science, Cochrane Library and
SPORTDiscus. Different levels of evidence were considered: meta-analysis, systematic reviews,
randomized-controlled trials (RCTs) and non-randomized studies (non-RCT). Studies had to meet the
following inclusion criteria: only elite (involved in the best 3 leagues of a country) adults (>16 years
old) football players of both sexes. Only articles in English language were included. Risk of bias (ROB)
for systematic reviews and RCTs was assessed using the Risk of Bias in Systematic Reviews Tool and
the Cochrane Risk of Bias Tool, respectively. Concerning non-RCTs no specific quality analysis was
performed as these types of studies are naturally at ROB.
Results and Discussion
After screening for title, abstract and full text our search identified 3 systematic reviews, 4 RCTs, 2
cluster RCTs and 5 non-RCTs that were included. One systematic review showed high ROB. Two
systematic reviews with low ROB showed insufficient evidence to support exercise-based strategies
(eccentric, balance/proprioception and flexibility) to prevent muscle injuries in professional players.
The included RCTs showed different concerns on bias (selection, performance and detection). Only
one RCT1 was considered overall as low ROB. RCTs support eccentric exercise, however ROB was high
or unclear. The non-RCTs supported eccentric exercise in addition to proprioception exercises and a
multi-dimensional component to injury prevention program.
Conclusions
Our systematic review, showed limited scientific evidence to support exercise as an effective strategy
to prevent muscle injury in elite footballers. While well-designed RCTs are needed, they are difficult to
perform in professional teams. To improve evidence-based guidelines consensus statements or
expert-led Delphi surveys may provide further insights.
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HEALTH- AND PERFORMANCE-RELATED PHYSICAL FITNESS QUALITIES OF ELITE SENIOR AND JUNIOR
FEMALE AUSTRALIAN FOOTBALL PLAYERS.
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Introduction
Female Australian football (AF) participation is increasing rapidly. Thus, research is required to support
coaching, medical, and sport science services offered to players. This study aimed to identify physical
fitness qualities of elite senior and junior female AF players to determine whether competition level or
positional differences exist.
Methods
29 females (age: 23.3  4.0 years) from one, elite AF League Women’s (AFLW) team and 28 females
(age: 17.20  0.86 years) from an elite state-level under-18 AF team participated. Health-related
physical fitness measures included: height, weight, dual energy X-ray absorptiometry, hand-span,
arm/leg length; muscular strength: hand grip, shoulder internal/external rotators, hip abductors, and
knee extensors/flexors using hand-held dynamometer, hip adductor squeeze; muscular endurance:
calf raises, side plank; flexibility: sit and reach, knee-to-wall test. Performance-related physical fitness
measures included: Y-balance, 6-m hop, standing/running vertical jump, 20-m sprint, reaction times.
Results and discussion
Elite senior players had greater lean mass (45.7  6.3kg vs. 41.6  3.7kg; p=0.007), better balance (YBalance: right leg) (97.9  6.1% vs. 94.0  5.1%), and 1.7 times greater trunk muscular endurance (side
plank: 122  50.5sec vs. 71.5  24.5sec; p<0.001) compared to elite junior players. Elite senior players
demonstrated stronger right shoulder external rotator (p=0.026) and hip adductor strength [hips
neutral (p<0.001) and positioned 60* flexion (p=0.013)], whereas elite juniors had greater right hip
abductor (p=0.035) and knee extensor (p=0.005-0.020) strength. Elite juniors also had quicker audio
reaction times (358  53ms vs. 478+/-118ms; p<0.001). In elite senior players, hip abductor strength
was significantly less (p=0.023) in midfielders (131.66  34.18 N) compared to defenders (165.92 
27.64 N), with similar significant (p=0.010-0.015) differences found for hip adductor strength (hips
neutral and 60 flexion) between these positions. These differences were not evident in elite juniors.
Clinically relevant differences exist in physical fitness qualities between elite senior and junior female
AF athletes with senior players having better balance and greater trunk muscle endurance. Few
positional variances exist.
Conclusions
These differences could be considered by coaches, physiotherapists, and conditioning staff when
implementing training programs for elite female AF athletes.
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COLLECTIVE BEHAVIOUR EXHIBITED IN THE CASE OF DIFFERENT INDIVIDUAL ADJUSTMENT
MODALITIES: A SIMULATION STUDY
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Guillaume Grégoire - Matière et Systemes Complexes, University of Paris-Diderot, Paris, France
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Introduction
Our project aimed at improving the understanding of how a space-time collective behavior
dynamically emerges from individuals’ adaptations. A previous study has shown that players used
different adjustments (Feigean et al., 2018). Two mains adjustments were described: local when
players interact with only one single player, and global when players interact with the overall
spatiotemporal shape. The purpose of this simulation study was to test hypotheses about local and
global adjustment modalities and their correlates in emerging collective behavior.
Methods
We created a dynamical model of two interacting football teams, which was built on three physical
forces that apply to every agent, called avoidance force, side force, and zone force. We introduced
local and global adjustment modalities which were defined as social forces. We obtained 100
simulations. Within each simulation, individual agents’ position at each instant (i.e., coordinates)
were calculated. From these positions data, we calculated metrics to characterize the collective
behavior, such as the centroids, the stretch index and the surface area.
Results and discussion
The results showed that the centroid position (y) was higher in term of the direction of the game for
the team set with global adjustment than for a team set with local adjustment modality. The size of
the surface area was bigger for a team set with global adjustment modality than for a team
configured with local adjustment modality. The same result was found for the stretch index. The
width and the length of the team was lower for a team set with local adjustment compared to the
team configured with the global adjustment modality.
Together, the results highlighted two specific shapes of behaviors, a condensed behavior that was
obtained by the local adjustment modality and a deployed behavior obtained by the global
adjustment modality.
Conclusions
This study gave new directions for the research on teamwork in sport teams. The simulation device
adopted here also provides the opportunity to generate a large amount of spatiotemporal data that
are hard to capture in the natural sport setting.
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ARE STRENGTH AND CONDITIONING COACHES DEFINING HIGH-SPEED RUNNING APPROPRIATELY?
Brock Freeman - Federation University Australia, Warren Young - Federation University Australia,
Scott Talpey - Federation University Australia, Lachlan James - La Trobe University, David Opar Australian Catholic University
Introduction
The ability to run fast, and perform repeated high-speed running (HSR) efforts is an important physical
characteristic for football codes, including Australian Football, Rugby League, Rugby Union and Soccer.
It is currently common practice in these sports to measure running loads for the purpose of enhancing
performance and reducing injury risk by using the parameters of HSR and sprinting. However, HSR is
an umbrella term that has been used to refer to a range of running speeds from 50% to 100% of
maximal speed. The variability in the definitions of high-speed running and sprinting used within the
literature may lead to strength and conditioning coaches missing out on adaptations from higher
speed running that could have both a prophylactic, and performance enhancing benefit. The purpose
of this review was to determine whether the currently used definitions for HSR and sprinting
accurately represented both HSR and sprinting.
Methods
A narrative review was conducted using studies collected from the following search terms: hamstring
injur*, high-speed run*, sprint*, football, soccer, rugby, global positioning system and time-motion.
Databases involved in this search included PubMed, CINAHL, SPORTDiscus, Web of Science and Google
Scholar. Collected articles were screened to ensure they featured field-based team sports with a
defined (quantitative) HSR component.
Results and discussion
14 Definitions for high-speed running ranged from 3.5 m.s-1 to 5.48 m.s-1. Definitions for sprinting
ranged from 5 m.s-1 to 8.33 m.s-1. Of these articles, 13 reported an absolute measure for either HSR or
sprinting, whilst six reported a relative measure. Five articles reported both an absolute and relative
measure of HSR and sprinting.
Definitions for high-speed running and sprinting varied greatly. The definitions used were reported as
being arbitrarily set at a predetermined absolute or relative speed, rather than using individualised
ranges. Additionally, few studies reported the mean maximum speed of athletes. However, the studies
that did report maximum speeds highlighted those athletes were capable of attaining considerably
higher maximum speeds than the set threshold for sprinting. This suggests that if athletes are capable
of achieving top speeds of >8 m.s-1, then training and monitoring high-speed running at 3.5 m.s-1,
which is less than half of maximum speed and not a true reflection of HSR, may lead to suboptimal
performance and protective benefits.
Conclusions
Strength and conditioning coaches and researchers should be more specific when monitoring and
prescribing HSR and sprinting with elite field sport athletes. Better definitions and prescription of
faster HSR speeds may lead to better adaptations because of increased force, negative work and
activation associated with faster running speeds. The secondary benefit of this is more accurate
workload monitoring, which may have the potential to reduce injury risk in the future.
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Introduction
A major challenge for scouts and coaches is to accurately predict future performance levels of
individual soccer players. Current scouting processes are mostly characterized by subjectivity and
intuition (Larkin and O’Connor, 2017). Selection psychology offers ways to optimize performance
predictions (Den Hartigh et al., 2018). Therefore, the aim of the current study is to compare scouts’
unstructured clinical judgments with structured judgments in their assessment of soccer players.
Methods
Eighteen male scouts (Age: 59.6 ± 10.2 years, Experience: 11.1 ± 8.7 years) of a professional Dutch
soccer club were assigned to an unstructured (N=9) and a structured condition (N=9). Scouts in both
conditions were instructed to rate (0-100) three adult professional central midfielders after watching
three short videos on three indicators deemed essential for central midfielders by the club: forward
pass percentage, percentage of successful interceptions and percentage of duels won. In the
unstructured condition ratings were based on their overall impression of the performance
characteristics. In the structured condition, each characteristic was rated separately before giving an
overall rating based on these separate indicators. An objective performance score (i.e. criterion) per
player was obtained through notational analysis.
Results and discussion
Results indicate that, compared to objective performance score, the order of the players was correct
in the structured condition and was wrong in the unstructured condition. Moreover, the number of
correct identifications of the best player was higher in the structured condition (78%) compared to the
unstructured condition (33%). Despite differences between scouts and a limited number of players,
these results suggest that structuring the scouting procedure may reduce bias and lead to more
accurate player recommendations.
Conclusions
A structured assessment by scouts improved the ranking of players and the number of correct
identifications of the best player compared to unstructured assessment of players.
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THE FUNCTIONAL MOVEMENT SCREEN AND INJURY RISK IN JUNIOR AUSTRALIAN FOOTBALL
PLAYERS: THE IMPORTANCE OF REPLICATION STUDIES
Joel Fuller - Macquarie University, Samuel Chalmers - The University of Sydney
Introduction
The Functional Movement Screen (FMS) is a popular screening tool for football athletes. There is
mixed evidence about the relationship between the FMS and injury in adults, and minimal research in
Australian football or junior athletes. Replication studies are an important component of research but
are rarely performed. Our research team aimed to test the reproducibility of our initial findings [1]
that indicated FMS asymmetry, but not dysfunctional movement was associated with injury in junior
Australian football.
Methods
Two prospective cohort studies with elite junior Australian football players were undertaken. The
original derivation study [1] included 237 players that completed pre-season FMS testing. Players were
monitored throughout the competitive season (18 matches) and considered injured if they missed at
least one match due to injury. The replication cohort included 277 players and used identical research
methods. For both studies, Cox proportional hazards regression models investigated the relationship
between injury and dysfunctional (FMS composite score ≤14) and asymmetrical movement.
Reproducibility was considered high if (a) P-value hypothesis testing of predictor variables was
equivalent, (b) hazard ratios (HR) from the derivation study were within the 95% confidence interval
(CI) of HRs from the replication study, and (c) subjective comparison between study outcomes.
Results and Discussion
The null finding for FMS composite score in the derivation study (HR 1.1; P=0.834) was reproduced in
the replication cohort (HR 0.8, 95% CI 0.4-1.4; P=0.383) based on all reproducibility criteria. In
contrast, the presence of ≥2 asymmetrical sub-tests was associated with moderate risk of injury in the
derivation study (HR 3.7; P=0.003) but the replication study did not reproduce this finding (HR 0.7,
95% CI 0.3-1.6; P=0.412) based on all reproducibility criteria.
Conclusions
The previously observed relationship between FMS movement asymmetry and injury in junior
Australian football players was not reproduced in a follow-up study that replicated the original study
design. FMS dysfunctional movement was not associated with injury in either study. This outcome
highlights the importance of replication studies in football science research.
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IS THERE AN APPROPRIATE FUNCTIONAL MOVEMENT SCREEN COMPOSITE SCORE THRESHOLD FOR
INJURY RISK ESTIMATION IN ELITE JUNIOR AUSTRALIAN FOOTBALLERS?
Emma Moore - University of South Australia, Joel Fuller - Macquarie University, Samuel Chalmers Western Sydney University, Steve Milanese - University of South Australia
Introduction
The Functional Movement Screen (FMS) estimates injury risk in athletes with mixed success. One
reason for the mixed success in junior athletes is that the scoring threshold for determining risk is
based on studies in adult athletes. This study aimed to identify if an optimal threshold for injury risk
estimation existed in junior Australian football.
Methods
A prospective study involving 809 elite junior Australian football athletes was undertaken over 4
seasons in the South Australian National Football League. Participants completed FMS testing
(scored out of 21) and retrospective injury questionnaires during preseason and prospective injuries
were monitored by team officials during the subsequent 18 game season. Injuries were traumas or
medical conditions that caused players to miss a competitive game. Receiver Operator Characteristic
(ROC) curves were used to determine if an optimal FMS score threshold existed for all-cause and
non-contact injury risk prediction. Multivariate logistic regression was undertaken using
retrospective injury status and FMS scoring thresholds between 12-17 as predictors. Effects were
presented with 95% confidence intervals.
Results and Discussion
No FMS score threshold identified athletes at risk of prospective all-cause (area under the curve
[AUC] = 0.52 [0.47–0.56] or non-contact injury (AUC = 0.56 [0.49–0.63]) in the univariate ROC
analysis. Multivariate logistic regression indicated that no combination of retrospective injury status
and FMS score threshold was associated with increased prospective all-cause injury risk. The
combination of reporting a retrospective injury and scoring ≤12 in the FMS was associated with
increased prospective non-contact injury risk (relative risk = 2.59 [1.42–4.71]; p=0.002) and better
diagnostic accuracy than other combinations, although the diagnostic accuracy was poor (positive
likelihood ratio=2.15; negative likelihood ratio=0.71).
Conclusions
No FMS score threshold effectively identified all-cause or non-contact injury risk in junior Australian
football athletes when FMS scores were considered in isolation. Combining FMS scores with
retrospective injury information and lowering the FMS score threshold from the value commonly
used in adult athlete populations improved the association with non-contact injury risk. However,
diagnostic accuracy remained poor and suggested clinicians should by cautious when determining
injury risk from FMS and retrospective injury data.
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POSITIONAL AND TEMPORAL DIFFERENCES IN HIGH INTENSITY RUNNING AND PLAYERLOAD
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Introduction
The physical performance of players can be analysed with microtechnology devices, which enable
high-intensity running (HIR), quantified through GPS tracking, to be examined in conjunction with
accelerometer-derived metrics such as PlayerLoad (PL). Previously, positional and temporal
differences have been observed in HIR and PL during pre-season Gaelic football games (Gamble et al,
2019). The aims of this study were to evaluate positional differences in HIR and PL during League and
Championship games and to determine whether reductions in physical performance occurred
between the first and second halves.
Methods
OptimEye S5 devices (Catapult Sports, Australia), incorporating a 10 Hz GPS and 100 Hz; tri-axial
accelerometer, were used to collect data from 23 players, (26.0 ± 3.5 y, mean ± SD) from 1 team,
during 11 competitive games. The 86 full-game player files obtained, were grouped into 5 positional
categories comprising; full-backs (FB, n=22), half-backs (HB, n=32), midfielders (MF, n=11), halfforwards (HF, n=16) and full-forwards (FF, n=5). Total distance (TD), HIR (TD ≥4.0 m.s-1), very–HIR
(VHIR: TD ≥5.5 m.s-1), and PL were analysed between positions and match halves using a mixed model
analysis of variance, employing Bonferroni post-hoc tests.
Results
The TD (m) covered was significantly higher in HF (9010 ± 1274), HB (8733 ± 923) and MF (8130 ± 727)
compared to the FB (6827 ± 935) and FF (6088 ± 1318). The VHIR (m) was significantly higher in HF
(996 ± 340) and HB (907 ± 205) compared to FB (605 ± 190) and FF (582 ± 113), but not MF (721 ±
228). The HF (2874 ± 593) and HB (2749 ± 561) performed significantly more HIR (m) than the MF
(2249 ± 527), FB (1595 ± 403) and FF (1433 ± 378). Also, PL (AU) was significantly higher in HB (797 ±
112) and HF (780 ± 120) compared to MF (674 ± 77), FB (638 ± 92) and FF (543 ± 89). In the second half
the HB, MF and HF experienced a significant decrease in both HIR and PL, whereas only the HB and HF
reported a decline in TD.
Conclusions
The results reveal significant positional differences in the TD, HIR, VHIR and PL profiles of players
during League and Championship games. The decline in TD, HIR and PL found in the second half
replicate previous findings from pre-season games, yet, it is unclear whether this was due to fatigue or
situational factors.
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EXAMINING THE RELATIONSHIP BETWEEN FEMALE YOUTH SOCCER PLAYERS' PERCEPTIONS OF THEIR
TALENT DEVELOPMENT ENVIRONMENTS, AND THEIR CAREER INTENTIONS, ASPIRATIONS AND
BELIEFS.
Dr. Adam Gledhill - Carnegie School of Sport, Leeds Beckett University, Leeds, UK
Professor Chris Harwood - School of Sport, Exercise and Health Sciences, Loughborough University,
Loughborough, UK
Introduction
Owing to the growth of female soccer in the UK, understanding players’ perceptions of their soccer
environments has gained recent research attention (Gledhill & Harwood, 2018). However, existing
research has not linked players’ perceptions with potential player-level outcomes. Further, small-scale
research in UK female youth soccer suggested that players’ perceptions of their environment may
influence their career trajectory, by impacting on their basic psychological need satisfaction and their
career aspirations, beliefs and intentions (Gledhill & Harwood, 2015). Consequently, in the first study
of its kind to address this problem, we sought to test the hypothesis: UK female players’ perceptions
of TDE predicts basic psychological need satisfaction, which predicts career aspirations and beliefs,
which predict a player’s intentions to pursue a professional career.
Methods
Using a cross-sectional design, we surveyed 144 female youth soccer players from 14 different teams
in the English talent pathway. Players completed the Talent Development Environment Questionnaire
(Martindale et al., 2010), the Basic Needs Satisfaction in Sport Scale (Ng et al., 2011), and bespoke
statements examining career aspirations, beliefs and intentions. We used path analysis to test the
hypothesized model.
Results and Discussion
The hypothesized path model showed excellent fit. Path analysis indicated that perceptions of TDE had
a large effect on basic psychological need satisfaction (.59), which in turn had a moderate effect on
career aspirations (.40) and career beliefs (.48). Career beliefs and aspirations both had a moderate
effect on career intentions (.48). Multi-wave, longitudinal studies are needed to assess actual playerlevel outcomes, as opposed to their intended outcomes.
Conclusions
Facilitating more positive perceptions of TDEs will likely increase the chances of female players
harbouring positive career aspirations, beliefs and intentions. It is likely that creating more positive
perceptions of a long-term development focus are likely to be most beneficial in this regard.
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MOVING THE OPPONENT: ANALYSIS OF THE DISRUPTIVENESS OF SUCCESSFUL VS. NONSUCCESSFUL PASSING SEQUENCES IN PROFESSIONAL DUTCH FOOTBALL MATCHES BASED ON
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Introduction
To create scoring opportunities, teams have to disrupt the opposing organization. Tracking data
collected in football matches enables us to gain in depth insights in how tactics contribute to the
disruption of the opposition (Goes et al., 2018). Understanding the tactical determinants of
successful disruption might aid coaches in planning and training tactics, and increase a team’s
chance of winning. For this study, we aimed to study the disruptiveness of passing sequences,
hypothesizing that successful sequences show a larger disruptiveness.
Methods
The analysis of this study was based on position tracking data of all players and the ball collected
during 9 Dutch Premier League matches of one team. From the tracking data, 1669 passing
sequences (duration >5 s) were automatically identified. A sequence began when the first player of a
team gained possession, and ended when the opponent gained possession. Sequences were
classified as successful (N = 776) if during a sequence one or more passes were given in the final 3rd
of the field, and compared with non-successful sequences (N = 893). For the duration of every
sequence we computed the disruptiveness as the absolute movement of the defending team
centroid (CMov) and the absolute movement of all defending players (IMov). Furthermore, the
average surface area (Convex Hull) and spread (Frob. Norm) of the defending team were computed
to represent the defensive organization during a sequence.
Results and Discussion
Successful sequences were characterized by a larger CMov (38.9m v. 29.7m, t = 6.32, p < .01), and
IMov (289.2m v. 232.8m, t = 3.99, p < .01), indicating a larger disruptiveness. Furthermore, the
defensive organization displayed a smaller average surface area (1362.3 m2 v. 1461.1 m2, t = -6.73,
p < .01) and spread (106.3m, v. 108.3m, t = -2.94, p < .01) during successful possessions, indicating a
different spatial organization.
Conclusions
The results indicate differences between the passing disruptiveness of successful and non-successful
sequences. This approach enables automated tactical analysis to detect and predict variables that
contribute to successful passing sequences, and to study the contribution of individual passes to the
outcome of an attack, and ultimately the outcome of a match.
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THE IMPACT OF CONTEXTUAL FACTORS ON A TEAM’S GAME STYLE IN THE ENGLISH PREMIER
LEAGUE
Stuart Gollan - University of South Australia, Kevin Norton - University of South Australia
Introduction
Game style in soccer is a combination of strategies and tactics that result in characteristic player and
team behaviours within a game. However, contextual variables, such as playing venue and opposition
quality, can impact pre-planned strategies and tactics and alter playing patterns (Lago, 2009). We used
a ‘moments of play’ framework to investigate how contextual factors influence game styles of teams
in the English Premier League.
Methods
The moments of play framework dissects a game into 5 distinct moments to quantify game styles.
Using an existing dataset of 96 game performance variables from all 360 games of the 2015-16 EPL
season (Gollan et al., 2018), teams were categorised by their relative strengths in the 5 moments
within each match: set pieces (SP), established offence (EO), transition to offence (TO), transition to
defence (TD), and established defence (ED). K-means cluster analysis was used to identify game styles.
The influence of contextual factors on game style was examined using odds ratio (OR).
Results and Discussion
Three game style clusters were identified: style 1 characterised by games where a team had poor
performance in all moments except ED, style 2 that showed dominance in the transition moments,
and style 3 where a team displayed strong performance in EO and SP moments. Compared to playing
the defensive-oriented style 1, teams were more likely to play style 2 (OR=1.66; 95% CI: 1.17-2.37;
p<0.05], or 3, (OR=2.54; 95% CI: 1.79-3.62; p<0.05) when at home. They were less likely to play
transition (OR=0.60; 95% CI: 0.42-0.86; p<0.05) or attacking-based styles (OR=0.39; 95% CI: 0.28-0.56;
p<0.05) when playing away. Teams would adapt their playing style depending on opposition quality,
and were more likely to play an established offensive style against bottom 10 teams and defensively
against top 10 teams. Results revealed opposition quality had a greater impact on game style than
playing venue. Competing playing styles altered the odds of a winning result. Compared to at least one
team playing style 3, a winning result was less likely if neither team were playing style 3 (OR=0.35; 95%
CI: 0.25-0.48; p<0.01). A winning result was more likely if neither team were playing style 1, compared
to at least one team playing style 1 (OR=.3.68; 95% CI: 2.58-5.24; p<0.05).
Conclusions
The moments of play framework provides a structured approach to assessing game styles. Whilst
teams attempt to impose their preferred game style on a match, contextual variables influence how
they play, and should be included when analysing playing styles.
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Introduction
Selection into elite youth academies starts at an early age. The entrance into elite and regional teams
is regarded as important for development of youth players. However, the recruitment of players has
been found to be biased by fitness and maturation status (Malina et al., 2000; Vaeyens et al., 2006). To
what extent players from the same local talent pool, who are strategically selected to play at various
playing levels, differ in skeletal maturity and physical performance has yet to be fully explored. Hence,
the aim of the present study was to assess physical performance and skeletal maturity as a measure of
biological maturation in players selected to play at elite, sub-elite and non-elite level.
Methods
102 Norwegian under-14 players (age: 14.0 ± 0.3 years) were included in the study. Players were
divided into three categories based on which level they were predominantly playing: elite (national
level, N = 26), sub-elite (high local level, N = 53) and non-elite (low local level, N = 23). Players
underwent x-ray of their left hand to estimate skeletal maturity, and anthropometrics, countermovement jump (CMJ), leg press, 40m sprint, upper-body strength, VO2max, and Yo-Yo IR1 were
assessed.
Results and discussion
Overall, one-way ANOVA analysis showed that elite players were faster, more powerful, performed
better in upper-body strength tests and had higher VO2max and better Yo-Yo IR1 performance
compared to their lower level peers (p < 0.05 for all comparisons). In addition, sub-elite players were
faster and scored better on VO2max and Yo-Yo IR1 compared to non-elite players (p < 0.05 for all
comparisons). No differences between the groups were found in skeletal maturity chronological age,
leg strength, body weight or stature.
Conclusions
The results suggest that physical performance seems to be an important trait when selecting future
prospects, and that recruiters view well-developed physical capacity as a prerequisite to play at elite
youth level. Results also indicate that neither skeletal maturity, chronological age or anthropometrics
bias the selection process. The high physical demands known to be present in elite senior soccer could
explain the selection of superior physical performers even at a young age.
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CHALLENGES ASSOCIATED WITH ATHLETE LEADERSHIP IN PROFESSIONAL FOOTBALL
Gina Haddad - The University of Sydney, Professor Donna O'Connor - The University of Sydney
Introduction
Recently there has been a trend towards the use of athlete leadership groups in professional
football. This represents a shift away from the historical top-down model towards a shared model of
leadership where a small group of players are empowered to take on a range of leadership
responsibilities within the team. The proliferation of these athlete leadership groups suggests
coaches regard them as adding value, and whilst the limited published research links athlete
leadership to positive outcomes (Cotterill & Fransen, 2016), it remains largely unexamined in the
professional sport context. This study was designed to address this gap in our understanding by
exploring what challenges, if any, are associated with implementing athlete leadership groups in this
high-pressure environment.
Method
Individual semi-structured interviews were conducted with 12 professional head coaches and 12
players (Super Rugby, NRL and AFL). Transcripts were analysed using thematic analysis.
Results and Discussion
Coaches and players reported inherent challenges, with themes including; establishing clear guiding
principles, aligning empowerment with player readiness, selecting positive influencers, holding peers
accountable, loss of control, trust, impact of time and performance pressures, organisational
alignment, leadership development and support. Findings also suggest coaching practices, processes
and environmental factors influence the effectiveness of these leadership groups (E.g. leadership
capacity, player readiness, behavioural frameworks, selection & communication, culture and
relationships).
Conclusions
Overall, participant’s accounts support the efficacy of athlete leadership groups in professional
football, suggesting the sense of ownership and autonomy underpins improved performance on and
off-field. However, findings suggest it can be difficult to strike the right balance when empowering
player leaders in a high performance environment where the coach is ultimately responsible for
performance. It is anticipated insights gained from this investigation may inform future athlete
leadership initiatives, arming coaches with information to proactively manage the challenges and
optimise the benefits of this leadership model.
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DEVELOPING EXPERT PERFORMANCE IN SPORT: INTEGRATING WORKING MEMORY TRAINING INTO
FOOTBALL COACHING
Dr Joseph Hall, University of Canterbury
Introduction
This presentation discusses research investigating the application of Working Memory Training (WMT)
to football coaching and influence on skill performance in football. The three studies were designed to
follow on from work identifying principles of prescribing WMT and conceptualising how WMT could be
integrated into the FFA Game Training Model (Cross et al., 2013).
Methods
Study 1 used a participatory action research (PAR) methodology investigating how WMT might be
applied in practice. The study used a triangulation of video footage, athlete interviews and coachresearcher interaction over three cycles to develop practical guidelines.
Studies 2 and 3 were intervention studies examining the impact of WMT on skill performance, using
WMT and the Loughborough Soccer Passing Test (LSPT – Ali et al., 2007). Both studies utilised a
pre/post-test and time-series design with measurements of speed, accuracy, overall performance and
working memory performance analysed using paired samples, effects sizes, and time-series. Based on
methodological findings from Study 2, Study 3 combined the LSPT with the Stroop test to increase
working memory demands during the test.
Results and Discussion
Study 1 indicated a transfer of lab-based WMT to practice, pedagogical guidelines for using WMT with
athlete-centered methods of football coaching and technological advances including remote response
systems, bone conduction and sub-vocalisation technology.
Study 2 found that WMT minimally influenced overall performance between experimental and control
groups, in addition to minimal change in working memory performance. These results suggested that
LSPT may not require working memory and/or issues in WMT prescription.
Study 3 found that working memory performance improved throughout the intervention alongside
high effect sizes in skill performance, suggesting the development of both working memory and skill.
Conclusions and practical implications
These studies suggest that with further research, WMT may be applicable to coaching practice and
WMT may influence skill acquisition. For coaches, these studies indicate that changes in footballspecific neurological performance may be possible using combined WMT-skill interventions, whilst
WMT in team training may be a possibility in the future. Guidelines for future work will be provided.
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FAT FREE MASS AND RESTING METABOLIC RATE IN ELITE YOUTH FOOTBALL PLAYERS: BETWEEN AGE
GROUP COMPARISONS FROM A PREMIER LEAGUE ACADEMY
Marcus Hannon - Liverpool John Moores University, Lloyd Parker - Liverpool John Moores University,
Barry Drust - Liverpool John Moores University, Vish Unnithan - University of the West of Scotland,
Graeme Close - Liverpool John Moores University, James Morton - Liverpool John Moores University
Introduction
As a youth football player progresses through a professional Academy pathway, they undergo rapid
growth, maturation and physical development (Buchheit and Mendez-Villanueva, 2013). These
increases in age, stature and body mass (particularly fat-free mass; FFM), will likely influence a youth
player’s energy requirements (Herrmann et al., 2017), of which resting metabolic rate (RMR) is a major
component. Therefore, the aim of the present study was to assess FFM and RMR of elite youth soccer
players and to determine the differences between age groups within an Academy.
Methods
Ninety-nine (n=99) male soccer players (U12-U23 age groups) from a Category One Premier League
Academy underwent assessments of body composition using dual-energy X-ray absorptiometry (DXA)
and RMR using indirect-calorimetry.
Results and discussion
FFM increased in a stepwise manner from U12 (31.6 ± 4.2 kg) - U16 (56.3 ± 5.3 kg; P<0.05), after which
there was no difference in FFM between U16, U18 (57.4 ± 6.4 kg) and U23 (62.9 ±5.9 kg) squads.
These increases in FFM caused a reduction of percent body fat from U12 (22.3 ± 5.7 %) to U14 (16.8 ±
4.3 %; P<0.05), after which there was no difference between U15 (8.4 ± 0.9 kg), U16 (10.9 ± 2.7 kg),
U18 (10.2 ± 2.1 kg) and U23 (11.2 ± 3.3 kg) squads (P>0.05). The U13 (8.2 ± 2.2 kg) had less fat mass
than the U23’s (11.2 ± 3.3 kg; P=0.04), however there were no differences between all other agegroups (P>0.05).
Resting metabolic rate (RMR) increased from U12 to U14 (U12: 1655 ± 195 kcal.day-1; U13 1720 ± 205
kcal.day-1; U14: 1846 ± 218 kcal.day-1; P<0.05), after which it plateaued. There was no difference in
RMR between U15 (1957 ± 128 kcal.day-1), U16 (2042 ± 155 kcal.day-1), U18 (1875 ± 180 kcal.day-1) and
U23 (1957 ± 128 kcal.day-1) squads (P>0.05). Once the influence of body size variable on RMR was
removed, there was no significant relationship between stature (r=-0.03, p=0.78) and RMR and FFM
(r=-0.02, p=0.85) and RMR respectively.
Conclusions
Taken together, these data suggest the period between U12-U16 is a key period of biological growth
and physical development, during which energy requirements are increased. It is of paramount
importance that these increased energy requirements are met during these years to ensure optimal
growth, maturation and physical development.
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THE COLLEGIATE FOOTBALL TEAM WITH THE LEAGUE TITLE, WHAT WERE THE TEAM MEMBERS
PRACTICING?
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Sport Sciences, University of Tsukuba
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Introduction
In this research, we will examine how the collegiate football players have built up their team and
acquired the league titles using the qualitative methods from the view point of team dynamics. In line
with the investigation on their mutual understanding, conflict, etc. between the team members until
they reached the stage, this research aims to clarify the practical wisdoms they share and carry out in
the team. Cótê and Sedgwick (2003) and Haranaka et al. (2017) have worked on the qualitative
research for sports coaching and created the concept and the models that have brought the
productive ideas to the coaching field.
Methods
The football team of University A participating in this research is one of the top-level teams in Japan.
An interactive group interview was conducted between the team members and the investigators after
the end of the season. As a format of the group interview, the players were separated into 6 groups
(each group was composed of 4-5 players). In the interview, various questions were given to the
players, for example “What do you think is the key factor to bring the victory to your team?” We
analyzed and discussed the interview data to create the conceptual diagram. The data was analyzed
based on "Modified Grounded Theory Approach (M-GTA)".
Results and Discussion
The total recording time of the dialogue data is about 350 minutes. The summary of the conceptual
diagram is as follows.
1) The players continued to play with the understanding of the team’s tactical strong points and fullyactivated individual ability in the attacking phase. 2) The players steadily promoted their preparation
for the league through the season. To make it successful, they put more effort in communicating with
other members. 3) With the understanding of the characteristics in college sports, the team members
were able to autonomously and proactively dedicate themselves to the season.
Conclusions
The following three practical wisdoms can be suggested based on this research.
1. Creation, maintenance and development of opportunity for collaborative team actions between
players in the pitch. 2. Understanding and practice of the idea "converting negative phases into
positive ones" as an individual player and also as a whole team. 3. Careful preparation and intended
contrivance to convert others’ expectation and pressure into the positive energy of the team.
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PHYSICAL FITNESS CHARACTERISTICS OF FEMALE AUSTRALIAN RULES FOOTBALL PLAYERS
Jade Haycraft - Victoria University – The Institute for Health and Sport (IHES)
David Pyne - University of Canberra - Research Institute for Sport and Exercise (UCRISE)
Introduction
The recent expansion of the Australian Football League (AFL) to include an elite female league has
seen a sudden growth in female football participation. However, the physical fitness characteristics of
senior female players is unknown. The aim of this study was to compare the test scores of
anthropometric and fitness assessments between a cohort of senior local and state Victorian Football
League (VFLW) players to inform physical preparation priorities.
Methods
Players were recruited from Local Division 1 (n = 50, age: 16-37 y) and the state VFLW competitions (n
= 51, age: 18-34 y). Demographic measures (age), anthropometric measures (height and mass), fitness
measures (20-m sprint test, vertical jump (VJ), and 20-m Multi-Stage Fitness Test (MSFT), were
collected using standardised AFL fitness testing protocols. Student’s t-test and effect size (ES) statistic
were used to indicate the magnitude of difference between the Local and State levels. A ratio of
%CV>1.20 between group test scores was deemed substantially higher variability.
Results and discussion
State players were markedly superior in the 20-m MSFT (State: 12.8±2.9 v Local: 7.8±1.8, ES: 2.16) and
agility (State: 9.19±0.37s vs Local: 9.73±0.49s, ES: 1.25) tests but less so in the vertical jump (State:
50.2±13.6cm vs Local: 45.5±12.5cm, ES: 0.36) and 20-m sprint (State: 3.45±0.15s vs Local: 3.62±0.22s,
ES: 0.90) tests. Test scores were evidently more variable in Local players in sprinting and agility (Ratio
%CV: 1.24-1.39) but not vertical jump nor the MSFT (Ratio %CV: 1.02-1.08).
Endurance fitness, speed, and agility were markedly better in State players. Higher quality of
competition has been found to increase physical match demands of Women’s Rugby Seven’s. 1 As
such, higher physical attributes in State players may be partially explained by the quality of
competition compared to local levels. 1,2
Conclusions
Coaches could prioritise selection of players into state female football competitions who exhibit higher
speed, change of direction, and aerobic fitness levels. Physical preparation programs should focus on
increasing these physical fitness attributes.
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GENDER DIFFERENCES IN PARTICIPANT MOTIVATION IN MASTER’S FOOTBALL ATHLETES
PARTICIPATING IN WORLD MASTERS GAMES
Ian Heazlewood - Charles Darwin University, Joe Walsh - Charles Darwin University, Mike Climstein Southern Cross University
Introduction
Participant motivation evaluates factors that enhance motivation to participate in sport as health
orientation, weight concern and personal goal achievement. Some research was conducted on
international participant motivation factors based on different international level cohorts and
gender comparisons for football athletes. This information is valuable when marketing sports to
potential athletes. Aim of the research was to assess if trends in participant motivation displayed in
previously is replicated in masters football athletes competing in 2009 World Masters Games
(WMG).
Methods
Human ethics for research was approved. The participants consisted of 207 males (age= 50.2  6.7
years; height=177.7  7.0 cm; weight=8 2.5  11.3 kg) and 282 females (age=45.6  6.1 years;
height= 164.4  9.5 cm ; weight= 65.5  10.6 kg) who completed Motivations of Marathoners Scale
(MOMS) with a 7-point Likert scale response to each item. The MOMS instrument has been used
extensively with masters athletes across many masters sports competing at an international level
and provides a very good understanding of how nine different generalizable participant motivation
factors influence sports participation. The range was 1= least important to 7= most important reason
via Limesurveytm interactive survey system. The MOMS instrument focused on nine participant
motivation factors related to health orientation, weight concern, personal goal achievement,
competition, recognition, affiliation, psychological coping, life meaning and self-esteem. Descriptive
statistics were analysed to assess gender group differences and level of importance of each
participant motivation factors with gender and independent t-tests to evaluate if statistical
differences exist between genders on each of the nine factors of participant motivation.
Results and discussion
The results indicated affiliation was a slightly and significantly more important participant motivation
factor for females than males (males=4.67; females=5.0; p=.005) and highest motivating factor for
both genders. All other factors were not significantly different between genders, however the order
of importance for these factors based on pooled data were health orientation (4.85), goal
achievement (4.56), weight concern (3.91), self-esteem, 3.85), competition (3.55), life meaning
(3.02), recognition (2.72) and psychological coping (2.72).
The order of important indicates affiliation, health orientation, and goal achievement are the most
important factors for participant motivation; weight concern, self-esteem, competition of moderate
importance; and life meaning, recognition and psychological coping of low importance.
Conclusions
This information can be utilised to market football as a sport with this masters age group, where
marketing would focus on those participant motivation factors recognised as important for both
genders.
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PARTICIPANT MOTIVATION OF MALE MASTER’S RUGBY PLAYERS PARTICIPATING IN GOLDEN OLDIES
WORLD RUGBY FESTIVAL
Ian Heazlewood - Charles Darwin University, Joe Walsh - Charles Darwin University, Mike Climstein Southern Cross University
Introduction
Participant motivation evaluates factors that enhance motivation to participate in sport as health
orientation, weight concern and personal goal achievement. Some research was conducted on
international participant motivation factors based on different international level cohorts and gender
comparisons for Football athletes. This information is valuable when marketing and encouraging
masters athletes to compete in different sports. Aim of the research was to assess the factors
promoting participation in 18th Golden Oldies World Rugby Festival (GOWRF) and establish a
hierarchy of importance for these factors.
Methods
Research ethics approval was granted for this research. Participants in the study were from the 2010
18th GOWRF, Sydney, Australia where 154 teams, 3041 players and 14 nations competed. Of the
potential respondents 146 male players (mean age= 51.27  8.04 y; weight= 95.24  15.36 kg; height=
178.83  9.72 cm) completed the Motivations of Marathoners Scale (MOMS) with a 7-point Likert
scale response to each item. The MOMS instrument has been used extensively with masters athletes
across many masters sports competing at an international level and provides a very good
understanding of how nine different generalizable participant motivation factors influence sports
participation. The range was 1= least important to 7= most important reason via Limesurveytm
interactive survey system. The MOMS instrument has 56 questions clustered into nine participant
motivation factors measuring health orientation, weight concern, personal goal achievement,
competition, recognition, affiliation, psychological coping, life meaning and self-esteem.
Results and discussion
The order of importance to participate in the GOWRF was affiliation (mean= 5.17  1.14), health
orientation (mean= 4.84  1.85), psychological coping (mean= 4.05  1.60), goal achievement (mean=
3.50  1.56), weight control (mean= 3.36  1.68), self-esteem (mean= 3.31  1.47), competition
(mean= 2.85  1.29), life meaning (mean= 2.56  1.48) and recognition (mean= 2.50  1.42).
The results indicate affiliation, health orientation and psychological coping are more important factors
in seeking participation in masters Rugby, goal achievement, weight control and self-esteem of
moderate importance, and competition, life meaning and recognition of lower importance. Male
masters Football players, the order is similar except for psychological coping a more important
participant motivation factor for masters Rugby players.
Conclusions
Understanding participant motivation profile of masters athletes from different sports enables
targeted marketing to meet these perceived motivation needs and enhance sport engagement.
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HIDDEN HISTORIES: TRACING THE SUPPORT OF WOMEN’S FOOTBALL BY VICTORIAN FOOTBALL
LEAGUE CLUBS PRIOR TO THE FORMATION OF THE VICTORIAN WOMEN’S FOOTBALL LEAGUE IN
1981
Rob Hess - Victoria University
Introduction
This paper builds on the previous substantive works of Burke (2008) and Lenkić and Hess (2016) who
have completed foundational studies on various aspects of the history of women’s Australian Rules
football.
Methods
Content analysis and triangulation are methodologies used to interrogate a range of sources, including
Victorian Football League (VFL) minutes, newspaper archives and photographic evidence.
Results and Discussion
In this paper, the focus is on tracing the support of women’s football by the VFL and its clubs prior to
the formation of the Victorian Women's Football League in 1981. Recent work has acknowledged
some aspects of this support, but no studies have systematically uncovered and tracked the nature
and level of assistance (and sometimes opposition) to women’s football by the elite men’s
competition in Victoria.
Conclusions
The conclusion is that while the VFL and some of its clubs occasionally aided women’s football by
providing coaches, facilities, equipment and some infrastructure, the support was sporadic in nature,
contributing to the fragmentary, disjointed, and relatively hidden, development of the women’s game
between 1918 and 1980. In this context, the rush of Australian Football League clubs to field teams in
the recently established national women football competition has perhaps led to missed opportunities
for acknowledging the long history and rich heritage of women playing football in Victoria.
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Introduction
Substitutes are typically introduced at half-time or during the second-half of soccer match-play,
ostensibly to offset the effects of fatigue, change tactics, or replace injured or underperforming
players [1]. Whilst the movement demands of whole-match players are well known, information
relating to substitutes is sparse [1]. Given the lengthy delays (typically ≥75 min) between the prematch warm-up and substitutes’ pitch-entry, activities performed during this time may influence their
preparedness for match-introduction [2].
Methods
Focusing separately on the pre- and post-pitch-entry periods, the physical activities of 17 English
Championship soccer players were profiled during 13 matches in which they participated as
substitutes (35 observations). Players wore Micromechanical Electrical Systems (MEMS) devices
sampling at 10 Hz (S5, Optimeye; Catapult Innovations, Melbourne, Australia), and 20 key
performance variables of interest to club staff were examined. Data were organised by bouts of warmup activity (pre-pitch-entry), and five min epochs of match-play (post-pitch-entry). Linear mixed
modelling assessed the influence of time (i.e., ‘bout’ and ‘epoch’), playing position, and match score
line.
Results and discussion
Substitutes performed 3±1 rewarm-up bouts∙player-1∙match-1. Each rewarm-up was shorter (-19.7 to 22.9 min) and elicited less distance (-606 to -741 m) than the pre-match warm-up, whilst relative
distances were higher (+26 to +69 m∙min-1). Relative total (+13.4 m∙min-1) and high-speed (+0.3 m∙min1
) distances covered during rewarm-ups increased with proximity to pitch-entry. Players covered more
(+3.17 m) high-speed distance per rewarm-up when the assessed team was losing compared with
when winning at the time of pitch-entry. For 10 out of 20 variables measured after pitch-entry, values
reduced from 0-5 min thereafter, and substitutes covered greater total (+67 to +93 m) and high-speed
(+14 to +33 m) distances during their first five min of match-play versus all subsequent epochs.
Midfielders covered more distance per five min epoch than attackers and defenders.
Conclusions
Rewarm-ups became shorter and more intense as pitch-entry approached, whilst the highest running
intensities occurred during their first five min following introduction. Acknowledging the limitations
associated with a solely movement data approach, such findings provide novel insights into the matchday demands faced by soccer substitutes. Given existing recommendations for warm-up and rewarmup practices in team sports [2], future research opportunities exist to help better understand the
practices of this player population.
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WHICH GOALKEEPER MADE THE GREATEST CONTRIBUTION TO REDUCING THE NUMBER OF GOALS
CONCEDED IN THE 2018 FIFA WORLD CUP RUSSIA TOURNAMENT?
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Introduction
Using a logistic regression analysis, Hirashima et al. (2014) constructed a regression formula to predict
the probability of failure of shot stopping among goalkeepers, which can be used to quantify the level
of difficulty of shot stopping. Then, a fixed weighting can be assigned to shot stopping, and a
quantitative evaluation can be made of the extent to which shot stopping by a goalkeeper contributed
to preventing a goal. This approach was used by Hirashima et al. (2017) to evaluate goalkeepers who
had participated in the 2014 FIFA World Cup Brazil tournament, the conclusion of which was that the
goalkeeper who contributed to stopping the most goals was Keylor Navas. These results were
presented at the 2017 WCSS RENNES conference.
The objective of this current study was to identify the goalkeeper who contributed to stopping the
most goals by evaluating goalkeepers who participated in the 2018 FIFA World Cup Russia
tournament.
Methods
The subjects of the study were 32 goalkeepers who played in two or more 2018 FIFA World Cup
matches. To calculate the failure rate of shot stopping, the values measured in the game performance
analysis were substituted into the Hirashima et al. (2014) logistic regression analysis model. The
estimated expected failure value was subsequently derived using the sum of the shot stop failure
probability per shot for each player that received a shot. By removing the actual number of goals
conceded from that expected failure value, it is possible to demonstrate the contribution made by a
goalkeeper to the reduction in the number of goals conceded. This value is referred to as the “Shot
Stop Rate” (referred to hereafter as “SSR”) and it is used to evaluate goalkeepers in this study.
Results and Discussion
At the 2018 FIFA World Cup, the goalkeeper who made the greatest contribution to reducing the
number of goals conceded was Denmark’s Kasper Schmeichel. In four games, he received 19 shots on
goal, of which he stopped 17, yielding a save ratio of 89.5%. In addition, while his predicted failure
ratio was 3.86, his actual number of goals conceded was two, yielding an SSR of 0.52. Belgium’s
Thibaut Courtois, winner of the Golden Glove award, came second, was yielding a save ratio of 84.4%
with an SSR of 0.61.
Conclusions
At the 2018 FIFA World Cup, the goalkeeper that made the greatest contribution to reducing the
number of goals conceded was Denmark’s Kasper Schmeichel.
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Introduction
A negative association between injury burden and team performance has been demonstrated in
basketball, rugby union and soccer. However, the nature of this association in elite Australian
football is currently unclear. Furthermore, accounting for the injury burden of key players may
provide a stronger association with team performance. This study aimed to determine how much of
a team’s whole-of-season performance is affected by specific injury burden measures in the
Australian Football League.
Methods
15,289 injuries that caused 51,331 missed matches from 1997 to 2016 were aggregated to a teamlevel. Independent t-tests determined whether the values of injury burden measures, categorised as
incidence, severity, prevalence, player match availability and percentage of list injured, differ
between finalists and non-finalists, and standardised mean differences (SMD) provided the
magnitude of the difference. The coefficient of determination specified the percentage of variation
of ladder position explained by the injury burden measures. Injury burden measures were also
weighted by various measures of player value, using a club-based (best and fairest rankings) or
league-wide rating system (Brownlow Medal votes).
Results and Discussion
Injury burden measures that were weighted by player value were more associated to team
performance than those that were not, the best weighting method being best and fairest rankings.
Injury prevalence weighted by best and fairest rankings was significantly different between finalists
and non-finalists (SMD = -0.58, p < 0.001) and explained 12% of the variation in the ladder position
of teams. Player match availability weighted by best and fairest rankings was significantly different
between finalists and non-finalists (SMD = 0.39, p < 0.001) and explained 7% of the variation in the
ladder positions of teams. Injury incidence, severity and percentage of list injured were not
associated with a team’s whole-of-season performance.
Conclusions
An association exists between a team’s injury burden and their whole-of-season performance in the
Australian Football League. Injury prevalence and player match availability demonstrated this
association, and it was strengthened when accounting for the injury burden of player value. The
impact of injury burden in explaining up to 12% of the variation in final ladder position is
considerable given the large number of other factors associated with a team’s whole-of-season
performance.
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Introduction
Small-sided games (SSGs) are a constraints-based form of game specific training where exercise
intensity can be manipulated by modifying constraints like pitch size, number of players etc. To ensure
a suitable usage of the 4vs4 SSG in soccer practice, the optimal pitch configuration design should
correspond to competition demands and thus be derived from game analysis. Whereas current studies
primarily concentrated on the effects of the pitch design on the physiological demands etc. the aim of
the present study was diagnose the pressure level on the player with the ball (PwB) at the highest
youth competition level in Germany.
Methods
6 games in the age groups U15/U17 were tape-recorded, and player’s positions were tracked and
analyzed by direct linear transformation (2D-DLT). The pressure on the PwB was determined by the
smallest rectangle that includes the PwB plus his nearest 3 teammates and the 4 nearest opponents.
This area was measured and calculated in all receive (RECown, RECopp) and release situations
(RELown, RELopp) of each PwB of both teams. We hypothesized that the pressure on the PwB affects
(i) the win or loss of the game, as well as (ii) the success rate of the received and released balls of the
PwB. Furthermore, we hypothesized that (iii) the pressure on the PwB is higher the nearer the zone is
to the opponents` goal.
Results and Discussion
The performance relevance of the mean pressure for winning or losing an U 17 or U 15 first league
game is very high, the differences were significant (p < 0.05) in all four situations (see i). The success
rate of the passing (ii, release) was significantly correlated with the pressure on the PwB (p < 0.05) in
the U15 age group, whereas the U 17 players only showed a statistical tendency (p = 0.81) in this
direction. Thirdly, we found significantly larger size dimension of actions for the U15 in the defense
zone than in the mid field of pitch area (p < 0,001) and also than in the attack zone (p < 0,001). For the
U17 the results were also significant, but only between mid field and defense zone respectively attack
zone and defense zone. Based on our results the pitch size for SSG 4-4 in training should range
between 450-500 m² to correspond with competition demands.
Conclusion
Our results indicate that the pressure level is a valuable variable that should be regarded in the
training process to design the optimal pitch configuration depending on training goals.
Presentation Theme: Player Training and Monitoring
Keywords: Pressure Level, 4-4 Small Sided Games, Pitch configuration

TRANSFER OF SPECIFIC TACTICAL BEHAVIOR TO PITCH AND TRAINING CONFIGURATION IN SMALL
SIDED GAMES
Micha Dr. Pietzonka - Institute of Sport Science, University of Bayreuth, Bayreuth, Germany
Andreas Prof. Dr. Hohmann - Institute of Sport Science, University of Bayreuth, Bayreuth, Germany
Stefan Dr. Hochstein - Institute of Sport Science, Martin Luther University Halle, Halle, Germany
Introduction
Small-sided games (SSGs) are specific training forms where exercise intensity and goal orientation can
be manipulated by modifying constraints. To ensure a suitable usage of the 4vs4 SSG in soccer practice
for tactical (position specific) demands, the optimal pitch and drill configuration should correspond to
age specific competition demands and thus be derived from game analysis. Whereas current studies of
SSG primarily concentrated on the effects on physiological demands etc. (Halouani, Chtourou, Dellal,
Chaouachi, & Chamari, 2017), the aim of the present study was to diagnose the pressure level on the
player with the ball (PwB) in dependence of the age group and tactical patterns at the highest youth
level in Germany.
Methods
6 games in the age groups U15/U17 were tape-recorded, and players’ positions were tracked and
analyzed by direct linear transformation (2D-DLT). The pressure on the PwB was determined by the
smallest rectangle that includes the PwB plus his nearest 3 teammates and the 4 nearest opponents.
This area was measured and calculated in all receive and release situations of each PwB of both teams.
We hypothesized that the pressure on the PwB is higher in situation releasing than receiving the ball
(i), as well as it is higher in the U17 than in the U15 age group (ii). Furthermore, we hypothesized that
(iii) the pressure on the PwB is the higher the nearer the zone is to the opponents` goal and the nearer
it is to the side line. Moreover, the influence of the score on the pressure was analyzed (iv).
Results and Discussion
The pressure on the PwB is significantly higher (p <0.05) in the situation of the release of the ball
compared to the receiver of the ball (i). The pressure on the PwB is significantly (p <0.05) higher in the
U15 than in the U17 (ii). Thirdly, we found significantly larger size dimension of actions for the U15 in
the mid field of pitch area (p <0.05) than in the attack zone (p <0.05), but not for the U17, where the
result was inverse (iii). In context with the results of hypothesis (ii) the U17 seems to follow a more
straight forward tactical behavior strategy pronouncing counter attacks. Also, the winning team
reduces (p < 0.05) the pressure when the score is in lead, whereas the losing team tries to maintain
the pressure (iv). All results were consistent across all age group matches.
Conclusion
Our results indicate that the pressure level is a valuable variable that should be regarded in the
training process to design the optimal pitch and drill configuration depending on training goals and the
tactical philosophy.
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Introduction
Many aerodynamic studies on soccer balls have reported that the number, orientation, and shape of
the ball panels induce a significant effect on the drag characteristics of soccer balls (Hong and Asai,
2014; Tuplin et al., 2012). However, with new soccer balls of various surface designs being used in
official matches in recent years, there is a need to clarify their aerodynamic characteristics.
Therefore, in the present study, the pattern of the surface of a soccer ball (dimple and smooth type)
is investigated using wind tunnel experiments to determine its impact on the aerodynamic
characteristics of the ball.
Methods
We performed experiments on soccer balls made using the same material in the thread between the
panels. Three types of soccer balls, with 32, 12, and 6 panels, were fabricated, and in each type, balls
with and without dimples (width: 3 mm, depth: 1 mm) were made. In total, six types of soccer balls
were studied, and the impact of the number of panels, and existence of dimples on the aerodynamic
characteristics was measured using wind tunnel experiments.
Results and Discussion
The aerodynamic coefficients of the balls indicate that the aerodynamic drag tends to drop faster for
the dimple-type soccer balls than for the dimple-less soccer balls. This is believed to be due to the
fact that in the critical Reynolds number range (Re=150000∼300000), the dimple-type soccer ball
experiences a smaller drag (resistance) than the dimple-less ball. In contrast, in the supercritical
Reynolds number range (Re=380000∼500000), the dimple-less ball had a smaller drag value.
Furthermore, it can be inferred that frictional drag for dimple-less balls are lower than that for the
dimple type ball in the supercritical Reynolds number range. Therefore, we found that the drag
acting on the ball changes depending on the Reynolds number interval.
Conclusion
This study has established the fact that changing the texture of the ball surface changes the
aerodynamic characteristics of the ball. This suggests that by considering the changes in the
aerodynamic characteristics obtained in response to variations in the number and shape of the
panels and modifications to the surface form, soccer balls with even more diverse aerodynamic
characteristics can be developed.
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Introduction
Post-exercise hydrotherapy is widely used by athletes to improve recovery, adaptation and
performance [1]. There is no consensus on the effect of repeated post-exercise cold (CWI) or hot
(HWI) water immersion on the haematological response in trained athletes. This study investigates the
chronic (4-week) haematological response following repeated CWI vs. HWI post-resistance training in
athletes.
Methods
Eighteen sub-elite, male, SuperRugby players (19.9±1.5 y, 185.3±5.9 cm, 98.3±10.7 kg) participated in
a 12-week training period, divided into three 4-week treatment blocks. During an in-season period,
athletes undertook two standardised whole-body resistance training sessions per week followed by 15
min of CWI (15ºC), HWI (40ºC) or control (CON: static stretching at 25ºC). Athletes were allocated to
groups in a randomised cross-over design. Full blood counts were collected pre- and post- each 4week training block and expressed as mean % change according to treatment. A linear mixed model
was used for the main analysis (Stata IC 15, StataCorp LLC, USA), with an alpha of p < 0.05 as cut-off
for significance.
Results and Discussion
Mean platelet (plt) volume (MPV) was significantly (p < 0.001) different between treatment groups:
CON = -2.03%, CWI = +1.88%, HWI = +0.21% (CWI > CON, p < 0.001; HWI > CON, p = 0.005; CWI > HWI,
p = 0.03). Platelet distribution width (PDW) was significantly different (p = 0.0027) between
treatments: CON = -3.17%, CWI = +2.18%, HWI = +3.21% (CWI > CON, p = 0.006; HWI > CON, p =
0.002). There were no differences between treatment groups for white blood cell counts (total,
neutrophil, lymphocyte, monocyte, basophil or eosinophil fractions), red blood cell count,
haemoglobin (hgb) concentration, haematocrit, mean cell volume, mean cell hgb, mean cell hgb
concentration, plt count or reticulocyte count.
Conclusions
These results show that repeated post-exercise hydrotherapy increases markers of platelet activation
such as MPV and PDW. There were no changes in red or white cell parameters. Changes in MPV and
PDW should be considered alongside performance, anthropometric and physiological measures to
understand the applications of this finding. Future research should investigate the effect of
anthropometry on haematological measures following repeated post-exercise hydrotherapy [2].
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Introduction
Understanding athlete movement in the most intense periods of team-sport matches may assist in the
development and prescription of training that is more representative of competition and inform
match-day substitution decisions. We aimed to quantify peak periods of rugby union competition and
player activity immediately post these periods, and to predict duration- and position-specific match
intensities based on the decline of exercise intensity as a function of time.
Methods
Movement data were collected from 30 elite and 30 sub-elite professional rugby union players across
respective seasons using OptimEyeTM S5 GPS and GLONASS-enabled units (10 Hz) with an embedded
tri-axial accelerometer sampling at 100Hz (Catapult Sports, Melbourne, Australia). Accelerometerderived PlayerLoadTM and Global Positioning System (GPS) derived measures of mean speed and
metabolic power were analysed using a rolling average to identify the maximum mean values in 5- to
600-s epochs. Measures were selected based upon prevalence of use in research and practice whilst
attempting to account for both speed and acceleration-based movements that have been shown to be
able to identify temporal fluctuations in team sport activity profiles. Movement following peak periods
was quantified in five consecutive duration-matched intervals. All measure were analysed using
general linear mixed modelling.
Results and Discussion
Peak player movement far exceeded the match average intensity across all measures and epochs,
declined as epoch duration increased and occurred randomly during match-halves. There was a large
decline in movement immediately after the peak and it rarely returned to match average intensity by
the fifth following interval, possibly indicative of transient fatigue. The log of exercise duration and the
log of intensity provided an almost perfect linear relationship, such that for every doubling of
duration, intensity dropped by 20%.
Conclusions
The log-log relationship between intensity and duration may be used to predict peak intensities of
professional rugby union for any given exercise duration. Sporting practitioners may subsequently use
such data to prescribe and monitor duration- and position-specific training that represents or exceeds
peak periods of competition.
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Introduction
Success in a soccer penalty can be the difference between winning and losing matches, major
tournaments, and multi-million dollar prizes. The outcome is determined by a complex interaction
between the shooter and goalkeeper, whose performance are constrained by biomechanical tradeoffs, such as that between speed and accuracy. To overcome these performance constraints each
player has a range of available strategies. Shooters can kick at different speeds, affecting accuracy,
while goalkeepers can initiate movement at various times (leave-time), affecting the time available
to move and the likelihood they move in the correct direction. Previous attempts to identify the
optimal shooting strategy ignore the trade-offs faced by each player and how they interact to
influence the outcome.
Method
Here, we present a model that predicts the likelihood of success for all shooting strategies, defined
as any combination of shot speed, where the shooter aims, shooter footedness (left or right), and
kicking technique (side-foot or instep). To estimate the likelihood of scoring, each shooting strategy
is matched against all leave-times the goalkeeper might use, considering the likelihood each leavetime is chosen. This model can match individual shooters against individual goalkeepers to identify
the optimal shooting strategy for that specific matchup.
Results and Discussion
Generally, a fast kick aimed close to the ground has the greatest chance of success. Against a
goalkeeper who tends to move early, aiming toward the centre of the goal is optimal. Against a
goalkeeper who tends to move late, shooting to the extremities of the goal is the best strategy, with
the optimal target in the horizontal dimension dependent on shot sped, kick technique, and
footedness.
Conclusions
The optimal scoring strategy for an individual depends on how shot speed affects their kicking
accuracy. With data describing both a shooter’s speed-accuracy trade-off, and a goalkeeper’s likely
behaviour, we can predict the shooting strategy with the best chance of success during a penalty.
This tool can be used by coaches and players across all skill levels.
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Introduction
Female youth football has shown great expansion during the last years in Spain and therefore, it
seems essential to examine the training adaptations in this particular population. During the games,
players are exposed to frequent maximum intensity and short duration actions, such as sprints,
accelerations, decelerations, jumps or changes of direction, which determine the qualitative physical
participation of the footballer in the game. However, these activities can cause injuries in the players,
which is especially relevant in female youth football at a recreational level. In order to reduce the risk
of sustaining injuries, coordinative, strength and proprioceptive exercises have been proven to be
effective in different populations of sportswomen. Therefore, the aim of this study was to determine
the effects of a standardized 12-week warm-up on neuromuscular performance in young female
soccer players.
Methods
Sixty-seven female soccer players between the ages of 10 and 16 (13.1 ± 1.6 years, 150.5 ± 20.9 cm,
48.4 ± 10.1 kg) were randomly divided into a control group (CG; n = 28) and an intervention group (IG;
n = 39). Previous to their training session, the intervention group performed a standardized warm-up
based on neuromuscular activation, strength exercises and plyometrics. The control group carried out
their habitual training plan.
All the players were tested before and after the 12-week experimental period. The Y-test was used to
determine the asymmetry and balance of the players. Explosive strength was assessed through singleleg and double-leg counter-movement jumps (CMJ) without loads and with 5 and 10 kg loads. Speed
of execution in the Hip Thrust and Back Squat with a load of 10 kg was measured with an
accelerometer. SPSS 22.Ink was used for data analysis.
Results and discussion
Speed of execution in the Back Squat increased (p<0.05) in the IG in comparison to the CG after the
experimental period (42.63 ± 33.99% vs 23.09 ± 22.02%, respectively).
Conclusions
This study showed that a 12-week neuromuscular training program increased the speed of execution
of the Back Squat in young female soccer players. As this population of sportswomen is highly
susceptible to sustaining injuries, the improvement of physical performance parameters related to the
production of maximal intensity exercise seems essential to generate soccer-specific adaptations.
Therefore, the introduction of preventive training programs as the one presented in this study might
help reducing the risk of injuries.
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Introduction
The nutrition requirements of team sport athletes are unique to the physiological demands of the
sport in which they compete. Dietitians working with these athletes must consider current scientific
research and dietary recommendations to provide tailored dietary advice. The aims of this review was
to 1) determine the dietary intakes of professional and semi-professional team sport athletes and 2) to
identify priority areas for possible dietetic intervention.
Methods
All methods and search strategies were aligned with PRISMA guidelines (Moher, Liberati, Tetzlaff,
Altman, & Group, 2009). Five electronic databases (i.e. MEDLINE, Sports DISCUS, CINAHL, Web of
Science and Scopus) were searched. Twenty studies (n=490) that provided baseline dietary intake data
on professional and semi-professional team sport athletes were included in the systematic review.
Data was collected from a range of sporting disciplines including; soccer (n=210), rugby union (n=94),
Australian football (n=94), ice-hockey (n=25), wheelchair basketball (n=17), American football (n=15),
handball (n=14), volleyball (n=11) and rugby league (n=10).
Results and discussion
The majority of team sport athletes were reported to consume diets that did not meet energy or
carbohydrate (CHO) recommendations for athletes (Burke, Hawley, Wong, & Jeukendrup, 2011;
Kerksick et al., 2018; Potgieter, 2013). The mean energy intake of the included studies ranged from
9.1-16.6 MJ/day and 7.3-9.8 MJ/day for males and females respectively. Out of the 16 studies that
provided mean intakes of carbohydrates, 14 reported low carbohydrate intake (2.4-4.9 g·kg-1·day-1
and 3.08-4.6 g·kg-1·day-1).
Overall energy and CHO intake was below recommendations for athletes across a range of team
sports, however many of these recommendations are not sport-specific. This systematic review
highlights that many team sport athletes’ energy and carbohydrate intake do not align with
recommendations and emphasises the need for sport-specific recommendations. Additionally, simply
looking at the range in energy intakes, may suggest that male athletes are eating less and not meeting
recommendations. There a range of factors that may have influenced athletes’ dietary intake at time
of report, for example the existence of body composition goals (Andrews & Itsiopoulos, 2016; Bradley
et al., 2015; Jenner et al., 2018). More research is required to explore these factors in order to provide
effective nutrition support.
Conclusions
Emphasis should be placed on the development of sport-specific recommendations that meet the
individualised training demands of different sports and genders. Additionally, greater awareness into
the factors that influence dietary intake may be appropriate.
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ASSESSING THE DIETARY INTAKES OF FEMALE AUSTRALIAN FOOTBALL (AFLW) ATHLETES.
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Introduction
Australian football is characterised as high intensity intermittent sport; interspersed with extended
periods of play with rest periods. In 2016 the Australian football league (AFL) introduced the first
women’s league (AFLW), integrating part-time female athletes into the professional sporting
environment. Dietitians working in AFLW may find that there is limited access to these athletes;
highlighting the need for quality education that is time efficient. No research has previously explored
the dietary intake of female Australian football athletes.
The aims of this study was to assess the dietary intake of female Australian football athletes and
provide baseline dietary data for professionals working with these athletes. This study aimed to
highlight key focus areas for nutrition in this population group and provide nutrition
recommendations.
Methods
This cross-sectional study assessed the dietary intake of twenty-three female Australian football
athletes recruited from one team competing in the AFLW. Dietary intakes were assessed using a 3 day
estimated food records, during a 2017 preseason training week. Dietary intake was assessed against
International Society of Sports nutrition (ISSN) recommendations for professional athletes.
Results and discussion
The majority of athletes did not meet recommendations for energy (87%, n= 20), carbohydrate (96%,
n= 22). In comparison, the majority of athletes met protein (74%, n= 17), fat (78%, n= 18), calcium
(52%, n=12) and iron (91%, n=21) recommendations. No significant difference was found in energy
intake on main training, light training and recovery days (P>0.05).
Energy and carbohydrate intakes reported by AFLW athletes (1884 ± 457 kcal·day-1 and 2.7 ± 0.7 g·kg1
·day-1) were consistent with values reported in previous research of professional female athletes
(Hassapidou & Manstrantoni, 2001; Nepocatych, Balilionis, & O'Neal, 2017; Shriver, Betts, &
Wollenberg, 2013; Valliant, 2012).
Conclusions
Greater nutrition support (i.e. nutrition education) is required to ensure female Australian football
athletes are optimising their dietary intake to support performance and overall health. More research
is required into the development of body composition and dietary intake targets for female athletes,
due to the unique nature of this population group. The development of sport based recommendations
may improve dietary planning and allow dietitians to further individualise dietary advice.
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PRELIMINARY EXAMINATION OF THE GET AHEAD SAFELY IN SOCCER PROGRAM IN A YOUTH SOCCER
POPULATION
Thomas Kaminski - University of Delaware, Victoria Wahlquist - University of Delaware
Introduction
Concussion incidence and repetitive head impacts (RHI) are two safety concerns paramount in youth
soccer worldwide. The United Soccer Coaches has developed an on-line coach training program titled
Get aHEAD Safely in Soccer to help youth coaches teach purposeful heading, engage youth players in
neck/torso strength training, and improve body awareness to prevent concussions. The purpose of this
study was to examine the efficacy of the Get aHEAD Safely in Soccer intervention on neck size and
neck/torso strength by comparing two groups of female youth soccer players. We hypothesized that
changes in neck girth and strength as a result of training would occur in the experimental group
subjects.
Methods
We employed a pre-posttest design using two female youth soccer teams. Our control group (CG)
consisted of 12 players (age:11.0±0.4 y.; height:152.2±11.7 cm; mass:44.8±13.2 kg), while the
experimental group (EG) consisted of 13 players (age:10.5±0.5 yr.; ht:146.2±5.6 cm; mass:36.9±5.9 kg).
The CG took part in the Get aHEAD Safely in Soccer program while the EG did not. The competitive
season spanned 3 months. Pre and post season strength measures of neck girth (NG) and neck/torso
flexion (NF/TF) and extension (NE/TE) were measured using a tape measure and handheld
dynamometer, respectively. Data were analyzed using ANOVA techniques.
Results and Discussion
The CG was slightly older, taller, and heavier than the EG. There were no significant differences in NG
between groups (CG=29.9±2.5 cm vs EG=28.5±1.4 cm). The EG showed significant improvement
(pre=56.0±12.1N vs post=67.6±10.3N) in NF strength as compared to the CG. In contrast, the CG
showed significant improvement (pre =92.9±21.4N vs post=106.8±23.3N) in NE strength as compared
to the EG. There was a significant main effect for time in that both groups showed improvement in TF
pre to post testing (pre=74.3±15.4N vs post=86.7±14.6N). There were no significant changes in TE for
either group, despite a 9.5N increase pre to post in the EG. The changes occurring in the EG after
approximately 3 months are promising and add credibility to performing neck/torso strengthening
exercises for this cohort of soccer players.
Conclusions
The foundational strength components as part of the Get aHEAD Safely in Soccer program appear to
show a benefit in youth soccer players beginning to learn the skill of purposeful heading. The
relationship between neck size and strength and concussion prevention is hypothesized and needs
further study. The youth soccer populations worldwide stand to benefit greatly from research in this
area.
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Introduction
Talent Identification (TID) plays a critical role in developing successful sports performers. However,
current measures within TID tend to focus on physical profiles of athletes, which does not adequately
account for critical perceptual-cognitive skills. The purpose of this study was to measure the visual
search characteristics and decision-making skills of professional Australian Rules (AR) football athletes,
through a video-based task while using eye tracking technology. The results may increase the
understanding of the mechanisms that lead to superior decision-making skill and assist in creating
more comprehensive TID assessments.
Methods
Thirty professional AR football players (Mean age, 24.96 3.7 y) were recruited for this study. The
participants watched a series of 14 video clips while wearing eye movement recording glasses. The
glasses provided metric data on search rate, fixations and fixation duration times. The data was then
analysed using SPSS in various sub routines. Each video paused at a critical decision-making moment
in the game, and the participants were asked to verbally indicate their choice for the next best action
option. Each decision was categorised as ideal (3 points) or less ideal (< 3 points) based on predetermined ratings by three experienced national-level coaches. The method used was based on
previously published research (Vaeyens, 2007; Woods, 2015).
Results and Discussion
A within-task criterion was established, grouping participants by decision making ability, with those
scoring on average 82.8  5.07 % as making a majority of “ideal” decisions (N = 18) and 57.6  19.9 %
as making a majority of “less ideal” decisions (N = 11). Participants making more ideal decisions had
significantly fewer fixations (4.59 ± 2.19.s-1 v. 5.99±2.84.s-1, p<0.001). They also made faster decisions
(2.21 ± .76 s v. 3.71 ± 1.93 s, p<0.001). These results indicate that participants who made more ideal
decisions had fewer fixations and made faster decisions, than those who made less-ideal decisions.
Conclusions
These findings show that, even among a highly skilled group of athletes, distinctions can be made on
perceptual-cognitive skills, in not only outcome decisions, but the process by which those decisions
are made. Participants scoring 82.8  5.07 % appear to have more efficient visual search strategies,
which may serve to process information in the display more effectively. Further investigations will
enhance existing TID practices, and enable coaches and selectors to adopt quantifiable measures of
perceptual-cognitive skills in AR football, with potential application to other complex sports.
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A METHOD FOR ANALYZING ACCELERATION ABILITY OF PLAYER FROM TRACKING DATA
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Junichi Hasegawa - Chukyo University
Introduction
In recent years, with the widespread use of tracking systems, tracking data has become relatively easy
to obtain. While it becomes possible to analyse the performance of players during the match using the
big data, further expansion of the analysis method is necessary. We have focused on the acceleration
vector which is an important element of ability to move, and developed the visualization and
evaluation method of the acceleration ability of each player (Mizutani et al., 2016). In this study, we
propose a method to analyse the player's acceleration in detail.
Methods
The input is time-series data of two-dimensional position obtained by video-based tracking system or
GPS system. From such data, we calculate a set of movement velocity and acceleration vector of the
player on the field coordinate system, based on mathematical method. Next, we calculate a relative
acceleration vector to the moving direction of the player so that the acceleration vector can be
decomposed to the acceleration/deceleration component and the direction changing component. If
position data is tracked at 20 Hz, about 54,000 acceleration vectors are obtained in 45 minutes.
Subsequently we calculate each appearance frequency (histogram) for the direction and magnitude of
the acceleration vector, and for the moving speed at that moment.
Results and Discussion
We analysed characteristics of acceleration during the game for 11 professional soccer players
(including FW, MF, DF and GK), based on the histogram of the acceleration vector. In the experiment,
the histogram that direction, magnitude and moving speed were divided into 8 levels each was used.
Regarding the direction, the rate of deceleration was 2 to 3 times that of acceleration, in all players.
That is, it means that the time of decelerating is obviously greater than that of accelerating. Between
positions, the rate of acceleration / deceleration was slightly lower in MF players than in other
positions (instead, the rate of left and right was higher). Many existing studies deal with only the
acceleration/ deceleration component, but we think that the acceleration ability of a player can be
grasped in more detail by paying attention to the direction change component.
Conclusions
We presented the method for analysing characteristics of acceleration of the player in detail from
tracking data, and the experimental results for professional soccer players. From now on, we plan to
conduct analysis focusing on playing phase such as attack or defense, and experiments using more
tracking data.
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Introduction
Talent identification (TID) is usually based upon subjective and objective performance as a way of ranking
athletes for selection. Objective testing is often included based upon traditional rationale with little
understanding of whether the tests concerned make a meaningful and valid contribution to the
discrimination of athletes (Reilly et al 2000, Vaeyens et al 2008). The aim of the current study was to
understand the physical, technical and tactical aspects of performance that could discriminate elite
Australian youth soccer players.
Methods
Forty-two athletes from the Australian Institute of Sport (national elite) (n = 18; 17.0 ± 0.46 y) and the
Western Australia National Training Centre (state elite) (n = 24; 17.0 ± 0.50 y) undertook a battery of
physical, technical and tactical tests comprising 11 tests. Physical: standing height, body mass, 30 m sprint,
Zigzag test, vertical jump and Yo-Yo Intermittent Recovery Test level 1 (Yo-Yo IR1); Technical: Loughborough
Soccer Passing Test (LSPT), long passing test, shooting test and ball control test; Tactical: Video-based
decision making.
Results and discussion
National elite athletes outperformed state elite athletes in 11 of the 25 outcome measures from the test
battery including: height, 30-m sprint, 20-m flying sprint, Yo-Yo IR1, LSPT penalties, LSPT total, ball control
with ball, ball control without ball, ball control decrement, shooting test dominant leg average speed,
shooting test non-dominant leg average speed and the decision making task (p<0.05, Cohen’s d range 0.68 –
2.93). The state elite athletes outperformed the national elite on the Zigzag test and LSPT time (p<0.05, d =
0.95 and 1.00 respectively). All significant variables were summed to create a cumulative total score (CTS).
Analyses revealed a significant difference between the two cohorts for the CTS (p<0.05, d = 3.06) with
Receiving Operator Characteristic (ROC) curve analysis showing a cut-off score of 2564.11 au would be
required for athletes wanting to achieve higher selection, with 99% accuracy for the area under the curve.
Data visualisation via a violin plot revealed that all except one athlete from the national elite squad
performed better than the state elite squad.
Conclusions
This research suggests that the included tests comprising the CTS may be used to discriminate two highly
skilled groups of athletes across physical, technical and tactical outcomes. Furthermore, if this test battery
was utilised, a cut-off score is available to indicate what needs to be achieved to increase an athlete’s chance
of being selected.
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Introduction
In soccer, the ultimate goal is to score or at least create scoring opportunities. Spatio-temporal
aggregates, like the team centroid, calculated from player tracking data showed a strong coupling with
those key game events. In line with this research we previously introduced the I-Mov to capture the
effect of game actions (passes) and proved its ability to capture the performance of individual players
(Kempe et al, 2018). Based on this research we present the usefulness of the I-Mov at the team level
and its ability to predict scoring opportunities.
Methods
Player tracking data of all 22 players and the ball from 82 professional soccer matches were collected
with the SportsVU optical tracking. Game events like passes, interceptions, and dribbling were
automatically detected in the data stream (Meerhoff et al., under review). The I-mov is calculated as
the absolute displacement of the defending team during a 3-s window after a pass initiation. Shots on
goal, score, and game outcome are collected using official match data. We calculated a composite
performance indicator (CMP) based on the I-Mov, I-MovY and passing accuracy using the Horst
Method for every team and every match. This CMP showed to be sensitive to player performance
before (Kempe et al, 2018). We used a logistic regression model for shots on goals to study the
prediction power of the CMP. Further, we conducted a regression model to investigate the prediction
for shots on goal of the CMP depending on the location of play (1st, 2nd, and 3rd part of the pitch).
Results and Discussion
The curve fitting model provided a good fit between the CMP (= .754, p= .000) and shots on goal. In
addition, CMP in the final third (closest to the goal) was the main predictor for shots on goal in the
regression. These results provide further evidence that spatio-temporal aggregates can predict key
game events. We showed that the approach previously introduced on an individual level is also
applicable on a team level.
Conclusions
This study highlights that performance can be predicted through spatio-temporal aggregates based on
player tracking data.
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Introduction
Lower limb athletic performance could be analyzed through "physiological" laterality which identifies
dominant and non-dominant limbs to better understand the degree of symmetry [1]. However,
medical history of severe trauma of the lower limbs can disrupt the performance of the injured side
[2]. In this study, vertical jump performances and isokinetic evaluations of knee extensors were
analyzed by considering laterality defined according to the side of the operated lower limb.
Method
29 elite soccer players (23 ± 4 y, 182 ± 7 cm, 76 ± 8 kg) from the French first league participated in a
series of tests. Eight participants reported a previous surgery of the lower limbs (S group) and 21 had
no previous surgery (NS group). Participants performed a series of bilateral countermovement jumps
(CMJ), unilateral single stop jumps (SSJ), and isokinetic evaluation of the knee extensors at 60 and
240°/s. S group was compared to NS group in terms of maximum height of jumps, limb symmetry
index (LSI) for SSJ and LSI of maximal force momentum of knee extensors (MFM). Two levels of
analysis were carried out by considering 1) the "physiological" laterality and 2) the "surgical" laterality
for which the "dominant" side was defined as the non-operated one. Statistical analysis consisted in a
one-tailed Student test.
Results and discussion
According to "physiological" laterality, S group jumped 10% lower than NS group for CMJ (p < 0.05). No
significant difference between dominant and non-dominant limbs was found for SSJ height and
isokinetic strength. Taking into account the "surgical" laterality, S group presented a decrease of
maximum jump height for SSJ of 10% on dominant side and 14% on non-dominant when compared to
NS group (p < 0.05). For the SSJ, S group also presented a higher average LSI (2.7%) than NS group (6%) (p = 0.05). Finally, MFM of S group showed a significantly higher (p < 0.05) LSI of 13.8% (at 60°/s)
and 8.5% (at 240°/s) than NS group (-3.6% at 60°/s and 0.7% at 240°/s).
Conclusion
Considering "surgical" laterality may reveal a significant asymmetry, characterized by a decrease in
athletic performances on the operated side. Medical history should be taken into account when
interpreting the results of the various athletic tests carried out by professional soccer players.
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IMPACT POINT DETECTION AND MOTION ANALYSIS FOR THREE TYPES OF KICK IN FOOTBALL
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Introduction
Kicking the ball is an important skill in football games. Players can kick the ball in different ways,
making the ball move in a straight or curved trajectory. However, it is not known how players change
the impact point and kicking motion in different types of kick. The impact point location is needed to
discuss the kick impact.
The aim of this study is to reveal the characteristics of impact point and kicking motion for the three
types of kicks.
Methods
Participants performed straight, curve and knuckle kicks. The kicking motion was captured by using a
three-dimensional optical motion capture system. We used a precomposed virtual foot surface model
to detect the impact point on both the foot and ball. We calculated the ball velocity, ball rotation,
impact point on foot, impact point trajectory and the joint torque of the side lower limb. The POF was
expressed in coordinate values in a local coordinate system against the foot segment. In all statistics
comparison, we used the one-way ANOVA, then used Bonferroni method in the case we found
significance between groups at the level of 5%.
Results and Discussion
The BV values of each trial were as follows; Straight: [25.8 ± 1.5 m/s], Curve: [24.9 ± 1.0 m/s], Knuckle:
[24.8 ± 1.9m/s]. The BR values of each trial were as follows; Straight: [x: 2.06 ± 0.66 rps, z: -0.29 ±0.95
rps], Curve: [x: -1.78 ± 1.37 rps , z: 5.23 ± 1.02 rps], Knuckle: [x: 0.65 ± 1.22 rps, z: -.0.04 ± 0.74 rps].
The local coordinate values of the POF for the three different types of kicks were as follows; Straight:
[Lateral: -24.0 ± 5.6 mm, Horizontal: 152.7 ± 8.4 mm, Vertical: 52.3 ± 4.0 mm], Curve: [Lateral: -35.6 ±
4.8 mm, Horizontal: 151.6 ± 13.7 mm, Vertical: 47.5 ± 5.2 mm], Knuckle: [Lateral: -33.3 ± 9.0 mm,
Horizontal: 140.8 ± 10.7 mm, Vertical: 52.1 ± 2.7 mm]. The POF for a curve kick was located inside area
of foot; thus, the vertical value was lower than those of the other kicks.
In the case of a curve kick, the abduction component of the hip joint torque increased before impact
and achieved the maximum value after impact compared with that of the other kicks. Thus, it was
considered that the hip joint abduction in flexion position opens the foot angle, so that the inside of
the foot face to the ball.
Conclusion
The location of the POF was different for the three types of kicks. Furthermore, a lower vertical
location of POF was observed for the as curve kick compared with that of a straight kick, which was
caused by the hip joint torque. The POF trajectory and the hip joint torque for the curve kick was
similar with those of the straight kick. However, it was considered that impact with point near the
centre of gravity of the foot segment can make low ball rotation for a knuckle kick.
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THE VALIDITY AND RELIABILITY OF 360º VIRTUAL REALITY IN AUSTRALIAN FOOTBALL UMPIRES
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Introduction
Our objective was to examine the validity and test-retest reliability of 360° VR and match broadcast
footage for off-field decision-making assessment in Australian football umpires.
Methods
Two video-based tests of 60 clips each were developed to assess Australian football umpire decisionmaking, including; 360° video of small-sided Australian football games; and match broadcast footage
of AFL games. Face validity was assessed by expert Australian football umpire coaches (n=2), in a
round table manner to determine the correct decisions. Elite (n=13) and amateur (n=15) umpires
participated in two testing sessions, in a randomised, counterbalanced design. Test re-test reliability
was assessed by Cronbach’s Alpha, with Alpha set at 0.60. The clips identified as reliable for each
mode were assessed for construct validity. Game likeness was assessed for each method using a 10cm
visual analogue scale, asking the participants to rate how much they perceived each video mode to be
like their match decision-making process.
Results and discussion
Results indicated 27 360° VR, and 28 match broadcast clips were considered reliable. For both video
modes, elite Australian football umpires performed significantly better than amateur (p<0.05). For
game likeness, 360° VR was rated significantly higher than match broadcast vision for (p<0.05).
Conclusions
This is the first study to examine 360° VR footage as an off-field decision-making tool in sport. As
match broadcast vision is commonly used to assess decision-making in athletes and officials, this
research suggests that 360° VR footage is also an appropriate assessment tool. Although both video
modes demonstrate adequate reliability and validity, 360° VR was considered to be more specific to
in-game decision-making processes.
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Introduction
In soccer players, it is said that the dynamic postural control ability of the support leg is important to
improve kicking accuracy. Wikstrom1) established that dynamic postural control can be assessed by
using the Dynamic Postural Stability Index (DPSI), calculated by 3 directions composite ground reaction
force. However, the relationship between DPSI and kicking accuracy has not been clarified. The
purpose of this study was to clarify the relationship between kicking accuracy and dynamic postural
control ability and to help improving kicking accuracy.
Methods
10 male soccer players (age 22.9 ± 0.8 years (mean ± SD)；height 1.72 ± 0.06 m；body weight 62.8 ±
4.4 kg；years of the experience in soccer 12.2 ± 2.5 years) participated in this study.
Participants took one step toward a stationary soccer ball and kicked the ball to the 11 m away target
with the maximal instep kick. Kicking accuracy was calculated by averaging the distance from the
centre of the target to balls kicked in 5 trials.
The ability of dynamic postural controlling was evaluated by using DPSI in 3 directions jumping as
follows: forward, diagonal, and lateral. Participants stood 70 cm away from the centre of the force
plate (AccuGait, AMTI, Japan) and performed a two-footed jumped over a hurdle and landed with the
non-dominant leg. The hurdle was placed at a height of 50% of their maximum vertical jump. Three
trials were performed in each direction.
Pearson's product moment correlation coefficient was used to examine the relationship between
kicking accuracy and each DPSI of three directions jump. The significance level was set at 5%.
Results and discussion
A significant positive relationship was only observed between kicking accuracy and DPSI of the forward
jump (r=0.68, p=0.02). There were no significant relationships between kicking accuracy and DPSI of
the diagonal jump (r=0.37, p>0.05), and DPSI of the lateral jump (r=0.26, p>0.05).
In kicking the ball, the great ground reaction force occurs. Soccer players with high kicking accuracy
can control ground reaction force with support leg when they kick the ball. Furthermore, the kick
motion and the forward jump motion were most similar among 3 directions jump motion. Therefore,
it was probable that there had the relationship between the kicking accuracy and DPSI of the forward
jump.
Conclusions
The findings were suggested that increasing the level of dynamic posture control in the forward jump
may be important to improve the kicking accuracy.
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Introduction
Until now, few studies have investigated the occurrence and importance of repeated-acceleration
ability in football (Barbero-Alvarez et al., 2014; Barron et al., 2016; Serpiello et al., 2017). Although
such studies have shown promising results, findings have been limited to football referees (BarberoAlvarez et al., 2014) and male youth players (Barron et al., 2016; Serpiello et al., 2017). Furthermore,
the majority of these studies have investigated the occurrence of accelerations of all intensities. The
investigation of repeated high-acceleration ability (RHAA) of elite female players is still yet to be
explored.
This study aimed to investigate the occurrence of RHAA bouts in elite female football matches, and
explore differences in such occurrences between playing halves and playing positions.
Methods
10-Hz GPS devices were used to collect activity profile data on nineteen well-trained, elite female
outfield players from one football club during matches of the 2018/19 competitive season. High
accelerations were defined as efforts commencing above a threshold corresponding to 80 % of the
average 5-m acceleration of all players obtained during a 40-m sprint test, with an effort required to
last for at least 0.3 s. RHAA bouts were defined as ≥ 3 efforts with ≤ 45 s recovery between each effort.
The number of RHAA bouts, number and duration of efforts within RHAA bouts, and recovery duration
within RHAA bouts were assessed as variables of interest.
Results and discussion
An average of 4.7 ± 5.4 RHAA bouts were detected per match. There were meaningful differences in
the occurrence of RHAA bouts within playing positions between playing halves for central defenders
(ES -0.20 ± 0.17) and forwards (ES -0.31 ± 0.17). There were meaningful differences in the occurrence
of RHAA bouts between central defenders and central midfielders (ES 0.51 ± 0.61), and central
midfielders and wide midfielders (ES -0.30 ± 0.48) playing positions.
Conclusions
RHAA bouts occur frequently in elite female football matches, suggesting that RHAA may be an
important physical capacity to be developed in elite female football. Although there were meaningful
differences between positions, RHAA may be an important physical capacity for football in general, as
opposed to specific positions.
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MATCH PERFORMANCE VARIABLES THAT DIFFERENTIATED EUROPEAN AND AFRICAN TEAMS AT
THE FIFA WORLD CUP 2018
Alliance Kubayi - Tshwane University of Technology
Introduction
Since the FIFA World Cup started as far back as 1930 in Uruguay, European teams have dominated
this competition. In contrast, the performances of African teams in such tournaments have been
mediocre and disappointing. Of great concern is that all African teams which participated in the FIFA
World Cup 2018 were knocked out at the group stages of the competition. Therefore, there is a need
to benchmark European teams with African teams in order to identify match variables that define
successful team performance across continents (Winter & Pfeiffer, 2016).
Methods
Thirty games played by African (n=15) and European (n=15) teams were analysed using the InStat
video system. Descriptive statistics (means and standard deviation), independent t-test, effect size
(ES) and intra-observer reliability were used to analyse the data. Match variables in this study
included the total shots, shots on target, goals scored from open play and set pieces, goals conceded
from open play and set pieces, ball possession, short passes, medium passes, long passes, total
passes, accurate passes, crosses, dribbles, successful dribbles, corner kicks, offsides, lost balls,
tackles, successful tackles, ball recoveries, fouls committed, yellow and red cards.
Results and discussion
The findings indicated that European teams had higher averages than African teams on the following
match variables: goals scored from set pieces (M = 2.8, SD = 2.2, p = 0.02, ES = 1.10), total passes (M
= 525.0, SD = 63.7, p = 0.03, ES = 1.31), medium passes (M = 353, SD = 60.2, p = 0.04, ES = 1.46), ball
possession (M = 51.8, SD = 5.2, p = 0.04, ES = 1.19), and corner kicks (M = 4.9, SD = 0.7, p = 0.04, ES =
1.52). The Intra-observer reliability of all variables were within the acceptable limits <5% (Hughes et
al., 2004). The finding in which European teams scored more goals from set pieces than African
teams is consistent with that of Carling et al. (2005) who found that successful teams are far more
efficient than unsuccessful teams at scoring from set plays.
Conclusions
These results have practical implications for football coaches to maximise the performances of
African teams at future FIFA World Cup tournaments.
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PERFORMANCE OF TOP CLUBS IS NEGATIVELY AFFECTED BY NUMBER OF PLAYERS DELEGATED TO
FIFA WORLD CHAMPIONSHIP
Hannes Kulok - Institute for Game Analysis, Potsdam, Germany, Karsten Görsdorf - Institute for Game
Analysis, Potsdam, Germany, Martin Lames - TU München, Germany
Introduction
Anecdotal evidence claims that some top clubs do not perform at their usual high level at the start of
the season after a World Championship. An obvious explanation is that these clubs delegate many
players and these players have a much shorter recovery and preparation time. This study investigates
whether a systematic negative impact of player delegation exists.
Methods
The number of delegated players, the minutes and days they spent in the FIFA World Cup 2018 (WC18)
was recorded for each club of German Bundesliga. Spearman rank correlation was calculated between
the number of delegated players and the clubs' rankings at the final table of the season before WC18
as well as for each game day starting with game day 4 and ending with game day 10 in the new season.
A z-test for differences between two correlation coefficients (Bortz, 1993) was used to test for
significant differences between the correlation before WC18 and each correlation in the new season.
Results and discussion
Before WC18 a highly significant correlation existed between number of delegations and final league
ranking: rho=.751, p<.001. At game day 4 this correlation was not significant: rho= .278, p=.199. The
correlation "recovered", though, by game day 10: rho=.702, p=.001.
Tests for differences between correlations show a significant value for game day 4 (z=1.89, p=.029) and
approaching significance at game day 5 (z= 1.57, p= .058).
The same trends over time were found for minutes and even stronger for days played at WC18.
There is, not surprisingly, a strong positive correlation between the league ranking of a club and its
number of players in national teams. But this holds only for the ranking at the end of the season; it
weakens significantly when the new season starts, indicating that it is unfavourable for the
performance at the beginning of the new season to employ many national team players.
These findings confirm earlier findings (Kolbinger & Lames, 2011).
Conclusions
As has been shown, the more players clubs delegated to WC18, the more clubs performed below
expectations at the beginning of the new season. This raises the question, whether FIFA's
compensation for participating players is adequate (8.400$ per player per day until dropping out of the
tournament).
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RECRUITMENT IN AUSTRALIAN FOOTBALL: THE ROLE OF A RECRUITER IN THE IDENTIFICATION AND
SELECTION OF ELITE YOUTH PLAYERS
Paul Larkin - Victoria University, Daryl Marchant - Victoria University, Damian Farrow - Victoria
University
Introduction
The process of talent identification and recruitment is making informed decisions (based on current
levels of performance) to select (make a prediction on) the most promising athletes who have the best
potential to excel as an elite senior athlete (Baker, Schorer, & Wattie, 2017; Larkin & Reeves, 2018;
Miller, Cronin, & Baker, 2015). Talent identification is a complex process due to the different qualities
associated with performance, including physical, physiological, technical and tactical attributes, as well
as psychological and sociological influences. While it is recommended recruiters apply a
multidisciplinary approach to talent identification, there is still limited understanding of how they
conceptualise talent and the associated processes and assessments. Therefore, we aimed to describe
the knowledge and practices Australian Football recruiters use to inform their judgement when
making talent identification decisions.
Methods
Australian Football League National Recruiting mangers from 12 of the 18 professional clubs
participated in an inductive qualitative semi-structured interview.
Results and discussion
Analysis indicated two emergent themes including a knowledge and practice, and athlete assessment
and selection. Additional sub-themes were also identified within the overarching themes of knowledge
and practice (i.e., talent philosophy; recruiting practice), athlete assessment and selection (i.e.,
technical and physical assessment; psychological assessment).
Conclusions
Recruiters believed previous experience in the talent identification area provides them with the
knowledge to make informed decisions, shaping their philosophy of talent, and specifically what they
value in potential players. Further, in-game technical performance was seen as the most important
aspect when identifying potential players. The findings provide initial insight into the knowledge and
practice of Australian Football recruiters and what they value when making talent selection decisions.
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THE PATHWAY TO THE SOCCEROOS: THE KEY ENVIRONMENTAL, SOCIO-CULTURAL AND FOOTBALL
ARCHITECTURAL FACTORS IN THE DEVELOPMENTAL OF ELITE FOOTBALLERS
Paul Larkin - Victoria University, Damian Farrow - Victoria University, Michael Spittle - Victoria
University
Introduction
Researchers have used the expertise approach to understand the differences in sport-specific factors
which may influence performance, such as physical, technical, perceptual-cognitive, and psychological
attributes. In addition, the time invested by athletes in sport-specific activities during development has
been shown to differentiate skilled and less skilled athletes. While researchers have identified
differences between skilled and less skilled athletes, there remains limited understanding of the
influence of the important environmental, socio-cultural and football architectural factors in the
developmental histories of the footballers who have represented an elite senior National Team.
Methods
This project used a mixed methods approach to gain insights into the developmental histories of
players who played for the Australian national team (Socceroos) during the “Golden Generation” era
(i.e., 2003 – 2014). In total, 18 athletes participated in a one-hour semi-structured interview. Of these
participants, 15 completed the online Developmental History of Athletes Questionnaire (DHAQ).
Results
The qualitative data revealed six primary themes relating to athletes development (i.e., Heart; Family;
The Player; Practice Activities; The Pathway; Current Generation). Quantitative results highlighted on
average, the player’s invested in approximately 1200 hours per year (23 hours per week) in football
related activities over the course of a 20 year period (i.e., 5 – 25 years of age).
Conclusions
Overall, the results found, national team players started playing at an early age (i.e., 5 years of age),
fostered by the support of family members, with the majority of their time in unstructured play. There
was a strong connection to the local club, with many following the common Australian football
pathway, until an early move overseas. The results provide an overview of the key environmental,
sociocultural and football architectural factors during the development phase of athletes that have
represented their country at the highest level.
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THE USE OF RUNNING LOAD INDEX TO (INVISIBLY) MEASURE NEUROMUSCULAR FATIGUE AMONG
TEAM SPORT ATHLETES.
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Introduction
The measurement of neuromuscular fatigue during standardized running tests via micro technology
and accelerometers has recently been proposed as a method of fatigue monitoring (1). However, the
measurements obtained from such tests have yet to be related with commonly used test like leg
stiffness. Leg stiffness is known to be reduced by fatigue due to reduced central nervous system
excitability. The aim of this research is to assess the convergent validity, reliability and sensitivity of
such an approach.
Methods
Twenty male rugby union players (age: 21.0 ± 1.3 years; height: 185.2 ± 6.1 cm; body mass: 97.3 ± 10.3
kg) were recruited for the study, which took place during preseason. The standardized running test
consisted of four 60 meter runs paced at ≈5m.s-1 with 33 seconds of recovery between trials (1). GPS
and accelerometer data were used to calculate a novel running load index from the ratio between the
mechanical load (derived from the vertical axis of the accelerometer) and the speed during each run.
To determine leg stiffness, a double leg hopping test performed on a force plate was used. Leg
stiffness was used to measure the convergent validity. Week to week test reliability was assessed. The
sensitivity to fatigue was evaluated between the beginning and the end of a typical week of training.
Results and discussion
Convergent validity was demonstrated by a large relationship between leg stiffness and running load
index (r=0.54, 90%CI 0.19-0.77). An acceptable level of reliability was shown (coefficient of variation
9.3%, 90%CI 7.3-13.1). The sensitivity analysis showed that while leg stiffness presented only a very
likely trivial change over the course of one week of training, the running load index demonstrated a
most likely large change.
Conclusions
This study demonstrates that the running load index used during (invisible) monitoring, changes to a
greater extent than leg stiffness following a week of training, thus may be a viable test for monitoring
neuromuscular fatigue in team sport.
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RELATIONSHIPS BETWEEN WEEKLY HEART RATE VARIABILITY AND SUBJECTIVE ASSESSMENTS TO
PREDICT MATCH PERFORMANCE IN ELITE RUGBY LEAGUE ATHLETES
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Carl Woods - Sport and Exercise Science, James Cook University, Queensland, Australia; Football
Department, Port Adelaide Football Club, South Australia, Australia
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Introduction
During a competitive season, elite, rugby league athletes undertake regular monitoring including
physiological (heart rate, lactate) and subjective (well-being, muscle soreness, sleep) measures to
assist with management of training and match loads (Inkster, 2018). Identification of the most
appropriate measure/s to assist athlete preparation has yet to be determined. Heart rate (HR)
variability (HRV) is a simple non-invasive measure of cardiac autonomic modulation that has shown
capacity to monitor stress and adaptations in trained rugby athletes (Williams et al., 2018). Previously,
we observed that weekly HRV was associated with match performance and outcome, although its
predictive ability was modest (unpublished observations). Concurrent assessment of HRV and other
measures may provide a greater predictive ability to assist athlete management. The aim of the
current study was to examine the ability of a weekly HRV recording and subjective assessments to
predict match performance for elite, rugby league athletes.
Methods
During each week of the 2014 National Rugby League regular season, 30 elite athletes provided selfreported, subjective assessments followed by one recording of supine HR (5-min) and analysis of HRV
(Kubios v2.1). Weekly match performance was assessed using global positioning system units
(GPSports, Australia). Relationships between variables were examined via Pearson correlation
coefficients while the ability of HRV and subjective measures to predict match performance was
identified via multiple linear, stepwise regression.
Results and Discussion
Significant correlations (r>-0.402 to 0.335) were identified between measures of match performance
(e.g., total distance travelled, MetabolicLOAD – instantaneous energy cost based on a player’s running
speed, acceleration and deceleration) and subjective assessments (e.g., groin and calf tightness), and
HRV measures (e.g., Sample Entropy). Subjective (e.g. groin and calf tightness) and HRV measures
(e.g., Sample Entropy) were identified as significant independent predictors of performance (e.g. total
distance travelled, MetabolicLOAD) with these explaining a small proportion of the performance
variance (adjusted r2=8-30%). The combination of HRV and subjective measures provided stronger (via
adjusted R2) predictive models compared to our prior work examining HRV or subjective assessment
predictors alone. Coaches may use HRV and subjective measures mid-week to monitor player
preparation and forecast match performances.
Conclusions
The current study identified significant relationships between match performance indices, HRV and
subjective assessments. A multi-factorial approach to athlete monitoring may provide greater benefits
in managing elite athletes during a competitive season.
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THE INFLUENCE OF PLAYER INTEGRATION: PERCEPTIONS AND EXPERIENCES IN WOMEN’S FOOTBALL
Dianna Lepore - La Trobe University, Paul O'Halloran - La Trobe University, Maria-Irini Avgoulas La Trobe University
Introduction
Women’s football has experienced rapid growth in recent years. This growth is likely to see an
increase in the number of professional player transfers within the women’s league. In 2018, there
were 577 international transfers with Australia ranking among the highest outgoing transfers
(FIFA/TMS, 2018). Although recruiting new players into a team is generally considered beneficial, the
success of a player transfer is highly dependent upon whether the new player feels integrated (i.e.
accepted and valued by existing members) into their new team. Indeed, an individual may never feel
integrated within a new environment, thus potentially impacting on their ability to perform at their
highest standard. This is particularly concerning for players within the W-League (i.e. professional
Australian women’s football league) as their season can be as short as three months which limits the
amount of time new players are able to adjust to their new role, club expectations, existing team
members etc. In addition, team cohesion has also been linked with influencing team performance,
thus, it is essential that new players are able to adjust quickly and smoothly into their new team. This
paper will explore the perceptions and experiences of new players (W-League players) integrating into
teams over their football careers, and the perceived impact on team cohesion.
Methods
Semi-structured in-depth interviews were conducted with over 80% of the player roster (16 out of 19
players) within a professional W-League club in Australia. Each interview was approximately 60minutes long and data were analysed using thematic analysis.
Results and Discussion
Findings identified factors operating at the individual, team and organisational level that impacted on
feelings of integration. For instance, the study identified several facilitators (e.g. socialising outside the
club, shared goals, transparency in communication) and barriers (e.g. clicks, a disruptive preseason,
role acceptance etc.) to players’ feelings of integration. The link between integration and team
cohesion was prominent, elucidating the influence on team performance.
Conclusions
Findings provide insights that may be beneficial when assisting new players with successful integration
into their new team environment.
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TECHNICAL AND PHYSICAL PERFORMANCE OF FOOTBALL TEAMS IN THE CHINESE SUPER LEAGUE:
EFFECTS OF SITUATIONAL AND ENVIRONMENTAL FACTORS
Changjing Zhou - Technical University of Madrid, Madrid, Spain, Will G. Hopkins - Victoria University,
Melbourne, Australia, Wanli Mao - South China Normal University, Guangzhou, China, Hongyou Liu South China Normal University, Guangzhou, China
Introduction
Football teams in the Chinese Super League (CSL) have to play in various distinct situational and
environmental conditions due to the extensive and complex topography and geography of China.
Study on how these factors could influence match performance of CSL teams holds an important
applied significance.
Methods
Data of all 240 matches in the season 2015 of CSL collected by Amisco Pro® were used to quantify the
technical (17 parameters) and physical (7 parameters) match performance of CSL teams. Effects of 3
situational factors (match location, strength of team and opponent) and 3 environmental factors
(relative air humidity, temperature and air quality index) on the performance were determined by the
generalised mixed modelling. Uncertainty and magnitudes of the effects were assessed using the nonclinical magnitude-based inference.
Results and discussion
Increase in the rank difference (better team vs worse opponent) would substantially increase the
number of goal-scoring related, passing and organising related actions to a small-to-moderate extent.
Meanwhile, it would reduce defending related actions at a small magnitude. In contrast, change in the
rank difference only showed trivial effect on all the physical performance-related parameters. Match
location (playing at home compared to playing away) had positive small effects on goal-scoring
related, passing and organising related variables, while a negative small effect on yellow card, and
trivial effects on the rest of the variables. Increment in relative air humidity and air quality index would
only bring trivial-to-small effects on all the 17 technical performance-related parameters. Increase in
humidity would decrease the physical performance-related parameters at a small magnitude.
However, increase in air quality index would likely bring a trivial-to-small increment in the physical
performance-related parameters. Teams achieved the most total distance, sprint distance, sprint
effort, high-speed-running distance, high-speed-running effort, high-intensity-running distance, and
high-intensity-running effort at the temperature of 11.6, 15.1, 13.2, 12, 10.6,13.6, and 11.6 ºC,
respectively.
Conclusions
In the CSL, situational variables had major effects on the technical performance but trivial effects on
the physical performance, on the contrary, environmental factors affected mainly the physical
performance but had only trivial-to-small effects on the technical performance.
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MATHEMATICAL MODEL OF THE TRAJECTORIES OF A SIDE-SPINNING SOCCER BALL BASED ON
STOKE’S THEOREM AND THE MAGNUS EFFECT
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Introduction
The purpose of this experiment is to investigate the accuracy with which the mathematical model
established using Stoke’s theorem and the Magnus effect predicts the trajectories of the side-spinning
soccer ball and determines the most significant element that impacts the soccer ball trajectory,
regardless of the height of the final position of the ball. With the rapid development of VR technology
and the lack of good free-kick takers, a VR training system for Goalkeeper might be established in the
near future. As the VR training system should provide different types of free-kicks, an accurate
prediction of soccer trajectories would become important.
Methods
Using the force equations provided by Stoke’s theorem, Kutta–Joukowski lift theorem, and Newton’s
second law, the motion equations of the soccer ball being investigated were determined. The
simulation of the trajectory was obtained by solving these equations using a computer program called
Mathematica. In order to obtain the actual angular velocity, velocity, and the trajectory of the soccer
ball, four markers were placed—one each—at the top, on the two sides, and in front of the soccer ball.
These markers were tracked with VICON and their positions were collected as Cartesian coordinates
with respect to the earth. The original position, velocity, and acceleration of the soccer ball were
found by substituting the position data with a 4th-order polynomial. Since the drag coefficient and lift
coefficient are supposed to be consistent values throughout the experiment, the initial values were
chosen as the theoretical values for the equations of motion. The actual forces acting on the soccer
ball were found by taking the numerical derivative of the position function, which is obtained from the
VICON data. The dimensionless coefficient Cl and Cd are obtained by comparing the theoretical values
of the forces with the actual values. Finally, we compared the calculated trajectory and the actual
trajectory.
Results and Discussion
From the comparison, it is observed that the mathematical model yields a relatively accurate
prediction of the trajectory of the soccer ball with about 0.7% error on the x-coordinate and 4.7%
error on the y-coordinate in terms of the final positions. However, the arc length observed in the
experiment is slightly shorter than that in the calculated results. Even though the final position is quite
accurate, a shorter arc length might make it easier for the goalkeeper to make a safe. This is likely to
have been caused by the variation in the value of the drag coefficient and the lift coefficient during the
free flight.
Conclusions
In summary, the mathematical model based on Stoke’s theorem and the Magnus effect can accurately
predict the trajectory of a side-spinning soccer ball with acceptable error. With the improved accuracy
on the calculation of both the drag coefficient and the lift coefficient, this mathematical model might
be used in the future VR training system for Goalkeepers, especially for those teams that do not have a
good free-kick taker.
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THE LONGEST JOURNEY - 21 YEARS OF TRAVEL AND PERFORMANCE IN SUPER RUGBY
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Introduction
Frequent air travel is common in sport. Travel across time zones can have detrimental effects on
athletes (Leatherwood & Dragoo, 2013). The aim of this study was to quantify effects of long-haul
travel on performance of Super Rugby teams over the first 21 years of competitions.
Methods
Outcomes of all matches played from the beginning of the competition in 1996 to the end of 2016 and
key performance indicators (KPIs) for each game from 2006 to 2016 were retrieved from the
competition website. Data were analysed with general and generalized mixed linear models.
Predictors for match outcome were a linear effect for time zones crossed, a linear effect of travel
duration, and an away-match disadvantage; additional predictors for the KPIs accounted for rules
amendment in 2008, a change in competition format in 2011, and a linear secular trend. Magnitude of
the effects on match outcomes was assessed as predicted game in closed matches, while those on
KPIs were assessed by standardization.
Results and Discussion
In 1996 the predicted combined effect of 24 hours eastward travel across 12 time zones and playing
away was a clear reduction of 5.8 points scored per match (90% confidence limits ±3.5), resulting in
4.1 more matches lost for every 10 close matches (±1.3). Corresponding effects for westward travel
were 6.4 points (±3.5) and 3.1 matches (±1.5). In 2016 effects of eastward travel were 3.7 points (±3.0)
and 2.3 matches (±1.3), whereas travelling westward the effects were 3.7 points (±3.0) and 1.5
matches (±1.3). These travel effects were due mainly to the away-match disadvantage. In 2006, for
most KPIs the combined effects of travel east or west and playing away were trivial or small and
negative but generally unclear. In 2016 more effects on KPIs were clear and negative: small for
westward travel and small to moderate for eastward travel. The away-match disadvantage had only a
trivial contribution to the effects on KPIs. There were positive secular trends for most of the KPIs,
consistent with the evolution toward a more physical game despite clear reductions in the KPIs
following changes in rules and competition format.
Conclusion
In recent years long-haul travel has produced a less physical game for the travelling team. The recent
reduction in the travel effects on match outcome must be due to changes in strategies or tactics,
which mitigate the away-match disadvantage. The remaining away-match disadvantage provides
further opportunities for performance enhancement regardless of travel.
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USE OF NUMERICALLY-BLINDED RATINGS OF PERCEIVED EXERTION IN SOCCER: ASSESSING
CONCURRENT VALIDITY
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Technology Sydney, Tim Massard - Western Sydney University
Introduction
Ratings of perceived exertion (RPE) are a commonly used, unobtrusive, and low-cost measure to
quantify athletes internal load. However, RPE may lack sensitivity given its gestalt nature [1], and the
habitual ratings provided by athletes may result in clustering [2], which could reflect an over-emphasis
on the numeric values rather than the qualitative exertional descriptors. Numerically-blinded RPE have
been used to improve sensitivity [1], but the concurrent validity of this technique has yet to be
determined.
Methods
30 elite male youth soccer players (Age: 16.7±0.5; final Yo-Yo IR1 velocity: 4.81±0.08 m·s-1) were
monitored during training and matches over a ten-week in-season period. Players total, high- (≥3.61
m·s-1) and very-high speed (≥4.58 m·s-1) running distances, high metabolic power (≥20 W·kg-1),
impulse, mechanical and metabolic work (Pmet * duration) were determined via raw 10Hz GPS. Heart
rate (HR) was collected continuously, and expressed as Bannisters and Edwards training impulses, and
minutes >80% of players pre-determined HR maximum (Yo-Yo IR1). RPE was collected confidentially
10-15 minutes post training/matches using two methods: 1) a traditional verbal response to the 0-100
CR ‘centi-max’ scale [2] (RPETRAD); and 2) numerically-blinded centi-max scale (RPEBLIND) with the
response selected manually via a 5x7” tablet ‘slider’ on a smartphone application (Prepare2Perform;
http://p2p.scem.westernsydney.edu.au/). RPETRAD and RPEBLIND were both divided by 10, and
multiplied by duration to derive sessional RPE (sRPE). Linear-mixed models compared ratings, and
within-subject repeated measures correlations assessed the sRPE vs HR and external load associations.
Results and Discussion
There were no differences between RPETRAD and RPEBLIND (-0.18; 95% confidence intervals [CI]: 0.67 to 0.31 au, p=0.469) or their sessional values (-12.4; CI: -52.4 to 27.5 au, p=0.542), and ratings
were near perfectly correlated (r=0.975). Associations between sRPE versus HR and external load
metrics were large to very-large (r=0.67-0.81), with no differences between the sRPETRAD and
sRPEBLIND associations (p≥0.65).
Conclusions
Numerically-blinded sessional RPE demonstrated concurrent validity versus the traditional method,
and maybe used in situations where practitioners have concerns regarding the authenticity of athlete
ratings.
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NEW PERSPECTIVES ON SOCCER FROM THE SCIENCE OF COMPLEX SYSTEMS
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Introduction
In recent decades, social and behavioural scientists have borrowed theoretical concepts and
methodological techniques from the science of complex systems, leading to new ways of
understanding human behaviour. Self-organization is present in a variety of phenomena in almost all
branches of natural sciences, engineering and social life, phenomena that appear to be rather
different but nevertheless often obey universal laws. In sports science, the athlete-environment
relationship can be considered as two coupled and dynamical systems that mutually impinge each
other, exhibiting features of self-organization that are common throughout nature. This perspective,
coupled with new advances in technology, has led to the development of novel insights in sports
science in general, and in soccer specifically.
Methods
Along these lines, from the Team Sports Department at FCB, we concern with applying the right
scientific lens when studying our style of play. Specifically, we emphasize on the need to commit to a
science that respects the qualitative aspects when quantifying our game. When pursuing such
endeavour, together with the Center for the Ecological Study of Perception and Action at UConn, we
are pioneering the study of how behaviour in soccer is shaped by the continuous, dynamic interaction
between an organism and its environment. Indeed, we are continuing the legacy that Bob Shaw and
Michael Turvey started back in the 80’s by developing the right physics for the study of living systems
(i.e., ecological physics) [1] but specifically in the case of soccer. For example, the use of tracking
systems capable of generating positional raw data of players on the field at all times have allowed to
study the temporal evolution of goal-directed behaviour at both, the individual and collective level. At
the individual level, we describe changes of the local variables based on solutions of ordinary
differential equations that capture the observed behaviour where goals represent attractors (regions
in the state space towards which trajectories converge); opponents represent repellers (states to be
avoided); and sudden changes represent bifurcations (qualitative transitions in behaviour) [2]. At the
collective, in contrast, the output of local control laws we use, measure the degree of coupling from
those variables that at the individual level have meaning in the state space and that at the collective
level can have meaning when individuals have a common goal [3].
Results and Discussion
Here, we will discuss theory and research findings that have arisen from the application of an
ecological physics approach to questions in soccer. For example, 1) how can collective behaviour be
modelled without missing information from local actions that feedback to the collective motion?
Results show that there is a significant difference between different approaches to measure collective
behaviour based on the methodological approach. 2) how can we model the minimum unit of action
at the ecological scale, that is the player-ball system in soccer? We show the parameters that we fit in
order to accurately predict 1vs1 interactions, and present simulations of the resulting model; 3) what
implications does it have to put information at the same level that energy when trying to quantify
perceptual capabilities without invoking any proverbial cognitive homunculus for such a practiceoriented approach? Here results suggest that the system is governed by thermodynamical principles
defined by stable fixed points such as distance-to-goal or distance-from-defender.
Conclusions
These ideas will be new to many of the conference attendees, and therefore this talk will be of general
interest, expanding the perspective of the football science community and introducing the audience to
new ways of conceptualizing the problems they face in both research and practice.
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PREDICTING SOCCER PERFORMANCE FROM PHYSICAL VARIABLES OF HIGHLY SKILLED SOCCER
PLAYERS DURING A YOUTH TOURNAMENT
Xavier Reche - Sport Science Department at Futbol Club Barcelona, Enric Gimenez - Real Track
Systems, Peter Demopoulos - Real Track Systems
Introduction
Physical variables have been shown to be of relevant importance in the game of soccer. However, not
all physical variables are of relevance to predict successful soccer behaviors and some of them are not
reliable across competitions. One of our goals thus, is to explore those variables that may have more
prevalence to successful performance. A unique and novel way to explore this, it is thorough a
tournament format. Such scenario allowed us to measure these variables across one player through
several matches in just a few hours or days. Hence, we aimed to test which physical variables are more
consistent within players from one half to the next and from one match to the next one. This work can
prove to be valuable because it allows better organization of physical variables based on their
relevance to performance.
Methods
A total of 16 matches were selected from an International youth soccer tournament called the Lennart
Johansson Academy Trophy from which field players in both teams were equipped with GPS. Each
match was divided in first and second half, such that resulted in 320 total performances (players in a
match) to be analyzed. That is, number of players in a match (N=20) across all 16 matches. Then, the
Pearson correlation between the first and second-half values of each variable was calculated. Among
the selected ones there was mean distance, maximum acceleration, maximum and average speed as
well as player load.
Results and discussion
Overall, our results show that there are some physical variables that are more reliable than others to
predict performance. Some of the variables with higher correlations were acceleration (r = 0.48),
speed (r = 0.58) and player load (r =0.5). Others such as distance (r = .05) or deceleration (r = -0.04)
were lower.
When designing composite variables, one can test if they are useful by measuring these correlations.
Here our results suggest that we should design variables that are consistent from half to half or match
to match. Variables with low correlation match-to-match are not very consistent and may be driven
more by randomness, among other factors. Therefore, if we rely too much on distance for example,
we may not be capturing any critical elements of a player's performance. Instead we should focus on
the patterns of acceleration and deceleration. These are more consistent which suggests it is less
random and might capture a more individual aspect of performance. As such, these variables are more
likely to be useful when designing more complex analyses and methods of player evaluation.
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DOES SIZE MATTER IN THE AERIAL DUELS INTO THE BOX? INSIGHTS FROM 2017-2018 SEASON
MATCHES FROM 8 DIFFERENT COMPETITIONS
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CreativeLab Research Community, Vila Real, Portugal; University Institute of Maia, Maia, Portugal; ISMAI
Sports Analytics Lab
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Paulo Correia - University Institute of Maia, Maia, Portugal; ISMAI Sports Analytics Lab, Maia, Portugal
João Silva - University Institute of Maia, Maia, Portugal; ISMAI Sports Analytics Lab, Maia, Portugal
André Marinho - University Institute of Maia, Maia, Portugal; ISMAI Sports Analytics Lab, Maia, Portugal
Marco Rocha - University Institute of Maia, Maia, Portugal; ISMAI Sports Analytics Lab, Maia, Portugal
Adélio Gil - University Institute of Maia, Maia, Portugal; ISMAI Sports Analytics Lab, Maia, Portugal
Introduction
The relationship between players physical characteristics and match performance has been studied
in rugby [1] and basketball [2]. In association football the player height may be crucial in the aerial
match moments, namely in the corners and in the crosses. Thus the aim of this study is to
characterize the football payers inside the penalty area (attackers and defenders), in the corner kicks
and in all the crosses into the box from open play, according to their stature and body mass and
related then to several performance indicators.
Methods
All the corners (n= 24.249) and open play crosses into the box (n=6.772) from the matches of the
2017-2018 season (n=2.508) from the Premier League-England (corner=3.835, cross=1.157), Serie AItaly (3.814, 1.146), La Liga-Spain (3.618, 1.022), Bundesliga-Germany (2.814, 788), Ligue 1-France
(3.640, 1.021), Liga NOS-Portugal (3.054, 832), UEFA Europa League (2.289, 491) and UEFA
champions league (1.284, 315), were analysed through video notational analysis and the following
performance indicators were assessed: defence tactics, effectiveness, goal zone, number of
attacking/defending players inside the box, number of players defending the goalposts, part of the
body used to shoot, scoring area, subsequent play, type of corner kick. The players’ physical
characteristics (weight and height) were retrieved from the official competition websites.
Magnitude-based inferences [3] techniques were used to evaluate the differences of players’
physical characteristics according the multiple filters (performance indicators) used in this work.
Results and discussion
The average number of corners per matches range from 9.2 in Bundesliga to 10.1 in Premier League
[ES <0.2], and the average number of cross to the penalty area range from 2.4 in UEFA Europe
League to 3.0 in Premier League [ES <0.4].
The physical characteristics of the players involved in the aerial moments into the box, had a trivial
to moderate effect in several of the match performance indicators analysed.
All the 8 analysing competition showed a regularity according to the average number of corners and
crosses to the penalty area per match.
Conclusions
The understanding about the overall trends presented by this work, as well as knowing the
specificities of the particular results, would help the teams to better prepared for dispute the aerial
duels in the different game moments, through the repositioning of their players on the field.
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COMPARISON OF SITTING HEIGHT PROTOCOLS USED FOR THE PREDICTION OF SOMATIC
MATURATION
Tim Massard - Westfields Sports High School; Western Sydney University, Job Fransen - University of
Technology Sydney, Rob Duffield - University of Technology Sydney; Football Federation Australia,
Tony Wignell - Westfields Sports High School; Football Federation Australia, Ric Lovell - Western
Sydney University
Introduction
Biological maturation is an aspect of human growth and development, and its timing and tempo has
shown to confound talent identification in youth sport. [1]. Despite conjecture regarding the accuracy
of non-invasive somatic estimations of the age at peak height velocity (APHV) [2], the techniques are
widely used in youth sport. Yet, the criterion method in determining sitting height (sitting height
stadiometer; SHstad) is rarely used in applied practice given its cost, and a number of surrogate
protocols are prevalent. Hence, the purpose of this study was to compare measurement properties for
three protocols determining seated stature and examined their impact upon estimations of the APHV.
Methods
Ninety-two adolescent athletes (38 M, 54 F, aged 14.2 ± 1.3 years) undertook two batteries of
anthropometric assessment including standing height, body mass and sitting height, scheduled 7 days
apart. Seated stature was determined using the criterion measure, SHstad, a 40cm anthropometric box
(SHbox) and seated on a gymnasium floor (SHfloor). In turn, anthropometric data from each sitting height
method was used to calculate sex-specific APHV, using three different equations (Mirwald, Moore,
Fransen [2]). Typical error of the estimate was derived from log-transformed data (coefficient of
variation; CV). Agreement was determined via intra-class correlation coefficients (ICC), and Pearson
correlations (r), for reliability and validity, respectively.
Results and Discussion
Each sitting height protocol, and their subsequent estimates of APHV had strong reliability in both
males and females (CV ≤ 2.5%; ICC: ≥ 0.98). Surrogate measures of sitting height (SHbox, SHfloor)
demonstrated strong agreement with the criterion (SHstad; r ≥ 0.97), but SHfloor under-estimated seated
height by 2-3 cm on average, which translated into a delayed prediction of APHV in males (+0.4-0.6
years).
Conclusions
Whilst each sitting height protocol demonstrated sound within-method reliability, SHfloor overestimates APHV in adolescent males; and should avoided where possible. Alternatively, SHbox is a
suitable proxy measure to determine sitting height and in turn, provide appropriate estimates of
APHV.
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COMPARISON OF PLAYER-DEPENDENT AND PLAYER-INDEPENDENT SPEED THRESHOLDS TO MODEL
INJURY RISK IN SOCCER.
Tim Massard - Western Sydney University, Matt Whalan - University of Wollongong, John Sampson University of Wollongong, Billy Hulin - University of Wollongong, Ric Lovell - Western Sydney
University
Introduction
High speed running (HSR) loads have been linked with non-contact injury risks in soccer [1], however,
speed thresholds are typically applied either without regard to individual player fitness or are based
upon percentages of peak speed which may lack physiological rationale [2]. This study investigated
whether using an individualised (player-dependent) approach to HSR load monitoring may better
relate to injury risk versus arbitrary speed thresholds (player-independent).
Methods
47 semi-professional soccer players from two clubs were tracked over two seasons using 10Hz GPS.
HSR distances were calculated both arbitrarily (≥ 5.5 m·s-1), and in an individualised fashion based on
the final speed of the 30-15 intermittent fitness test (iHSR; ≥ 30-15IFT), determined at the start and
mid-point of each competitive season. Running loads were compared using rolling 7- (acute) and 28day (chronic) periods, together with uncoupled acute:chronic workload ratios (ACWR). Non-contact,
lower limb, time-loss injury data was collected by club physiotherapists. For each individual player,
arbitrary and individualised loads were categorised into quartiles (low, moderate, high, very-high),
from which Generalised Estimating Equations and Relative Risk were used to assess injury risks. HSRinjury risk models derived from player-dependent and independent speed thresholds were compared
via information criteria tests.
Results and Discussion
Moderate to very-high acute HSR loads were all likely harmful compared with low HSR loads (RR=1.581.74, p ≤ 0.153). Acute iHSR showed unclear effects. Both chronic HSR and iHSR showed likely harmful
effects versus moderate to low loads (HSR; RR=1.39, p=0.175. iHSR; RR=1.39, p=0.206). High ACWR
HSR showed a very-likely harmful effect compared with low ACWR (RR=1.78, p=0.041), whereas ACWR
calculated from iHSR showed unclear effects. Whilst player-dependent speed thresholds changed the
interpretation of some HSR-injury relationships, there was no difference in model performance.
Conclusions
Using player-dependent thresholds to compute HSR changed the interpretation of workload-injury risk
models, yielding mostly unclear effects of HSR load on injury. Whilst the interpretation changed for
player-dependent thresholds, model performance was not improved versus arbitrary speed thresholds
for the determination of injury risk.
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THE RELATIONSHIP BETWEEN THE ORIGIN OF A SHOT AND THE GOALKEEPER’S ACTUAL MOTION IN
RESPONSE TO THE SHOT
Keita Matsukura - Doshisha University, Yusuke Hirashima - University of Tsukuba
Introduction
In soccer, goalkeepers (GK) face shots from various distances and angles. The shot's angle of entry into
the goal is limited by the angle from which the shot originates; therefore, the area that a GK needs to
guard is smaller than the actual size of the goal (Welsh, 2014) and the GK’s motion may also be
limited. Our study aimed at elucidating how the origin of a shot changes the GK's actual motion in
response to the shot.
Methods
The study involved evaluating the videos of 48 matches from the preliminary leagues of the 2018 FIFA
World Cup (461 scenes, in total). The shot locations and the GKs' motion responses were classified
using the following criteria: 1) motion at the time of scoring and 2) the type of stepping action
performed before the motion. The shooting areas were classified into six types based on a
combination of angles (3 patterns: centre, mid-centre, side) and distances (2 patterns: near, far); the
number of shots taken was classified into 2 types, success and failure. Motions at scoring were
classified into 3 types, handling the ball while standing, handling the ball while diving, and blocking.
The types of stepping motion were classified into three categories: no stepping, with stepping, with
movement of only ball side leg. The occurrence of each event was verified using a χ2 test.
Results and Discussion
First, there were significant interactions found in the motions at the time of scoring in relation to the
areas from which the shots originated. Diving actions were more likely to be seen when goals were
scored in the far area (80%), and less likely to be seen while saving a goal in the centre-near area
(34%). Furthermore, with regards to the shooting area and types of stepping actions before diving, the
movement of only the ball side leg occurred with significantly higher frequency in the mid centre-near
area (54%), no-stepping action was seen to be higher in the mid centre-near area (58%), and stepping
action is also seen in the mid centre-far area (33%) when compared to other areas and motion types.
This may be explained by the differences in the time taken for incoming shots to reach the GKs.
Therefore, the following may facilitate the GK's task in guarding the goal: When shots originate from
distance, the GK should preferably adopt a posture that facilitates stepping; when the shot is
originates from close, the GK should adopt a posture facilitating easier diving for the ball when the ball
cannot be handled while standing.
Conclusions
Our findings suggest that, depending on the shot location, GKs should adapt their bodies for motions
that are needed in response to shots. Thus, GKs can increase chances of successful defence against
incoming shots by adopting a preparatory posture that facilitates the motion necessary to keep the
ball outside the goal.
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RELATIONSHIP BETWEEN VO2 MAX AND INTENSE AEROBIC INTERVAL TRAINING BOUT IN ELITE
FOOTBALL PLAYERS
Juan C. Mazza - Biosystem Institute Sports Sciences, Rosario, Argentina
Raúl Festa - Biosystem Institute Sports Sciences, Rosario, Argentina
Patricia Cosolito - Biosystem Institute Sports Sciences, Rosario, Argentina
Introduction
Football (soccer) matches demand players who can repeat high intensity running during all of the
game. This capacity is related, in part, with VO2max and an efficient metabolic running economy. This
study tries to establish a relationship between laboratory and field tests used to generate information
about a player´s level of fitness and likely physical performance.
Methods
19 male elite soccer players (26.37 ±3.09 y) performed two tests: a) an ergo-spirometer maximum
test, in a laboratory (EeMT), with an incremental protocol, to determine VO2max and vVO2max; b) an
intense field aerobic interval training test (IT) with a 3-day rest period, between them. The EeMT
protocol started at 10.0 km.h-1, increasing 1 km.h-1 every 2 min, until exhaustion. The IT protocol
consisted of 10 repetitions over 400 m (steady state speed) with 1-min passive rest, during which
blood lactate (BL) measurements were collected at the end of repetitions 2-4-6-8 and 10. Pearson’s
correlation coefficient (r) were calculated between VO2max, vVO2max and IT performance.
Results and Discussion
VO2max and vVO2max mean values were 61.56 ±3.26 ml.kg-1.min-1 and 20.88 ±1.39 km.h-1 (5.80 ±0.39
m.s-1), respectively. IT average speed was 16.98±0.61 km.h-1 or 4.72±0.17 m.s-1 (Mean time: 1:24,80
±03,09), which had BL average values of 4.9±0.8 mmol.L-1. We found high r values between VO2max and
IT performance (r=0.88), as well as vVO2max and IT performance (r=0.85). These results highlight the
important relationship between maximal aerobic performance and a high fractional vVO2max (81.38%)
obtained in IT running (10 repetitions over 400-m, at sustained speed, maintaining a steady state BL at
4.9±0.8 mmol.L-1).
Conclusions
This study shows that an IT protocol performed in elite football players could be used to predict
maximal aerobic performance or VO2max, and could be related with aerobic fitness levels, necessary for
performance in a soccer match
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UNDERSTANDING SITUATION AWARENESS: INVESTIGATING THE VISUAL SCANNING OF ASSOCIATION
FOOTBALLERS DURING MATCH-PLAY USING WEARABLE TECHNOLOGY
Thomas McGuckian - Australian Catholic University, Daniel Chalkley - Australian Catholic University,
Gert-Jan Pepping - Australian Catholic University
Introduction
Visual exploratory action, commonly known as scanning in applied settings, is an important skill in
football as it supports the situation awareness of players in their 360-degree environment. Indeed,
extensive scanning prior to receiving the ball is strongly related to improved performance with the ball
(Jordet et al., 2013; McGuckian et al., 2018a). Despite the value of this visual perception skill, visual
exploration in match-like situations is relatively under-investigated (McGuckian et al., 2018b). Here, we
add to the visual exploratory action research by utilizing wearable technology to quantify the scanning
actions of football players during 11v11 match-play. Relationships between scanning and on-ball
performance were investigated, as was the influence of playing position, pitch position and phase of play
on scanning actions.
Methods
Across two studies, 48 male footballers competed in 11v11 match-play. The frequency and excursion of
players’ exploratory head movements were quantified with inertial measurement units, pitch position
was quantified with GPS units, and actions with the ball were quantified using notational analysis.
Analyses investigated the influence of scanning before ball possession on actions with the ball, and the
influence of playing position, pitch position and phase of play on scanning actions.
Results and Discussion
When players explored more extensively before receiving the ball, they were more likely to turn with the
ball (OR range = 1.14 to 2.45), play a pass in the attacking direction (OR range = 1.15 to 2.33), and pass to
an area that was different to the area the ball was received from (OR range = 1.20 to 3.09). Analyses
revealed central midfield players explored more extensively than other positions (ES(d) range = 0.03 to
0.29), however with large within-position variability. Players explored less during transition phases of play
than during offensive and defensive phases (ES(d) range = 0.31 to 0.56). Players also visually explored
differently according to the area of the pitch they occupied. This increased understanding of scanning
behaviour, along with the newly developed data collection methods, can assist in more informed efforts
to develop players’ situation awareness.
Conclusions
A growing body of evidence suggests that the development of visual exploration should be a priority for
applied practice. Given the time-efficiency, accuracy and reliability of wearable technology for quantifying
visual exploratory action, they present a suitable option for research and applied work that is interested
in meeting this need.
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COMPARING SUBJECTIVE AND OBJECTIVE EVALUATIONS OF PLAYER PERFORMANCE IN AUSTRALIAN
RULES FOOTBALL
Sam McIntosh - Victoria University, Stephanie Kovalchik - Victoria University, Sam Robertson Victoria University
Introduction
Player evaluation plays a fundamental role in the decision-making processes of professional sporting
organisations. In the Australian Football League (AFL), both subjective and objective evaluations of
player match performance are commonplace. This study aimed to identify the extent to which
performance indicators and contextual variables can explain subjective player performance. It also
aims to draw comparisons between subjective and objective evaluations of player performance.
Methods
Inside Football Player Ratings (IFPR) and AFL Player Ratings were collected as subjective and objective
measures of player performance, respectively, for each player during all 1034 matches throughout the
2013-2017 AFL seasons. Nine common player performance indicators, player role classification, player
age and match outcomes were also collected.
Correlational analyses were undertaken between the rating systems and each of the performance
indicators. Linear regression and recursive partitioning and regression tree models (RPART) were
undertaken across the whole dataset, as well as separately for each of the seven player roles.
Results and Discussion
Moderate associations were noted between the AFL Player Ratings and IFPR, IFPR and kicks, and kicks
and marks. Linear regression analysis produced a model associating the performance indicators with
IFPR at an adjusted R2 = 0.63 and a root mean square error (RSME) of 1.06 rating points. When
analysed separately on each player role, adjusted R2 ranged from 0.33-0.73 and RMSE ranged from
0.90-1.28 rating points. The RPART model outlined that IFPR could be explained exactly in 35.8% of
instances, and within 1.0 IFPR point in 81.0% of instances. When analysed separately, exact
explanation varied from 25.2-41.7%, and within 1.0 IFPR point 70.3-88.6% of the time. Overall, kicks
and handballs were most associated with IFPR, along with goals for General, Key and Midfield
Forwards as well as Midfielders, hitouts for Ruckmen, and match outcome for General and Key
Defenders. Winning team match outcomes were associated with an improved explanation of IFPR.
Conclusion
This study highlights that a select few features account for a majority of the variance when explaining
subjective assessments of player performance; however these vary with respect to player role. AFL
organisations should utilise the findings to gain a better understanding of the differences associated
with subjective performance assessment.
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WHICH SUBMAXIMAL FITNESS TEST IS MOST RELIABLE FOR MEASURING EXERCISE HEART RATE? A
COMPARISON OF THREE METHODS IN RUGBY LEAGUE PLAYERS
Shaun McLaren - Leeds Beckett University, Leeds, UK & The Rugby Football League, Leeds, UK, Steve
Barrett - Hull City FC, Kingston Upon Hull, UK, Tannath Scott - University of Queensland, Brisbane, AUS
Introduction
Submaximal fitness tests offer a valid and feasible means of quantifying physiological function during
exercise (Buchheit et al., 2012). Understanding the reliability of these tests is important for
interpreting individual changes, which may be used to infer on fitness or fatigue. We therefore aimed
to compare the test-retest reliability of exercise heart rate during three submaximal fitness tests in
adolescent rugby league players.
Methods
Fourteen senior academy players (age: 19 ± 1 y, 94.6 ± 5.2 kg, 185 ± 7 cm) from a National Rugby
League club completed three submaximal tests during the first three weeks of a pre-season training
period. Each test was performed twice, on an outdoor grass field, with sessions separated by 72-hours
and preceded by 24-hours of complete rest. The three tests were: 1) a four-minute shuttle run
consisting of 12 × 20-s shuttles performed at 60% of the end-stage velocity achieved in the 30–15
Intermittent Fitness Test (IFT60); 2) a four-minute continuous run at 12 km/h (Cont.), and 3) the first
four minutes of the Yo-Yo Intermittent Recovery Test Level 1 (Y-Y). Beat-to-beat heart rate was
recorded throughout each test, with average heart rate during the final 60 seconds retained for
analysis (HRex; % of maximum heart rate). We subsequently performed a consecutive pairwise
analysis of trials with magnitude-based inference.
Results and Discussion
The overall mean HRex (% points ± SD) was 84.2 (± 2.9) for IFT60, 88.0 (± 3.8) for Cont. and 83.6 (± 4.6)
for Y-Y. Test-retest typical errors (% points; ×/÷ 90% confidence interval [CI]: ~1.4) were 1.3 for IFT60
(trivial [< 1.5 % points]), 2.4 for Cont. (substantial) and 2.6 for Y-Y (substantial). Typical error was very
likely lower for IFT60 when compared with Cont. (ratio of typical errors: 0.50; ×/÷90% CI: 1.60,
probability [%] of being lower/similar/ higher: 97/3/0) and Y-Y (0.53; 1.60, 94/6/0), with no clear
difference in typical errors between Cont. and Y-Y (1.07; 1.60, 39/37/24). Test-retest interclass
correlation coefficients (±90% CI: ~0.30) were 0.83 for IFT60 (very high), 0.48 for Cont. (moderate) and
0.57 for Y-Y (high).
Conclusion
Our data suggest that the IFT60 may provide a more reliable exercise heart rate response when
compare with Cont. and Y-Y in academy rugby league players.
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USING SYSTEM ARCHETYPES TO UNDERSTAND RECURRING SYSTEMIC ISSUES IN FOOTBALL
Scott McLean - University of the Sunshine Coast, Gemma JM Read - University of the Sunshine
Coast, Paul M Salmon - University of the Sunshine Coast
Introduction
Football players, clubs, and leagues are influenced by multiple interrelated functions including match
performance, coaching, youth development, and organisational management. Systems archetypes
(SA) describe common recurring patterns of system behaviours and have been used extensively in
other domains to explain behaviour (Senge, 2006). SA look at the deeper levels of systemic structure
by identifying what creates system behaviours, which allows for appropriate interventions to target
the problem source. Each SA has a characteristic structure that facilitates understanding of a given
system problem. In football, recurring systemic issues are prevalent across multiple aspects of
football such as the coaching merry-go-round, youth development, coaching philosophy, and the
player transfer market. The aim of this first-of-a-kind study was to apply SA structures to real world
football scenarios to understand the systemic structure of these common problems, and to identify
ways to prevent or mitigate them. Viewing issues through a systemic lens can promote a shift in
focus from blame, to understanding and addressing the underlying problems (Wolstenholme, 2004).
Method
Eight commonly used SA templates were used to demonstrate the structure of system behaviours
for recurring issues in football. 1. Fixes that Fail, 2. Drifting goals, 3. Growth and underinvestment, 4.
Shifting the burden, 5. Success to the successful, 6. Tragedy of the commons, 7. Limits to success,
and 8. Escalation. Initial models representing common recurring issues in football were developed by
the research team and drew upon peer reviewed literature, expert experience, media articles, and
publicly available information. A subject matter expert (SME) workshop was conducted to achieve
consensus and refine the models using a group model building process (Berard, 2010). The six SMEs
included systems thinking experts, football researchers, and professional football coaches. The
completed SA were validated by the SMEs.
Results and Discussion
The findings show that the SA fit well in the football context, providing further evidence that a
complex system thinking approach is required when considering football performance and its
optimisation. The developed SA demonstrate specific football problem scenarios and highlight the
systemic structure contributing to the continuously occurring issues. The developed SA’s identify the
appropriate leverage points in the system to bring about the appropriate corrective actions.
A common theme which emerged across the analyses was that systemic problems often arise in
football when quick fixes are attempted. Whereas, improvements to system behaviour usually
require a delay after the implementation of the appropriate corrective action. The models
developed in the current study also provide practical templates of common problems in football that
can be used to prompt discussions around how to avoid common, but ineffective interventions and
instead make sustainable improvements across multiple aspects of football performance.
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THE WEAKEST LINK: A NOVEL USE OF NETWORK ANALYSIS FOR THE BROKEN PASSING LINKS OF
THE 2018 UEFA CHAMPIONS LEAGUE FINAL.
Scott McLean - University of the Sunshine Coast, Paul Salmon - University of the Sunshine Coast
Introduction
Understanding passing connectivity in football is a critical component of team performance
assessment. Many studies have examined successful passing via network analysis (Clemente, 201;
Grund 2012), however, no research has attempted to understand the broken passing connections as
a network in football. In many areas of science there has been a realisation that examining
unsuccessful performance is equally as powerful as examining successful performance.
Method
In a first of its kind study, we assessed teams’ unsuccessful or ‘broken passing links’ using network
analysis. The analysis was conducted on the 2018 UEFA Champions League final between Real
Madrid and Liverpool. The broken passing links were identified and subsequently analysed using
network analysis to determine team and individual network characteristics. Team level metrics of
network density and edges were calculated, and individual player metrics of Outdegree and
Indegree centrality were calculated to determine player prominence.
Results and Discussion
Eventual winners Real Madrid had a less connected broken passing links network, involving fewer
players compared to Liverpool. The analysis also shows the individual contributions of players in
terms of passers and intended recipients within the broken passing links network. The wide fullbacks
from both teams contributed the highest values of Outdegree centrality, whilst the forwards from
both teams showed the highest Indegree centrality values.
This single match case study has demonstrated proof of concept for the utility of network analysis to
analyse the broken passing networks in football. This extension to the utility of network analysis in
football could be used as a practical tool for coaches and match analysts to understand team and
opposition performance. Further research is recommended to test the method across multiple
games, levels of competition, and pitch location of the broken passing links. Furthermore, the
current analysis could advance performance analysis, not only in football but to other sports such as
netball and basketball where turn-overs of possession are critical to conceding points.
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UNDERSTANDING THE PHYSICAL CHARACTERISTICS OF ELITE FEMALE AFLW PLAYERS
Benjamin Mentiplay - La Trobe University, Andrea Bruder - La Trobe University, Andrea Mosler - La
Trobe University, David Carey - La Trobe University, Kay Crossley - La Trobe University
Introduction
The inception of the Australian Football League Women’s (AFLW) competition in 2017 resulted in
women competing at the elite level of Australian Football for the first time. The 2018 AFLW Injury
Report (1) reported differences in injury incidence between elite male and female players. A
particularly alarming statistic was that elite female Australian Football players have a 9.2 times
increased risk of ACL injuries compared to their male counterparts (6.47 ACL injuries per 1000 player
hours in the 2018 AFLW season compared with 0.70 per 1000 player hours in the 2017 AFL men’s
competition). The aim of this study was to report physical characteristics relating to lower limb
strength, endurance, range of motion, balance, and pain during adductor squeeze in elite female
Australian Football players. Secondary aims were to examine the effect of limb dominance, previous
Australian Football experience, and previous level of sports participation on these characteristics.
Methods
Eighty-five elite female football players from three AFLW clubs who were aged 18 years or older,
contracted for the 2018 season, and participating in pre-season training were included.
Demographic data were collected including limb dominance, previous football experience, and the
highest level of previous sports participation. The physical characteristic assessments included; the
adductor squeeze test, weight-bearing lunge, side bridge, isometric hip abduction and adduction
strength, and the star excursion balance test. Descriptive statistics were used to describe the
physical characteristics and linear mixed models examined the effect of demographics on the data.
Results and Discussion
The results for the dominant side were (mean±SD): 10.8±2.5cm for the weight-bearing lunge, 96±41s
for the side bridge, 1.88±0.22 and 1.86±0.38Nm/kg for hip abduction and adduction strength
respectively, and 92±8% for the star excursion balance test. The adductor squeeze had relatively low
pain scores, with 93% of players scoring ≤2. There was no effect of limb dominance, previous
Australian Football experience, or previous level of sports on the data.
Conclusions
This study reports the physical characteristics for five assessments of elite females participating in
the 2018 AFLW season. These data can be used to help understand the profile of this new and
evolving sporting cohort. The data can also be used as a comparator in the screening, prevention
and management of injuries in elite female Australian Football players.
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INJURY RISK REDUCTION STRATEGIES IN FEMALE FOOTBALL: A SYSTEMATIC REVIEW AND METAANALYSIS
Benjamin Mentiplay - La Trobe University, Adam Culvenor - La Trobe University, Andrea Mosler - La
Trobe University, Brooke Patterson - La Trobe University, Andrea Bruder - La Trobe University, Kay
Crossley - La Trobe University
Introduction
Female footballers (soccer players) have a 2.2-fold higher incidence of serious knee injuries
compared to males, regardless of participation level (Montalvo et al, 2018). With a growing number
of females playing sport, this increased injury incidence for females is of major concern. As such,
research has focused on interventions that aim to reduce injury risk in female athletes, but this
evidence has not been comprehensively synthesised. The aim of this study was to examine the effect
of injury risk reduction strategies on reducing the incidence of overall injuries in female footballers.
Secondary aims were to: (1) examine the effect on reducing the incidence of anterior cruciate
ligament (ACL) injuries; (2) explore the relationship between number of training components (e.g.
balance, strength) and injury reduction; and (3) report the injury incidence for female footballers.
Methods
This systematic review followed the PRISMA guidelines. An electronic search of nine online
databases combined terms related to female footballers, injury risk reduction strategies and
randomised controlled trials. Two reviewers independently selected studies, extracted data, and
assessed the methodological quality of included studies. Pooled overall injury incidence rate ratio
(IRR) and 95% confidence intervals (CIs) were calculated using random-effect meta-analyses. Metaregressions were used to examine the relationship between number of training components and
injury reduction.
Results and Discussion
Ten randomised controlled trials were included ranging from 43 to 4,564 participants. The majority
of studies (80%) involved adolescent females. Neuromuscular training involving multiple
components was performed in eight studies (examples included FIFA 11 and 11+, the PEP Program,
and Knäkontroll); the remaining two studies included only one training component (one was balance
training only and one was eccentric hamstring strengthening only). For overall injuries, there was a
statistically significant 26% reduction in the intervention group (IRR 0.74, 95% CI 0.59 to 0.92;
absolute reduction 1.87 vs 1.60 injuries per 1000 hours). ACL injuries of intervention groups also
significantly reduced 45% compared to control groups (IRR 0.55, 95% CI 0.32 to 0.95; absolute
reduction 0.12 vs 0.07 ACL injuries per 1000 hours). There appeared to be a small relationship
between including more training components in the intervention and a larger injury reduction effect.
The incidence of overall injury in female football (control group data) was 3.33 per 1000 exposure
hours (95% CI 3.10 to 3.58). The highest injury rate per lower limb region was ankle injuries followed
by knee, hamstring, hip/groin, and ACL injuries.
Conclusions
Injury risk reduction strategies in female football significantly reduce overall injuries by 26%
compared to control groups, and by 45% for ACL injuries. These reductions extend similar data
reported in previous reviews in males.
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RUGBY BALL IMPACT POINT ALTERS THE CO-EFFICIENT OF RESTITUTION AND BALL SPEED.
Riccardo Michelini - German Sports University, Cologne, Germany, Victoria University, James Peacock IHES, Victoria University, Melbourne, Australia, Simon Taylor - IHES, Victoria University, Melbourne,
Australia, Kevin Ball - TRACK, IHES, Victoria University, Melbourne, Australia, Victoria University
Introduction
Team performance in Rugby Union is influenced by a player’s ability to kick for a range of distances with
accuracy. Kickers can strike the ball by the foot at different impact locations – with variations being
dependent upon the needs of the kick. Given the shape of the ball, it is likely that different ball impact
positions will exhibit different coefficients of restitution. A large Coefficient of Restitution (COR) reduces
the amount of energy lost during the foot-to-ball impact and therefore assists to maximise ball speed and
kick distance. The aim of this paper is to vary the ball orientation on the tee, and observe the effect of ballcontact position and foot speed on the ball’s coefficient of restitution.
Method
A mechanical limb performed 22 kicks under two foot-speed conditions: moderate (12.3 ± 1.2 m/s) and
high (17.7 ± 0.4 m/s). A rugby ball was placed on a kick-tee in eleven orientations to effect different contact
points. Kinematic data of the ball and mechanical foot was recorded with a high-speed video camera with a
4000Hz frame rate. Four parameters were analysed: initial ball angle, initial and final foot velocity relative
to contact, and initial ball velocity after contact. A non-linear regression model was used to identify the
relationship between ball orientation and coefficient of restitution in each speed condition.
Results and Discussion
Coefficient of restitution when kicking the tip of the ball was 0.55 and 0.47 for high and moderate speeds
respectively. Continuing turning the ball counter clockwise on the tee, the COR had a reduction to 0.41 and
0.39 with at approximately 55 degrees before reaching their peak of 0.65 and 0.77 for high and moderate
speed kicks accordingly near the belly of the ball.
The COR values for rugby balls ranged from 0.47 to 0.77 and were similar to COR values reported for soccer
kicking at similar foot speeds (0.50-0.65, Andersen, Kristensen & Sorenson, 2008). However, unlike soccer
balls where COR is likely to be independent of impact position, the rugby ball COR is dependent upon
impact location. Values indicated that contacting the ball near its belly provides the highest COR: this
results in a reduced loss of energy through impact, and a higher resultant ball speed. The obvious trade-off
is how this impact location affects ball flight and spin. A torpedo, or spiral kick, is struck at an impact
location near the belly and so will benefit from this greater COR. In contrast, the backspin of a drop-punt
can be successfully executed with a range of impact locations between the belly and end-tip of the ball, but
from the results of this study, the best impact position for distance would be nearest to the belly of the ball
Conclusions
This study explored COR for different impact positions for rugby balls. The COR differed depending on the
impact point. The COR values were highest at the belly of the ball and COP reduced in a non-linear trend as
the impact position moved away from the belly. These factors can be manipulated during kicking to alter
ball speed and kick distance.
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TRAINING LOAD AND SUBMAXIMAL HEART RATE RESPONSES THROUGHOUT A COMPETITIVE
PERIOD IN A TOP-LEVEL MALE FOOTBALL TEAM
Magni Mohr - University of the Faroe Islands, Vincenzo Rago - University of Porto, Peter Krustrup University of Southern Denmark
Introduction
Measurements of training and match load is essential for planning of training in top-class football. The
scientific observations of physical loading in football has grown markedly during the last two decades,
however, data from the highest level of competition is warranted. Thus, the purpose of the present
study was to determine the relationship between training load and cardiorespiratory adaptations in
professional football players.
Methods
17 professional male football players, competing in the Spanish 1st league (LaLiga) were monitored
throughout a three-month competitive period. Cardiorespiratory fitness was evaluated using the heart
rate response to the submaximal Yo-Yo intermittent recovery test level 1 (Yo-Yo IR1SUB) in four
periods as follows: first (E1)—early February; second (E2)—early March; third (E3)—early April; and
fourth (E4)—early May. Eight training load parameters were quantified using 10-Hz global positioning
system and radio telemetry (n= 837 individual training sessions), whereas match load was quantified
using semi-automated cameras (n= 216 individual match observations).
Results
Repeated-measures analysis of variance revealed that cardiorespiratory fitness improved as the
season progressed (P< 0.05; ES= 0.8 to 1.0). Cumulative total distance covered during training sessions
between E1 and E4 was negatively correlated with percentage of changes in mean HR during the last
30 sec of the Yo-Yo IR1SUB (P= 0.049; r= -0.47 [-0.71; -0.14]). HR during the last 30 s of the Yo-Yo
IR1SUB was negatively correlated to total distance covered during the match (P= 0.024; r= -0.56 [-0.80;
-0.17]; n= 16).
Conclusions
The Yo-Yo IRSUB can be used to monitor seasonal changes in cardiorespiratory fitness in top-class
players, without the need for having players to work until the exhaustion. Cardiorespiratory fitness
given by the mean HR during the last 30 s of the test seems meaningful in relation to match
performance, given the relationship with total distance covered during competitive matches.
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THE DEVELOPMENT AND TESTING OF GROWTH-FOCUSED SPORTS COACHING (G-FSC); AN ONLINE
COACH EDUCATION PROGRAM.
Lara Mossman - La Trobe University, Melbourne, Australia
Introduction
Research has demonstrated the significant influence coaches have on youth athletes’ motivation and
wellbeing . Autonomy supportive (Mageau & Vallerand, 2003) task-focused (Newton, Duda, & Yin,
2000) coaching is found to be more positive, whereas controlling (Bartholomew, Ntoumanis, Ryan, &
Thøpersen-Ntoumani, 2011) ego-focused coaching (Newton et al., 2000) is found be more negative.
Given this, researchers have looked at training coaches to adopt more adaptive coaching styles. Faceto-face programs have been shown to be effective (Duda & Appleton, 2016). However, they can be
costly and not available in all locations. The current research, therefore, looked at developing an
online training program for youth coaches.
Methods
The first phase of the current study was to develop the online Growth-Focused Sports Coaching (GFSC) program. Expert football coaches were interviewed along with a teacher, academic, and sports
psychologist. Four 30-minute videos were developed from these interviews that focused on dialling up
autonomy-supportive, task-focused coaching behaviours and dialling down controlling, ego-focused
coaching behaviours. Supplementary training materials were also included.
The second phase of the program sought to test the effectiveness of the G-FSC program. Coach
participants (n=7, female=2, male=5) were recruited to undertake the training. Their teams and
assistant coaches were also invited to participate in the research. Pre- and post-measures were taken
from all participants.
Results and Discussion
This presentation predominantly focusses on the development phase of the research as the analysis of
the second-phase data is still underway. Early findings using thematic analysis are that coaches were
keen to hear content from expert soccer coaches. There were mixed responses to the appropriate
length of the training videos. Additional optional resources provided on the website were explored by
the coaches. Coaches indicated that they did apply what they had learnt to their coaching.
Conclusions
The development and testing of the G-FSC online training program has shown that coaches are open
to online psychological training and that they are keen to learn from other coaches.
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Introduction
Rugby union players often present with different body shapes (Quarrie et al. 1996). Adolescents of the
same biological age may also have different injury risks due to development changes during maturity
(Caine et al. 2014). This investigation assessed anthropometrics and somatotypes (endo-meso-ecto) in
adolescent rugby union players and determined the profile of players who may be asked to ‘play up’.
Methods
Three Level 1 ISAK practitioners determined height (HT), weight (WT), 8 skinfolds, 5 girths and 2 bone
breadths (ISAK restricted profile methods) and maturity offset (MO) in 57 U13-15 community rugby
players from 5 teams. N=16 U13 (7 backs, 9 forwards, 13.02±0.28 years), n=14 U14 (9 backs, 5
forward,13.79±0.16 years), and n=27 U15 (14 backs, 13 forwards, 14.48±0.38 years) were assessed.
ANOVA and Tukey’s post hoc tests (RStudio) and effect sizes (ES) ±90% confidence intervals were
calculated for group mean initially and then 75th percentiles of each age group against the mean of
the age group above.
Results and Discussion
At the 75th percentile mean ± CI HT 169.5±1.04cm, 169.2±1.19cm and 175.9±2.44cm; WT 65.6±9.8kg,
60.38±9.8kg and 85.88±12.7kg; MO of 0.06±0.29, 0.44±0.09, and 1.44±0.36; and endo-meso-ecto
ratings 4.35-5.73-4.40, 3.83-5.35-4.48, and 6.13-6.53-4.27 were observed across U13-U15 respectively.
Compared to the mean of the U14 playing group, U13’s were larger and more mature than U14’s with
large ES differences observed in HT (1.21±0.49), WT (1.31±0.71), and MO (1.22±0.69) (p<0.05).
Conversely, U14’s were smaller and less mature than U15’s with moderate ES differences observed in
HT (0.44±0.41), small ES differences in WT (0.08±0.63) and large ES and significance (p<0.05) MO
(0.81±0.37) differences observed.
Conclusion
In this investigation differences were observed in estimated maturity offset of U14-U15 community
rugby players. This raises issues for coaching staff when considering the on-field position of these
players and potential injury due to inexperience with technical skills. The higher force collisions in
training and competition in an older age group may increase the injury risk to these predisposed
players at a period when their bone density may be compromised and muscular/tendon stiffness
greater than normal (Caine et al. 2014). Further investigation is required given the small sample size
and mismatch of positions.
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ACTION RESEARCH: PREPARING MALTESE FOOTBALLERS FOR MIGRATORY BASED TRANSITIONS
Dr Adele Muscat - National Sport School Malta; Malta Football Association; Liverpool John Moores
University, Dr Martin Littlewood - Liverpool John Moores University, Dr Mark Nesti - Liverpool John
Moores University, Prof Dave Richardson - Liverpool John Moores University
Introduction
Drawing on transition frameworks and contemporary literature the research adopted an action
research methodology to examine the psycho-social and cultural challenges that young Maltese
football players experienced within migratory based transitions. The author adopted the role of
practitioner-researcher to understand, plan and support key stakeholders during the transition
process.
Method
Specifically, Study One (Reconnaissance Phase) examined the challenges experienced by Maltese
footballers that had migrated to European professional football. Individual semi-structured
interviews were conducted with 12 male Maltese players who had experienced migration to a
foreign club. Study Two (Reconnaissance Phase) utilised a focus group methodology with parents of
players from the Maltese Football Association (MFA) Academy, parents of young players that had
experienced migration, head coaches from top Maltese nurseries, and coaches from the Malta
National Sports School (NSS) and MFA. Findings of Study One were disseminated to facilitate
reflection, discussion and to identify issues that required consideration in order to better prepare
young players for future migratory based transitions. In Study Three (Action Planning) findings of
Study One and Two were disseminated with the Headmaster of the NSS, and parent representatives
of the school as well as the Technical Director of the MFA.
Results and Discussion
Results from Study One evidenced that players experienced homesickness and lacked psycho-social
knowledge and skills for an effective transition. Players also experienced culturally based challenges.
The findings are framed around a unique and deeply embedded Maltese cultural identity. Thus, a
number of change strategies were developed to improve the school as well as the MFA’s programme
of preparation for student-athletes who may migrate to foreign clubs. The Implementation and
Monitoring phases focused on applying the action strategies agreed. These were; (i) to experience
migration and independent living, this also included an Erasmus + funded project (ii) psycho-social
and cultural support and development of young players, and (iii) parental education. Regular
evaluation of change strategy activities evidenced positive change and also continued to enhance
the efficacy of the strategies being implemented.
Conclusion
Young players who have migrated overseas over the past years and who had engaged in a
programme of preparation have coped well with the challenges they have faced.
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EFFECT OF COMPETITIVE LEVEL ON THE DEFENDER'S PLAY IN SOCCER
Kiyoshi Naito - University of Tsukuba, Masao Nakayama - University of Tsukuba, Sungchan Hong University of Tsukuba, Masaaki Koido - University of Tsukuba, Yusuke Hirashima - University of
Tsukuba, Kensuke Suzuki - University of Tsukuba, Takeshi Asai - University of Tsukuba
Introduction
Studies in soccer using GPS (Bloomfield et al., 2007) show that factors like the distance run and
number of high-speed sprints, which focus on physical fitness, are important elements of the game.
Physical fitness is an indispensable requirement for soccer players. However, with soccer being a sport
in which 22 players are present on the field, the relationship between team mates and opponents is of
great significance. The aim of this research was to examine the influence of the difference in the
competitive level of the players in possession of the ball on the performance of the defender.
Method
Based on the ranking that was chosen by football leaders and chosen by multiple leaders who are
regularly teaching this team, six high-ranking players and six low-ranking players were selected from
the football club, Three defenders were chosen from the same team. The task was a ball possession
challenge for 6 against 3 players and was conducted in 3 rounds of 2 minutes’ duration each. The
players were fitted with GPS, and the movement data (Moving distance, maximum speed, average
speed, acceleration, deceleration) during each task was recorded.
Results and Discussion
The average distance run by the high-ranking group when holding the ball was 219.0 m, while this
distance was significantly greater for the low-ranking group at 288.3 m (p < .05). The low ranking
group also had a much larger average speed of 8.0 km/h, compared to that of the high ranking group
(6.1 km/h; p < .05). The high ranking group changed speeds 7.7 times when holding the ball, and the
low ranking group changed speeds 13.0 times, showing that the frequency of changing speeds was
much higher in the low ranking group (p < .05). The defender is assumed to accelerate or decelerate
his speed depending on the possibility of obtaining the ball from the opponent. As the chances of
seizing the ball from a high ranking player was not expected to be high, the defender’s frequency of
changing his speed and average speed was rather low. This suggests that players of a higher ranking
level use tactical and technical elements to restrain the opponent from exhibiting physical strength,
thus playing a dominant role in the game.
Conclusions
The comparison of the defending performance of the high and low ranking groups showed that the
average distance run, the average speed, and the frequency of changing speeds were all significantly
higher in the low ranking group.
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THE INFLUENCE OF SITUATIONAL FACTORS ON SHOOTING IN FOOTBALL
Masao Nakayama - University of Tsukuba, Yusuke Hirashima - University of Tsukuba, Kensuke Suzuki
- University of Tsukuba, Masaki Koido - University of Tsukuba, Takeshi Asai - University of Tsukuba
Introduction
Situational factors influencing shooting in football are not well understood. The aim of this study was
to examine situational factors by comparing scored shots and not-scored shots.
Methods
1,106 shots at goal (121 scored, 985 not-scored) in the 2014 FIFA World Cup were sampled. Twelve
items were measured as situational factors including: whether or not defenders are present in the line
of shot ; whether or not defenders are present against the shooter (defender (DF) in close, DF in front,
other DF); number of DF sandwiching the shooter; number of players in front (own team members,
opponent team members, own team members + opponent team members, own team members opponent team members); distance from goal; time between when attack starts and the shooter
receives the ball; and direction of the pass came.
The statistics were noted by comparing the outcomes (scored or not-scored) of the shot for each item,
using the x2-test for the five category variables and an independent t-test was used to compare the
seven continuous variables.
Results and Discussion
There were no significant differences for the ratios for whether or not DF are present in close and the
direction of the pass. In addition, when comparing the average value of the scored shots and notscored shots, the values were significantly lower (p<.05) for the scored shots for distance from the
goal, number of DF sandwiching the shooter, number of own team members in front, number of
opponent team members in front, and the total number of players in front. The number of own team
members - opponent team members did not show any significant difference.
These results suggest that it may be more difficult to score a goal if DF are restricting the shooting
course by standing in front or at the sides of the shooter, rather than being in close. Furthermore, it
may be easier to score a goal if there are fewer players including opponents in front, rather than
having more team members close by.
Conclusion
We found that some situational factors are related to the scored shots. Further work needs to expand
this statistical analysis to perform multivariate analysis to clarify the main factors that affect shooting
in football.
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CHANGES IN MENTAL FATIGUE DURING A SEASON IN PROFESSIONAL UNDER-23 SOCCER PLAYERS
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Introduction
The acute impact of mental fatigue on soccer-specific performance has been investigated. However,
no research to date has tracked transient changes in mental fatigue across a season in soccer players.
Therefore, the aim of this study was to assess changes in mental fatigue during a season.
Methods
Ten outfield players competing in the English Premier League 2 who played >45% of matches across a
season completed a self-reported questionnaire on match-day (MD), MD+1, MD+2 and MD+3. One
question was “How mentally fatigued do you feel?” with a 100 mm visual analogue scale anchored
with ‘Not at all’ and ‘Extremely’. Repeated measures analysis of variance were used to assess changes
in mental fatigue on each of the aforementioned days across the season, including between the early-,
mid-, and late-season phase. Furthermore, the effect of match outcome and days off on mental
fatigue was analysed.
Results and Discussion
Mental fatigue increased at MD+1 (44±5 mm, p≤0.0005) and MD+2 (33±4 mm, p≤0.0005) versus MD
(27±3 mm). However, this had resolved at MD+3 (29±3 mm, p=0.115). There were no changes in
mental fatigue on MD between the early- (27±4 mm), mid- (27±4 mm), or late-season phases (26±4
mm; p = 0.843). However, players reported lower mental fatigue on MD+1 in the late-season phase
(34±3 mm) compared to both the early- (51±11 mm, p = 0.001) and mid-season (47±2 mm, p ≤
0.0005). Players reported greater mental fatigue on MD+1 (52±5 mm, p≤0.0005) and MD+2 (40±9 mm,
p=0.001) following a loss compared to a win (37±3 mm and 30 ± 4 mm, respectively), and on MD+2
when compared to a draw (30±6 mm, p = 0.002). Players also reported greater mental fatigue on
MD+1 following a draw (51±12 mm, p = 0.002) compared to a win. This may explain the difference in
mental fatigue between the three season phases on MD+1 as 81% of losses came in the early- and
mid-season phases. Players had greater mental fatigue on MD+1 and MD+2 when they had two days
off (58±11 and 42±9 mm, respectively) compared to one day off (38±2 mm, p ≤0.0005 and 31±5 mm,
p=0.011, respectively). No differences were observed on MD+3 (p=0.866).
Conclusions
Changes in mental fatigue across a season may be related to team performance and match outcome
as opposed to accumulation of matches played. Our data suggests mental fatigue is greater when
players have more time off following matches. This seems counter-intuitive but may be reflective of
staff recognising when players need more time off.
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USING EXPECTED POINTS TO EVALUATE DECISION MAKING IN NATIONAL RUGBY LEAGUE
Robert Nguyen - University of NSW, Sydney, Australia, David Warton - University of NSW, Sydney,
Australia, Joshua Stein - NRL, James Chiswell - NRL
Introduction
To develop an expected point value model for rugby league and use it to inform decision-making
and to value players decision making in game. This can be used informing playing strategy of teams
and assessing individual performance in professional rugby league (Kempton et al., 2016).
Method
Play-by-play data were taken from all regular-season National Rugby League (NRL) matches during
2016-2018 season. A generalised additive model estimates the expected point outcome at a player
level in a possession given a tackle count. We use as covariates the (x,y) coordinates and event level
data. The equity of the player’s team before and after the tackle then informs the contribution of
the player and event to the team’s expected points. We show by example how this technique can be
used to objectively rate players by position and to inform decision-making and strategy.
Results and Discussion
We estimated our expected points model and used it to rank players in terms of offensive and
defensive capability and studied the consequences of different defensive line speeds in terms of
expected points. Teams can use the expected points as a common currency to evaluate game
decisions such as line speed, switches and the speed of playing the ball.
Conclusions
Expected points models are relatively straightforward to construct, given event data, and provide a
common currency that can be used at a team or player level for tactical and recruitment purposes.
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Introduction
National team practitioners have previously identified congested match schedules, reduced recovery
periods and accumulated fatigue as important risk factors for non-contact injury (McCall et al., 2015).
To monitor these perceived risk factors, customised psychometric tools are often used to help assess
players acute wellness response to training and competition load (McCall et al., 2015). However,
within national team contexts, evidence of international players wellness response to tournament
match-play is sparse. Thus, this study aims to describe the acute wellness response of international
footballers during congested and non-congested microcycles within multiple international
tournaments.
Methods
Internal load (s-RPE) and perceived wellness ratings (fatigue, muscle soreness, psychological status,
sleep quality, and sleep duration) were collected from 31 international footballers during 2 recent
tournaments. Individual data profiles were categorised into 4 different match-to-match microcycles:
acute congestion (AC, ≤3-4 days between two matches), non-congestion (NC, >5 days between two
matches), single-match (SM), and no-match (NM) microcycles. 2-way mixed-design ANOVAs with
follow-up tests (multiple 1-way ANOVAs) were used to determine differences in the 48h post-match
wellness response after each matchday (MD1, MD1+1, MD1+2, MD2, MD2+1, and MD2+2). The
magnitude of these differences were reported as Cohen’s d effect sizes.
Results and Discussion
A significant interaction effect between microcycle group and time was evident for internal load
(p<0.001), total wellness, (p<0.001), perceived fatigue (p<0.001), muscle soreness (p<0.001) and sleep
quality (p=0.001). In response to significantly higher match loads (ES range = 10.28 to 17.23) for both
AC and NC microcycles, moderate-to-large (ES range= –1.03 to –1.71) impairments in total wellness,
perceived fatigue, and muscle soreness were identified on MD1+1 when compared to NM. Similarly,
very-large-to-large (ES range = –1.46 to –2.66) impairments in these wellness measures were also
found on MD2+1 for both AC and NC microcycles, when compared to SM and NM. No differences in
psychological status and sleep duration were identified between the microcycle groups.
Conclusion
National team footballers (within this team) displayed similar internal load and wellness profiles
between AC and NC microcycles, but differed significantly when compared to SM and NM microcycles.
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WORLD-CLASS SOCCER PLAYERS’ VISUAL EXPLORATORY BEHAVIOUR AND PERFORMANCE IN UEFA
CHAMPIONS LEAGUE. A CLOSE-UP VIDEO ANALYSIS OF RONALDO, MESSI, ZLATAN, MODRIC,
INIESTA, XAVI, GERRARD AND RAKITIC.
Geir Jordet - Norwegian School of Sport Sciences, Daniel Nordheim Pedersen - Norwegian School of
Sport Sciences
Introduction
Several studies have shown that expert football (soccer) players are better in anticipation, pattern
recall and decision making (perceptual-cognitive skills) than novices, but the relationship between
these tests and the one-field performance remains unclear. In this study, we examined how worldclass football players used visual exploratory behaviour (VEB) to “scan” the environment, and the
relationship between VEB and performance in matches.
Method
A real-world field study was conducted and Gibson’s (1979) ecological approach to visual perception
was used as conceptual framework. The relationship between VEB and performance, VEB and various
situational characteristics, and the players’ timing of each VEB were examined. Eight world-class
midfield and forward players (M = 31.5 years, SD = 3.25) were filmed “close-up” in five matches of the
2014/2015 UEFA Champions League group stage (M = 56.13 minutes, SD = 40.36). These footages
were edited together with the official UEFA match broadcast, creating a split screen video for further
examination of a total of 269 situations and 851 visual exploratory behaviours.
Results and Discussion
Results suggests a positive relationship between VEB prior to receiving the ball and performance,
where players are more successful in their forward actions and complete more penetrating forward
passes when exploring more compared to when exploring less. The results indicate that more visual
explorations result in a more frequent spatial-temporal update of the affordances (opportunities) in
the upcoming event, enabling the players to prospectively control further actions with higher success
rates. Finally, the players’ timing of each search suggests that they initiate significantly more searches
than expected in the immediate moment after a teammates touch. The result indicates that the
players have a specific VEB pattern, where some ball positions are more beneficial to engage in VEB
than others.
Conclusion
In conclusion, this study suggests a positive relationship between VEB and performance in football. In
addition, a VEB timing pattern is proposed. The development of visual exploratory behaviour should
be highly emphasised in football players’ daily training, and the different practice sessions should be
developed with the purpose of triggering the right timing of the players visual exploratory behaviour.
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INFLUENCE OF PHYSICAL QUALITIES UPON SEASONAL TRENDS IN DYNAMIC AND ISOMETRIC MEASURES
OF NEUROMUSCULAR FATIGUE
Dean Norris - Western Sydney University; GWS Giants, Jason Siegler - Western Sydney University, David
Joyce - GWS Giants, Daniel Cohen, Ric Lovell - Western Sydney University
Introduction
Seasonal monitoring of neuromuscular function (NF) is now frequent practice in elite team-sport settings.
While seasonal trends of NF have been previously examined, little evidence assessing the potential
moderating influence of physical qualities on these trends is available. Moreover, the impact of physical
qualities (PQ) on NF assessments is likely to vary over time. Therefore, the aim of this study was to assess
the influence of PQ on seasonal trends in both dynamic and isometric measures of NF.
Methods
Dynamic (CMJ; Peak Power, Jump Height, flight:contraction time ratio, eccentric duration) and Isometric
(Mid-thigh pull [IMTP]; rate of force development [RFD] 0-100, RFD 0-200, RFD 100-200 & Peak Force•kg)
NF measures were collected from 32 elite-level Australian Rules Football players (seasons played:4±3) 72
hours post-match play (7±2 collections) over a season of the national competition (AFL). PQ indices of
aerobic capacity (30:15; MAS [20.6 ± 1.0 km•h-1]), muscular strength (IMTP; peak force [40±4.3 N•kg])
and dynamic power (CMJ; peak power [59±5.2 N•kg]) were collected prior to start of the season and
included as time varying covariates into linear mixed effects models. The impact of PQ was assessed by
information criterion and likelihood ratio tests.
Results
Univariate analysis revealed a significant negative trend of both RFD 0-100 (-80.7, CI: -123.6 to -37.3,
p<0.004, seasonal effect: d= -0.94) and RFD 0-200 (-45.5, CI: -77.2 to -14.34, p<0.02, seasonal effect d= 0.77) over an AFL season, with no significant univariate trends observed on IMTP peak force or any CMJ
measures. An interaction effect of baseline IMTP strength was observed for seasonal peak force trends
(X2(1) = 5.91, p < 0.015), with lower baseline strength associated with greater seasonal improvement.
Conclusions
Rate characteristics from isometric NF assessments demonstrated reductions across the season, which
may be indicative of accumulated fatigue. There was no systemic influence of physical qualities upon
seasonal trends of NF, although weaker players in pre-season showed longitudinal strength gains. Rate
characteristics derived from standardised isometric assessments may be more sensitive to seasonal NF,
but further research is warranted to examine the impact of load upon NF.
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DO PHYSICAL QUALITIES HAVE A MODERATING INFLUENCE ON THE LOAD-FATIGUE RESPONSE?
Dean Norris - Western Sydney University; GWS Giants, Jason Siegler - Western Sydney University, David
Joyce - GWS Giants, Daniel Cohen, Ric Lovell - Western Sydney University
Introduction
A key component of monitoring neuromuscular function (NF) in elite sport settings, is to gain insight into
how an athlete may be responding to a given external load, which may inform subsequent training
decisions. The moderating impact of physical qualities (PQ) on this relationship may also be of interest
given their potentially modifiable nature. To date however, limited longitudinal studies exist assessing the
impact of PQ on NF responses to external load.
Methods
32 national competition Australian Rules Football (ARF) players NF was assessed in both isometric
(isometric mid-thigh pull [IMTP]) and dynamic conditions (counter-movement jump [CMJ]) 72 hours after
competitive match-play (7±2 collections). Neuromuscular responses (peak and rate characteristics) to
standardised external load measures collected during matches (GPS; Total Distance, high-speed running
[HSR; ≥17.0 km·h-1], sprinting [SPR; ≥23.0 km·h-1] & Load [Average Speed * duration]) were assessed
using linear mixed effect models. Physical qualities of lower body muscular strength (IMTP; relative peak
force [N•kg]), aerobic capacity (maximal aerobic speed) and dynamic lower body power (CMJ Peak
Power) assessed in pre-season were then incorporated as interaction terms, with the significance of their
inclusion assessed via information criterion and likelihood ratio test.
Results and Discussion
No practically meaningful effects were observed with any univariate neuromuscular responses to match
load measures. Pre-season lower-body power and strength had a moderating influence upon NF
responses to SPR, with higher baseline levels associated with enhanced NF recovery (CMJ height & IMTP
peak force) following higher standardised SPR loads. Lower pre-season strength also influenced IMTP
peak force responses to total distance, with lower baseline strength responding negatively to increasing
total distance in matches. Inclusion of physical qualities did not reveal interaction effects on NF rate
characteristic responses to match-play external load.
Conclusion
There were no meaningful relationships between NF peak and rate characteristics collected 72 h post ARF
matches, versus match-play external loads. While no systemic moderating influence of PQ were
observed, enhanced levels of lower body strength in particular may positively influence an athlete’s NF
response to a range of match-play load fluctuations.
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HEART RATE AND ENERGY EXPENDITURE IN NCAA DIVISION I WOMEN’S SOCCER PLAYERS ACROSS
TWO COMPETITIVE SEASONS.
Shane O'Riordan - Central Michigan University/Australian Institute of Sport, Gavin Connolly - Central
Michigan University, Tomas Barrett - Central Michigan University, Emmi Lawless - Central Michigan
University, Mikaela Gabler - Central Michigan University, Paul O'Connor - Central Michigan University
Introduction
The use of monitoring systems to determine metabolic and physiological requirements in sports is
increasing in popularity,1,2 with little information existing on these needs during NCAA Division I
women’s soccer. Knowledge of heart rate and energy expenditure required to play at this level could
aid coaches in designing sport specific training. The purpose of this project was to measure heart rate
and energy expenditure in collegiate soccer players during two competitive seasons.
Methods
17 female soccer players (19.2 ± 1.4 yrs, 167.1 ± 5.3 cm, 62.7 ± 5.5 kg) from the same NCAA Division I
women’s soccer team wore heart rate monitors (Heart Rate Sensor H1, Polar Electro) integrated with
GPS units (SPI HPU, GPSports) during 22 competitive matches. Units have previously been shown to
provide valid and reliable data in soccer.3 Players were included based on playing time (> 60%). Peak
exercise heart rate (PExHR), average heart rate (AvHR), average heart rate as a percentage of max
heart rate (AvHR%) was measured from heart rate monitors, with energy expenditure (EE) calculated
from GPS data.4,5 Positional differences between centre-backs (CB; n = 4), fullbacks (FB; n = 4),
midfielders (MF; n = 7) and forwards (FW; n = 5) were also assessed. Data was analysed using one-way
ANOVA, with significance set at p ≤ 0.05.
Results
Significant differences (p ≤ 0.05) were observed across positions for all parameters measured. CB
PExHR (bpm) was significantly less than FB and FW. MF PExHR was significantly less than FB, with FW
PExHR significantly higher compared to all groups. AvHR (bpm) for CB was significantly lower
compared to all groups. FW AvHR was also significantly higher compared to all groups. Similar to
AvHR, CB AvHR% was significantly lower compared to all groups. MF AvHR% was significantly less than
FW. EE (kJ.kg.min-1) for CB was significantly lower compared to all groups. FB also expended
significantly less energy than FW.
Conclusions
Results measured over two competitive seasons identified positional differences for metabolic and
physiological demands required to play NCAA DI women’s soccer. This improved understanding of the
demands of NCAA DI women’s soccer will help provide coaches with a framework for designing and
prescribing sport specific training. Findings from this study could be used to ensure training intensities
mimic those of a game, with potential for positon specific sessions as differences across positions were
observed.
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MUSCLE INJURIES IN JAPANESE COLLEGIATE RUGBY UNION PLAYERS
Ryo Ogaki - Teikyo Heisei University, Gento Otake - University of Tsukuba, Satoko Nakane - Ibaraki
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Introduction
There is a high incidence of muscle injury in the rugby union (Brooks et al., 2006). Moreover, muscle
strain was one of the most common injuries in the Rugby World Cup 2015 (Fuller et al., 2017). This
study aimed to analyse the epidemiological data on muscle injuries in Japanese collegiate rugby
union players.
Methods
This longitudinal injury surveillance study included 113 collegiate rugby union players (age: 19.5 ±
1.3 years, height: 175.2 ± 6.5 cm, weight: 85.0 ± 11.7 kg) from a university club, who usually trained
together for the All Japan University Championship. The occurrence of muscle injuries was recorded
by the team’s athletic trainers between December 2016 and October 2018 (23 months). All injured
players were clinically diagnosed by team medical doctors, and muscle injuries were assumed to be
time-loss injuries.
Results and Discussion
Overall, 53,700.3 hours (match: 1,610.5 hours; training: 52,089.8 hours) of exposure time was
recorded over the 23- month period, during which 81 muscle injuries occurred (match: 41, training:
40). The incidence of injury was significantly higher during matches (25.5 injuries/1000 player-hours
(1000 ph); 95% CI: 17.6–33.2) than during training (0.8 injuries/1000 ph; 95% CI: 0.5–1.0). The most
commonly injured site was the thigh (55 injuries, 67.9%), and the most common muscle injury types
were muscle strain/spasm (63 injuries, 77.8%), muscle contusion (13 injuries, 16.0%), and tendinitis
(5 injuries, 27.8%); furthermore, 75% of all recurrence injuries were muscle strain/spasm injuries.
Muscle strain/spasm injuries not only occurred during sprinting, but also occurred frequently during
handling, step, tracking, and contact play. Abrupt changes in posture due to the movement of the
opponent and changing path of the ball are common in rugby and may act for inciting event as an
external factor in the development of muscle injuries.
Conclusion
Muscle injuries are common in rugby; therefore, the prevention, treatment, and rehabilitation of
these injuries is important, particularly muscle strain/spasm injuries. For the prevention of initial and
recurrence injuries, both internal and external factors must be considered.
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PERFORMANCE RELATED FEEDBACK IN ELITE ENGLISH SOCCER
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Introduction
It is accepted that feedback can have a positive influence on soccer performance (e.g. skill acquisition).
However, it is currently not well understood how feedback is transferred within elite soccer between
key stakeholders (i.e. coaches, players & performance staff) & its role within important decisions (e.g.
player selection/return to play). The aim of the present study is to explore the current landscape of
feedback strategies used within elite soccer in England.
Methods
An anonymous online survey was distributed with open & closed questions to three groups; Coaches
(C), Players (Pl) & Performance Staff (Ps) in the top four tiers of English Football. Participants were
recruited through social media & subsequent snowballing. The survey consisted of 2 sections (1)
background information (e.g. job role, league/academy status, experience); (2) providing/receiving
feedback from key stakeholders (e.g. from C to Pl) and examining frequency, type (i.e. verbal, visual,
written), timing and location. Summary statistics (i.e. % values) and representative quotes are
provided to illustrate survey data, which is consistent with Francis & Jones (2014) who adopted a
similar methodology to evaluate player perceptions of performance analysis.
Results and Discussion
Data was collected from 121 participants (C=28; Pl=38; Ps=55) & identifying characteristics removed.
Daily verbal feedback such as conversations & informal chats are highly prevalent between the three
groups (>74% of C&Ps), indicating the importance of communication & interpersonal skills when
delivering feedback. Technical feedback such as instructions (91%) & demonstrations (82%) are given
to Pl by C daily & are a basis upon which Pl can enhance learning & improve performance. 76% of C
use weekly video meetings as a form of augmented feedback to provide players with the opportunity
to critically reflect on performance & facilitate learning (Groom et al. 2011). Furthermore, feedback is
given extremely often (i.e. before, during, after training & matches) daily & weekly. Particularly by C;
>75% reported that they gave feedback at all of these times.
Conclusions
The high volume & different types of feedback that are given in elite soccer present numerous
opportunities where performance/development of the players could be optimised. Further research is
needed to understand the pathways/mechanisms to effective feedback that may influence important
decisions.
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PLAYER, COACH, AND PARENT PERSPECTIVES OF A PLAYER EVALUATION SYSTEM WITHIN AN ELITE
YOUTH SOCCER ACADEMY
Kasey Paradis - University of Sydney, Donna O'Connor - University of Sydney, Paul Larkin - University
of Victoria
Introduction
When assessing the development of elite youth soccer players, talent development environments
coaches create must provide individualised and ongoing development through individual goal setting
and review processes (1). This process enables player ownership, autonomy, and self-motivation for
their own development (1). Although evaluation tools such as performance profiling have been
examined, further research is required to gain a comprehensive understanding of holistic performance
evaluations from the perspectives of those subjected to the system. The aim of this study was to
examine the implementation of a player evaluation system in an elite youth soccer academy, and
determine its benefits, challenges, and limitations from a player, coach and parent perspective.
Methods
Male players (n = 12, Mean Age = 15.56, S.D. = 1.51), coaches (n = 8), and parents (n = 20) of the elite
youth soccer academy participated in semi-structured interviews and focus groups (interview time
Mean = 30.3 min, S.D. = 6.8). Participants provided their perspective of the player evaluation system
used by the academy, including: specific aspects of the system; how it influenced their communication;
level of engagement; and the effectiveness of the system. All interviews and focus groups were
transcribed verbatim, and analysed through NVivo to identify higher order themes.
Results and Discussion
Main themes which emerged from all stakeholders included player driven development, ownership,
goal-setting, honesty, communication, transparency, and trust. All participants agreed on the positive
impact of player ownership on their development, such as goal-setting, and leading the player-coachparent meeting. All participants highlighted the benefits of transparent and honest communication,
with parents appreciating the opportunity to receive clarity from coaches. Each stakeholder had
differing perspectives on which stage of the season player reports should be distributed and when
player-coach-parent meetings should be conducted.
Conclusion
For a player evaluation system to be effective, all stakeholders must ensure the system is playercentred with players taking ownership on goal-setting, feedback, and dictating the player-coach-parent
meeting.
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WORSE FUNCTIONAL PERFORMANCE 1-YEAR AFTER ACL RECONSTRUCTION INCREASES RISK OF
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Introduction
Many non-elite footballer players fail to return to pre-injury level of sport following ACL reconstruction
(ACLR). Additionally, poor patient-reported outcomes including impaired quality of life (QoL), and earlyonset osteoarthritis (OA) are common. Failure to meet functional performance criteria increases risk of
reinjury. However, the implications of impaired functional performance on worsening knee OA features
(development and/or progression) and patient-reported outcomes are not well known.
The aim of this study was to determine if functional performance 1-year post-ACLR is associated with
increased risk of worsening OA features and/or poorer patient-reported outcomes at 5-years.
Methods
Seventy-eight participants (48 men, 30 women) aged 28±15 years completed a functional performance
test battery reflective of common return to sport criteria (three hop tests and one-leg rise) 1-year postACLR. 72 (92%) participated in level 1 or 2 sports (70% were football) pre-injury. At 1- and 5-years postACLR, 3T MRI, Knee injury OA Outcome Score (KOOS) and International Knee Documentation Committee
(IKDC) were completed. Primary outcomes at 5-years were: i) worsening cartilage, bone marrow and
meniscus lesions); ii) KOOS and IKDC scores. Associations of functional performance with worsening MRIOA features and 5-year patient-reported outcomes were evaluated using multivariate regression.
Results
Between-limb asymmetry (≤90% limb symmetry index (LSI)) on the functional performance battery 1-year
post-ACLR was associated with 3.67 times greater risk of worsening patellofemoral BMLs (risk ratio (RR)
3.67; 95%CI: 1.29, 12.22). Evaluating the individual battery items, ≤90% LSI in the single-hop and one-leg
rise was significantly associated with worsening patellofemoral BMLs, respectively. An LSI ≤90% on the
triple-crossover hop was associated with 2.06 times greater risk of worsening patellofemoral cartilage
lesions (RR 2.06; 95% CI: 1.14, 3.70). An LSI ≤90% on the side-hop significantly higher (average 8 points)
KOOS-QoL scores. No other significant relationships were observed.
Conclusion
Between-limb asymmetry 1-year post-ACLR may increase the risk of worsening patellofemoral cartilage
and bone marrow lesions. Considering previously established links between patellofemoral OA features
and clinical outcomes (i.e. pain), improving limb symmetry post-ACLR may be important to help reduce
the burden of an ACLR on the athlete.
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PASSING AND TACKLING QUALITIES DISCRIMINATE DEVELOPMENTAL LEVEL IN A RUGBY LEAGUE
TALENT PATHWAY
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James Cook University, Queensland, Carl Woods - Football Department, Port Adelaide Football Club,
South Australia
Introduction
There is an increasing disparity in passing and tackling skill between successful and less-successful
elite rugby league (RL) teams. To decrease the gaps in the elite competition, a pre-emptive focus to
accelerate and refine these fundamental skills within the development pathway may be necessary.
Exposing talent identified RL athletes to opportunistic learning environments, appropriate to
development level, will likely contribute to smooth athlete transition along the pathway to the elite
competition. However, this concept primarily requires an innate understanding of the technical skills
needed to succeed within RL, as well as the performance differences evident between development
levels. The aim of this study was to compare and identify the technical skills of RL players at different
levels of the development pathway.
Methods
Eighty-eight players from three developmental levels; Under 18 (n=27), Under 20 (n=29), and State
League (SL) (n=32) competitions participated in the study. The participants undertook passing (over
4m, 7m, and 12m distances) and tackling activities. Accuracy and timing of pass, and achievement of
tackle criteria for elected tackle type (i.e., leg drive, block, and ball and all tackle) were assessed for
all players. A MANOVA modelled the main effect of developmental level with receiver operating
characteristic curves then built for variables that significantly differed according to the main effect.
Results and Discussion
A significant effect was noted for passing accuracy over seven and 12 metres (P <0.05) with the SL
players outperforming their U18 and U20 counterparts. Receiver operating characteristics indicated
that >63% of the passing results were greater than chance discrimination. The choice of tackle type
(ball and all tackle) and technical execution of all tackle types differentiated the SL players from the
U18 and U20 groups. The technical differences may be attributed to SL players demonstrating better
movement competency, power generation and having longer exposure to qualified RL coaches for
skill acquisition, compared to the junior levels.
Conclusions
The current study identified passing and tackling differences between development level within the
RL talent pathway which may impact upon future progression of junior athletes. Accordingly,
practitioners may see utility in their implementation for talent identification, development or the
measurement of a skill intervention targeting the acquisition of passing or tackling.
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Introduction
Maximal strength training (MST, 3-5 sets of 4-6 reps ≥ 85% 1RM) has been reported to increase one
repetition maximum (1RM) and sprint speed for male football players (Helgerud et al., 2011). For
female football players, results regarding improvements in strength and sprint speed are sparse and
conflicting. The aim of this study was to examine the effect of MST in high-level female football players
on 1RM and sprint speed, in addition to peak speed during matchplay.
Methods
Two female football teams playing at level two and three in Norway were team-cluster-randomized to
a training group (TG) or control group (CG). 19 participants in TG (18.3 ± 2.7 y) and 14 in CG (18.3 ± 2.4
y) completed pre- and posttest and were included in the final analyses for training effect. The TG
trained MST twice a week for five weeks. Training sessions consisted of half-squats ranging from 3-4
sets of 4-6 reps at 85-90% 1RM. CG carried out their normal training. For match play, eight and nine
participants in TG and CG, respectively, completed both matches in the same position and were
included for final analysis. 1RM, 15m sprint time and within-group match play were analyzed. Peak
speed was collected with the ZXY Sport Tracking System (http://chyronhego.com/sports-data/zxy).
Results and Discussion
Both groups improved their 1RM (TG: pre: 106 ± 21, post: 137 ± 16 kg, p <0.01; CG: 118 ± 28, post: 124
± 31 kg, p <0.05). The percentage pre-to posttest change in 1RM between TG (31 ± 18%) and CG (5 ±
8%) was significantly different (p <0.01). Sprint speed for 15m was not significantly different from preto post for TG and CG (p=0.27 and 0.25, respectively), with no between group difference for change in
15m sprint time (p=0.51). Peak speed during match play for pre- to posttest was unchanged for both
TG: 24.93 ± 1.41 km/h pretest vs 25.15 ± 2.37 km/h posttest (p=0.73), and CG: 24.14 ± 2.00 km/h
pretest vs 24.78 ± 1.68 km/h posttest (p=0.83).
The 31% increase in 1RM after 10 training sessions is in the upper end of previously reported effects
from interventions. However, neither sprint time nor peak speed improved, probably due to the
limited timeframe of the study.
Conclusion
Five weeks of MST improved 1RM significantly, but not sprint times or peak speed for female football
players.
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INCREASED NECK STRENGTH MAY REDUCE HEAD IMPACT DURING FOOTBALL HEADING: A SYSTEMATIC
REVIEW.
Kerry Peek - University of Sydney, Sydney, Australia
Rhonda Orr- University of Sydney, Sydney, Australia
Introduction
Conflicting evidence exists whether frequent heading in football has been associated with depressed
neuropsychological performance as well as structural changes in the brain. Even if the risk of brain injury
through football heading is small, this is of concern considering that approximately 4% of the world’s
population participate in football with an estimated 22 million being less than 18 years. It has been
suggested that head acceleration or impact during football heading may be attenuated through increased
neck strength. The aim of this study was to systematically review the literature regarding the relationship
between neck strength and head acceleration or impact during football heading.
Methods
Five databases were systematically searched to identify studies reporting any aspect of neck strength and
head acceleration or impact during football heading. Following methodological quality assessment of
studies meeting the eligible criteria, data were extracted regarding the relationship between neck
strength and head acceleration or impact as well as the effectiveness of exercises to increase neck
strength where it was reported.
Results and Discussion
Seven studies met the eligibility criteria, of which five observational studies (total participants, n=2806)
reported data to support that greater neck strength resulted in lower head accelerations and/or impact
during football heading. Of the two eligible experimental studies, neither study provided data that an
eight-week isotonic neck exercise program (n=36) or an eight-week plyometric/ functional neck exercise
program (n=8) resulted in reduced head accelerations or impact during football heading postintervention. Although both studies had small sample sizes and the specificity of the exercises related to
heading were questioned.
Conclusion
There is observational data to support that greater neck strength is associated with lower head
acceleration and/or impact during football heading. However, further evidence is required to determine
whether increased neck strength reduces injury risk and the most effective method to strengthen the
neck musculature in football players.
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MUSCLE STRENGTH CHARACTERISTICS OF THE HAMSTRINGS AND QUADRICEPS IN HIGH-LEVEL YOUTH
FOOTBALL PLAYERS
Kerry Peek - University of Sydney, Aus, Don Gatherer - The Gatherer Partnership, UK, Kyle Bennett University of Technology, Aus, Job Fransen - University of Technology, Aus, Mark Watsford - University of
Technology, Aus
Introduction
Cross-sectional reports suggest that accelerated programs of football training can specifically increase the
strength of the hamstrings and quadriceps in youth players. However, the magnitude of these muscle
strength changes may not be identical in both groups potentially increasing injury risk. The objective of
this study was to explore muscle strength characteristics of the hamstrings and quadriceps in high-level
youth football players.
Methods
All male players (8-15 years) within a high-level football academy linked to an A-league club in Australia
were invited to participate. In total, 110 players underwent maximal isometric muscle strength
assessment of the hamstrings and quadriceps using a computer-linked hand-held dynamometer carried
out by a research physiotherapist.
Results
The results demonstrated that isometric hamstrings and quadriceps strength increased with age, as
expected. However, the isometric hamstring to quadriceps (H/Q) ratio showed a decreasing trend with
age, with 18% (n=20; 95% CI: 11-27%) of players demonstrating an isometric H/Q ratio of less than 0.6.
The proportion of players demonstrating between limb muscle strength asymmetries was 36% (95% CI:
27-46%) for the hamstrings and 46% (95% CI: 37-56%) for the quadriceps.
Conclusions
Maximal isometric muscle strength reference values for the hamstrings and quadriceps are presented
from one high-level youth football academy. Results indicated that the isometric H/Q ratio appeared to
decrease with age. Additionally, a large proportion of players exhibited between limb strength
asymmetries. These findings may have important implications for junior athlete development and longterm injury prevention in football if replicated in other youth academies.
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REDEFINING SHOT PLACEMENT IN THE A-LEAGUE: A GOALKEEPER CENTRIC FRAMEWORK.
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Introduction
Performance analysis has become an integral and highly specialised component of professional
football, to augment coach decisions at the game, team, group, and individual level (Mackenzie and
Cushion 2013). However, an adequate description of the individual tactical level, especially the oneon-one interaction between the attacking striker and goalkeeper (GK) has not been forthcoming
(Sarmento et al. 2014). This study aimed to initiate investigation at this level by presenting a focused
analysis of shot placement in the A-League.
Methods
Video analysis was conducted on the first nine rounds of the 2017/18 season; an accumulated 1,078
shots (excluding penalties) that represented 30.2% of the total population. Shot placement analysis
was sensitive to both the goal and GK, and in this sense, unique in its construction. Goal placement
was divided into nine equal zones, whereas GK placement was contingent on the GK position and
central third.
Results and Discussion
Low and mid height shots were equal (38%) and dominant yet there were no significant differences
within height groupings for either measure. GK (χ2 [2, N = 345] = 13) and goal (χ2 [2, N = 352] = 22)
placements were significantly (α < 0.01) dominated by central shots, but central GK placements (71%)
were more prevalent than their central goal counterparts (45%). That is, traditional methods of
characterising the nature of GK-striker interaction may have underestimated the frequency of central
shots.
Whilst most shots targeted central areas, they also boasted the greatest save-ability (77-80%) for the
GK. Placing the shot wide of the goalkeepers central third (47%) was seen to reduce the save-ability
compared to the left and right of the goal (56%). Of the outer thirds, low height shots were unique in
that the GK could save them 65% of the time, compared to 38% for the other two heights. Whilst more
difficult to execute it may be profitable for strikers to select shot placement relative to the GK instead
of the goal.
Conclusions
These findings suggest that a shift in coaching strategy, to trade off a potential miss for a greater
chance of scoring might be warranted. Furthermore, ensuring analytical methods are aligned with
practical considerations is critical to ensuring the GK performance environment is adequately
documented. Since these findings would have been otherwise inaccessible without reference to
goalkeeper placements, the practical relevance of this measure has been further substantiated.
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VISUALISATION AND INTEGRATION OF TRACKING AND EVENT DATA: A NOVEL ANALYTICAL TOOL
Scott Peterson - Third Coach Pty. Ltd., Sydney, Australia
Introduction
Technological advancement has been the catalyst for the automated capture of positional data of
individual players, officials, and the ball from live and recorded video footage (Rein and Memmert
2018). Whilst this presents a promising replacement or complement to global positioning systems, it
has yet to be rigorously validated (Castellano et al. 2014). Current impetus is focused on physiological
application (Duthie 2018) with little evidence to suggest the value of this data as a medium to visualise
and monitor tactical nuance. This investigation sought to derive a novel method of visualising tracking
data as a vehicle for coaches and analysts to access and interact with such insight.
Methods
TRACAB (ChyronHego, New York, USA) data was acquired for one match of the 2018/19 Danish
Superliga. R Studio statistical software (V 1.1.423, R Studio Inc, Boston, USA) was used to parse,
smooth, and clean the raw data file. The resulting data frame distilled 148,632 frames (25Hz) for 22
field players, substitutes, and the ball to 10Hz of smoothed Cartesian coordinates normalised in time
since kick off. Event data (Opta, London, England) for the same game was parsed into R Studio,
normalised and aligned. R Studio was used to render all visualisations.
Results and Discussion
Topographical, animated rendering of gameplay was successful and completed at a rate three times
faster than real time. This ‘tactical’ view of the game enabled the user to monitor all players and their
response to opponents or the ball. Furthermore, coupling of event data allowed filtering of instances
that fit desired criteria. For example, free kicks were rendered that were within 25m of goal, on target,
and during the second half. This visualisation was watermarked with key statistics (minute, score,
kicker, and distance from goal) along with the animated players to ensure context was transferred
when standalone. In accompaniment, static reports were created to provide additional overview of
shots, assists, and key instances identified in the course of analysis.
Conclusions
Tracking data is emerging and will soon evolve into a pervasive and accessible medium for
performance analysts to derive tactical insight. Currently its infancy has limited user confidence, but
further advancement should provide the clarity necessary to transcend the elite market and provide
state-of-the-art analysis at all levels. This pursuit not only highlighted its feasibility but showed the
value of reproducible and efficient code to convert potentially unused data into a pivotal coaching and
analytical tool.
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BIGGER, STRONGER, FASTER: THE DIFFERENCES IN PHYSICAL QUALITIES BETWEEN PLAYER
DEVELOPMENT GROUP AND ENGLAND ACADEMY PLAYERS IN YOUTH RUGBY UNION
Padraic J. Phibbs - Leeds Beckett University, Dale Read - Leeds Beckett University, Cameron Owen Leeds Beckett University, Kevin Till - Leeds Beckett University, Mark Atkinson - University of Bath,
Sean Williams - University of Bath, Keith A. Stokes - University of Bath, Simon P.T. Kemp - Rugby
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Introduction
In England, within rugby union academies players are classified as either Player Development Group
(PDG; lower standard) or England Academy Players (EAP; higher standard). This is typically based on
coaches’ perceptions of a player’s future potential. The physical differences between these groups are
yet to be quantified, and therefore, the aims of this study were to compare physical qualities between
age-matched PDG and EAP groups.
Methods
Under-18 male rugby union players (n=178) were recruited from 5 regional academies and were
categorised by talent classification and positional group (PDG forwards, n=81; PDG backs, n=56; EAP
forwards, n=24; EAP backs, n=17). Players underwent a standardised physical testing battery to
quantify body size (stature and body mass), strength (isometric mid-thigh pull), power
(countermovement jump (CMJ)), speed (maximal sprint speed, and 10m momentum), and highintensity running ability (30-15 intermittent fitness test (IFT)). The practical significance of differences
between groups were assessed using magnitude-based inferences.
Results
EAP forwards were almost certainly taller (186 ± 4 vs 183 ± 7 cm), very likely heavier (102 ± 12 vs 95 ±
12 kg), with very likely greater 10m momentum (560 ± 53 vs 524 ± 57 kg.ms-1), and likely stronger
(1973 ± 252 vs 1865 ± 219 N) compared to PDG forwards. EAP backs were likely taller (181 ± 6 vs 178 ±
6 cm), heavier (86 ± 12 vs 79 ± 8 kg), stronger (1764 ± 276 vs 1664 ± 250 N), and faster (8.8 ± 0.3 vs 8.6
± 0.4 ms-1), with likely greater 10m momentum (486 ± 67 vs 454 ± 44 kg.ms-1) compared to PDG
backs. There were unclear differences between groups for CMJ and 30-15 IFT.
Discussion
This is the first study to compare the physical qualities between standards of players classified by
talent level within English rugby union academies. The findings show that there were substantial
differences between age-matched PDG and EAP groups. The EAP groups had superior stature, body
mass, strength, and momentum in both positions, whilst the EAP backs also had superior speed.
Conclusions
Body size, momentum, and strength characteristics differentiate between talent classifications in
rugby union players within the same academy squads. The challenges for elite academies are to
develop the physical qualities that differentiate between playing standards for all players and to
ensure that the long-term potential of highly skilled players with inferior physical qualities is tracked
appropriately.
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SLEEP CHARACTERISTICS AND BEHAVIOURS IN AMATEUR FOOTBALL REFEREES
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Introduction
Data examining the sleep/wake behaviours of football referees is limited. This is concerning as a lack
of sleep impairs cognitive functions critical to referee performance, such as reaction time and decision
making. Therefore, the aim of this study was to examine the sleep/wake behaviours of football
referees during the in-season period.
Methods
Participants were nine National Premier League football referees (age; 37±15 years, height; 174±9 cm,
body mass; 81±22 kg). Sleep/wake behaviours were examined during an in-season period using selfreported sleep diaries and wrist activity monitors. Outcome variables were time in bed (TIB), total
sleep time (TST), sleep latency, wake after sleep onset (WASO), and sleep efficiency. Pittsburgh sleep
quality index (PSQI), sleep hygiene index (SHI), and morningness-eveningness questionnaire (MEQ)
results were also collected. Data are presented as mean ± standard deviation and differences between
referees and a cohort of professional football players are expressed as standardised effects sizes (ES) ±
90% confidence intervals.
Results and Discussion
Referees reported poor subjective sleep quality scores (PSQI; 6±3 AU), a tendency for moderate
morningness-eveningness (MEQ; 60±8 AU) and low SHI scores (14±6 AU). Referees were compared to
players as they undertake similar physical workloads. Referees spend a similar amount of TIB
(8:18±1:36 h vs 8:16±1:16 h, ES = 0.30; ±0.90) and obtain similar TST (6:54±1:30 h vs 6:49±1:12, ES =
0.06; ±0.94) (Lastella et al., 2014). However, referees display longer sleep latency (0:09±0:13 h vs
0:16±0:21 h, ES = 0.40; ±0.90), greater WASO (0:17±0:03 h vs 1:01±0:31 h, ES = 1.87; ±1.07), and worse
sleep efficiency (87±4% vs 83±10%, ES = -0.49; ±0.96). Amateur football referees report to have
moderate morning chronotypes, poor habitual sleep quality, and reasonable sleep hygiene habits.
Referees display similar sleep quantity to football players, however display traits indicative of worse
sleep quality.
Conclusions
The poor sleep quality of amateur referees may negatively influence referee performance. Future
investigations are required to better understand whether the sleep behaviours of referees differ
between rest, training and match nights. This will help to determine the effects of training and
competition on the sleep behaviours and decision-making performance of referees.
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Introduction
Football referees undertake substantial physical work during matches, characterised by sporadic short
bursts of high-intensity activity interspersed with periods of low-intensity activity. While matches are
physically demanding, information regarding the physical preparation of referees through training,
and whether training practices accurately simulate match-day practices, are sparse. This study aimed
to quantify and compare the physical activity profiles of amateur football referees during training
sessions and matches.
Methods
Participants were National Premier League soccer referees from Football Federation Tasmania (n=43,
age: 23.8 ± 12.2 years, height: 171.3 ± 7.4 cm, mass: 72.1 ± 15.5 kg), who completed one training
session and one competitive match per week. Total distance, relative total distance per minute
(m/min), high speed running distance (HSR; >5 m/s) and maximum velocity (Vmax) were assessed
using GPS devices, as well as average heart-rate (HRave) and session-rating of perceived exertion
(sRPE), during both training sessions and matches. Paired t-tests assuming equal variances were used
to compare match and training outcomes. Standardised effect sizes (ES) were used to interpret the
magnitude of difference (large; >0.8, moderate; 0.5-0.8, small; 0.2-0.5, and trivial; <0.2), with 90%
confidence intervals. Data are presented as mean ± standard deviation.
Results and Discussion
Compared to training, matches resulted in significantly higher total distance (3,697±1,698 vs
10,609±954 m; p<0.001, ES = 5.5±2.4), relative total distance (54.7±16.4 vs 107.3±24.0 m/min;
p<0.001, ES = 2.4±1.5), HSR (85.4±137.1 vs 1,074.2±379.1 m; p<0.001, ES = 3.2±1.7), HRave
(126.3±29.9 vs 164.3±34 bpm; p = 0.04, ES = 1.2±1.5), RPE (5.0±2.3 vs 8±0.8 AU; p = 0.02, ES = 2.0±2.2),
and sRPE (311.5±136.5 vs 769.1±71.2; p<0.001, ES = 4.7±1.2). There was a large but non-significant
difference in Vmax between training and matches (7.9±0.9 vs 7.5±0.3 m/s; p = 0.61, ES = 0.8±1.3). The
training demands of amateur football referees are substantially less than match demands, which may
limit development of key physiological qualities and referee performance.
Conclusions
The physical demands of matches are greater than training exposures in amateur football referees,
however training demands outside of Federation-facilitated sessions was not measured. Practitioners
should ensure that match demands complement training demands to achieve adequate physical
conditioning to maximise referee performance.
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TEAM WORK MAKES THE DREAM WORK: AN INSIGHT INTO AN INTERNATIONAL COLLABORATION
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Introduction
Professionalism in rugby has resulted in national unions developing high-performance models for elite
player development to ensure success in future years (Duthie, 2006). As a part of their development,
talented youth team-sport athletes are often given the opportunity to represent their country during
international competition. Researchers and practitioners alike are interested in understanding the
transformation of elite youngsters into senior elite athletes. However, common challenges such as
funding, instrumentation accessibility, restricted sample sizes and data secrecy limit the availability of
ecologically valid research during international competitions.
The term ‘coopetition’ is used in the field of management to describe a strategy embodying
simultaneous cooperation and competition between firms (Bengtsson and Kock, 2000). Because
national unions chase similar goals and face similar pressures, collaboration between competitors can
enable them to acquire new knowledge in pursuit of innovations for optimising elite player
development. This report describes a case of coopetition between five different rugby unions during
an international event with the aim to enhance the understanding of fatigue, recovery and its
relationship with performance.
Methods
Member unions from the Six Nations were invited by the lead researcher to take part in this project.
After meeting with management and coaching staff from the different unions, four areas of research
were identified as priorities: sleep behaviours, time course of recovery after match play, competition
demands and key performance indicators. One hundred and thirty international-level youth rugby
union players selected to represent their countries during the 2018 Under-18 Six Nations Festival
participated in the project. The involved teams played three matches during a 10-day period and
agreed to provide daily measures of load, wellbeing, lower-body neuromuscular function and sleep
alongside with match-day footage and global positioning system (GPS) derived variables.
Results
Five out of the six invited national unions accepted to participate in this collaborative network. The
collective findings of this ongoing project will be used to enhance youth elite player development.
Conclusions
This case report shows that, given an appropriate environment, coopetition strategies can be used in
the field of sports science to optimise player development and welfare. Therefore, we exhort its use
by researchers, stakeholders and governing bodies.
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GIVING ‘LIVE’ GPS FEEDBACK TO ATHLETES: DOES IT ALTER LOCOMOTOR PERFORMANCE DURING
SMALL-SIDED GAMES?
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Introduction
Small-sided games (SSGs) are used to train physical qualities while practicing sport specific skills. Live
Global Positioning Systems (GPS) data can provide feedback during these games; however, the impact
of feedback on subsequent locomotor performance is unknown. This study aimed to investigate if
providing ‘live’ GPS feedback to players in between bouts of SSGs altered locomotor performance.
Methods
Using a reverse counterbalanced design, twenty male university rugby players received either
feedback or no-feedback (control) during ‘off-side’ touch rugby SSGs. Eight 5v5, 6x4 minute SSGs were
played over four days (2/day) with a 20-minute rest between SSGs and at least 72-hours rest between
days. Teams were assigned to feedback (4-games) with verbal feedback provided during a 2-minute
between bout rest interval, or no feedback (4-games) for the day. Locomotor performance was
measured via a 10 Hz GPS and variables were analysed using a linear mixed model, reported using
effect sizes (ES) and 90% confidence intervals and then interpreted via magnitude-based inferences.
Results and Discussion
Over the full SSG (6x4 min bouts) there was a possibly trivial (ES = 0.15 [-0.03, 0.34]) difference
between conditions in total distance (2200 (156) vs. 2177 (186) m). There was also possibly trivial (ES =
0.18 [0.00, 0.37]) and likely trivial (ES = -0.07 [-0.27, 0.13]) differences between conditions in low- and
high-speed distance. Between bouts there was a possibly or likely trivial (ES = 0.08 to 0.14) difference
in total distance for bouts 2, 4, 5 and 6, with unclear (ES = -0.01 [-0.24, 0.22]) differences in bout 3.
There was a likely trivial (ES = 0.11 [-0.01, 0.22]) difference in total distance covered during the first
minute of each bout.
In this study, verbal feedback did not alter locomotor performance in rugby players during SSGs. These
data suggest that technical and tactical aspects of SSGs might reduce any ergogenic effects of
feedback, although it is unknown if the type of feedback provided nullified any potential effects.
Furthermore, extrinsic motivating factors such as team success are likely to be perceived as more
important than locomotor performance. Future research should endeavour to investigate if these
findings are consistent across other forms of feedback, bout durations, football codes, playing levels or
training modalities.
Conclusions
Verbal feedback of distance covered during bouts of SSGs does not alter subsequent locomotor
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ATTENDANCE DEMAND IN TEAMSPORTS: FINDINGS ON WOMEN'S FOOTBALL IN GERMANY
Kristoff Reichel - University of Bayreuth
Introduction
Attendance demand in teamsports is fundamental for business models and markets in professional
sports (Forrest & Simmons, 2006). It drives all follow-up and network effects in value creation. Only
through the presence and the participation of the audience does teamsport competitions become an
attractive event for many stakeholders like sponsors and the media. For that reason, especially
teamsports with low attendance demand should try to attract spectators to improve their market
position and drive professionalization. In contrast to men's football, women's football in Germany also
suffers from weak attendance demand. Therefore, the clubs as well as the German Football
Association (DFB) as the operator of the women's Bundesliga must perceive the spectators as a key
task. The aim of the study is to describe statistically well-defined target groups for marketing
strategies of professional women's football clubs.
Methods
The questionnaire applied to three cluster surveys (assisted paper-pencil survey, total N=1,893) and it
is divided into 5 thematic blocks (general interest in sport and football, media consumption, general
interest and attitude to women's football, specific interest and attitude to Women's World Cups,
socio-demographic information). The target group analysis is based on multivariate non-parametric
methods (cluster analysis).
Results and Discussion
As a result, the two-step cluster analysis revealed four distinct clusters of demand groups with
different audience potential for professional women's football in Germany (with satisfactory cluster
quality; silhouette value of 0,3). First, the Supporters (1) form the actual fan base of women's soccer.
However, the Young Generation (2) and Traditional Consumers (3) groups show interesting traits that
women's soccer marketing can address. Despite a negative attitude towards women's football, the
young target group is, more or less, interested in visiting women's football matches. This shows the
curiosity and the experience-oriented lifestyle of the Young Generation, which can also be achieved
efficiently via social media. The group is also well educated, but has a lower income than the older
Traditional Consumers, who are mostly male and have a positive opinion about women's football. This
makes it an attractive target group, but it can be better reached via analogue media. There is little
potential in the fourth group (the Flâneure (4)), who offer barely accentuated features for effective
marketing (Reichel, in press).
Conclusions
Using the identified clusters, strategic recommendations for action and management strategies to
increase the demand for viewers in German women's football can be derived for the responsible
sports officials of the clubs.
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HOT AMBIANCE OR CHAOS IN THE STANDS? ATTITUDES OF ACTIVE FANS TOWARD ULTRA GROUPS
IN GERMAN FOOTBALL
Kristoff Reichel - University of Bayreuth, Markus Kurscheidt - University of Bayreuth
Introduction
The Ultras are known for their hot support of the team during the game and for their impressive
choreographies. While this is much appreciated by other fans and football officials, the Ultras are also
associated with disorder, excessive use of pyrotechnics and fan violence. Thus, the Ultras have
become the most controversial supporter group in European football (Joern & Havelund, 2018).
Therefore, the question arises whether the Ultras contribute to a value co-creation or rather a value
co-destruction in the stadia (Stieler, Weismann, & Germelmann, 2014). This is investigated based on
the attitudes of non-Ultra active fans in Germany who frequently attend matches in the stadia.
Methods
An online survey was placed in German fan fora. The questionnaire has been tested in previous
surveys. Notably, the item battery on the attitudes, measured in five-point Likert scales, toward Ultras
has been added. In addition, the questionnaire covers self-reported fan behaviour, supporter
organisation, attitudes toward current controversial issues in German football and sociodemographics. N=971 valid responses entered the regression analysis with 15 independent variables
on the fan behaviour and mind-set of respondents while constructs of attitudes toward the value cocreation/destruction by the Ultras were selected as dependent variables.
Results and Discussion
It is found that the vast majority of active fans appreciate the Ultras. Most fans even believe that the
Ultras have a positive impact on the marketisation of German football. The respondents also criticise
instances of misconduct of the Ultras. However, the active fans balance the pros and cons of the
contribution of the Ultras and tend to an overall positive attitude.
Conclusions
Unlike the general public, the active fans, i.e., frequent stadium attendees, show a balanced positive
view of the Ultras. The important stakeholder group of regular stadium visitors seem to be attracted
by the ambiances created by the Ultras. Hence, there is evidence in German football that the Ultras
have a tangible impact on value co-creation. This should be more accepted by football officials.
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TOWARDS A SCIENTIFIC UNDERSTANDING OF POSITIONAL PLAY
Angel Ric - Sports Science Department at FC Barcelona, Carlos Rodriguez - Sports Science
Department at FC Barcelona, Javier Fernandez - Sports Science Department at FC Barcelona
Introduction
FC Barcelona is one of the main exponents of a strongly defined positional playing style. This
style is based on three core concepts: space, superiority and positioning. For instance, to get
some kind of superiority, players position themselves a certain distance from the opponents to
seek better spatial conditions to get the ball. Here, we aim to explore how these three
principles change as a function of ball possession using high frequency tracking data. The
analysis carried out on professional football matches provides some highlights supporting
these claims. Furthermore, we compare these results with those from youth football matches
performed by our U-14 team.
Methods
A selected set of six matches performed by FC Barcelona at the UEFA Champions League 20182019, as well as U-14 team matches from the LJAT 2018 tournament, were analyzed according
to three principles mentioned above. Using tracking data, we calculated: i) the distance of each
player from their nearest opponent; ii) the local numerical relation in 7 subzones in the
effective playing space (EPS); and iii) pitch control value based on player’s motion information
and position of the ball. Finally, for each team we compared each of these items by using a
linear mixed effects model.
Results and discussion
The mean distance of FCB players from their nearest opponent was 7.18±4.43 m, compared to
the players of the opponent teams that were highly pressured (6.68±4.19). In terms of
superiority, FCB first team created numerical superiority in the outer subzones of the EPS
during all matches. According to the positioning, pitch control was analyzed when players were
5m away from the ball (0.58±0.01), between 5 and 15m away (0.61±0.01), and further than
15m away (0.64±0.01). These results confirm the need to explore the influence of ball
possession on these three principles. In addition, preliminary results from our youth teams
indicate some differences, probably, because of player experience and physical capacities.
Conclusions
The three core concepts of our playing style: space, superiority and position show clear
differences between FC Barcelona and their opponents. However, due to the deviations from
the mean, further analysis must be done comparing the influence of ball possession, the player
specific positions or the relative position from the ball.
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THE CHALLENGES FOR REGIONALLY-BASED VOLUNTEER RUGBY UNION COACHES IN QUEENSLAND
Mr Dave Robinson - University of Southern Queensland/University of the Sunshine Coast
Introduction
Organised sport is an important contributor to regional communities, providing members with
significant opportunities to interact with each other and thereby enhance these communities’
overall health and wellbeing (Tonts & Atherley, 2010). Recognising this, the need for committed and
skilled sports coaches is vital in creating, maintaining and maximising opportunities for participants
living in regional communities. Facilitating the professional development of these coaches’ skills and
capacities is a task which benefits coaches seeking to improve their technical and pedagogical skills
in order to coach at higher levels or to simply enhance their coaching self-efficacy. This professional
development is also beneficial to their communities and their respective sports’ governing bodies.
Method
An Interpretative Phenomenological Analysis (IPA) approach has been used to explore how
participants make sense of their personal and social worlds through the meanings associated with
particular experiences and events (Smith & Osborn, 2015). This involved in-depth qualitative
interviews undertaken with five highly experienced volunteer rugby coaches from regional towns
across Queensland to gain important insights concerning the complexities of coaching in such areas.
Results and Discussion
This focussed approach allowed for richness and depth in considering the specific and common
challenges experienced by each of the participants in their respective regional contexts. Preliminary
findings indicate these coaches feel isolated and disenfranchised from their sport's governing bodies.
Moreover, they expressed frustration with the lack of coaching development opportunities available
to them.
Conclusions
While staunchly committed to rugby, these coaches’ experiences may serve to alert their sport’s
governing bodies to issues affecting the sport in regional Queensland. It can be argued that ensuring
appropriate and targeted professional development and training will be enhanced by these bodies
better understanding the particular challenges these coaches face and how these can impact on
their coaching and promoting of the sport in regional areas.
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A MACHINE LEARNING APPROACH TO ASSESS INJURY RISK IN ELITE LEVEL YOUTH SOCCER PLAYERS
Nikki Rommers - Vrije Universiteit Brussel, Ghent University, Amsterdam UMC (location VUmc),
Roland Rössler - Amsterdam UMC (location VUmc), Evert Verhagen - Amsterdam UMC (location
VUmc), Florian Vandecasteele - Ghent University , Steven Verstockt - Ghent University, Matthieu
Lenoir - Ghent University, Eva D'Hondt - Vrije Universiteit Brussel, Erik Witvrouw - Ghent University
Introduction
Due to the large burden of injuries, injury prevention is utmost important in elite level youth soccer.
Targeted injury prevention requires thorough knowledge of injury risk. Injuries are, however, complex
in nature and many factors need to be considered when assessing injury risk. To acknowledge this
complexity, we used a data science approach to identify the injury risk in elite level youth soccer
players based on a large number of potential risk factors.
Methods
A total of 734 players in the under 10 to under 15 age categories (mean age: 11.7 +/- 1.7 years) from 7
Belgian youth academies were prospectively followed during one competitive season. Training and
match exposure as well as occurring injuries were monitored continuously by the academies’ coaching
and medical staff, respectively. At the start of the season, anthropometric measurements (i.e. height,
weight, and sitting height) were taken and test batteries to assess physical fitness (i.e. strength,
flexibility, speed, agility, and endurance) and motor coordination (Körperkoordinationstest für Kinder)
were performed. A machine learning technique, using extreme gradient boosting algorithms
(XGBoost), was used to differentiate injured from non-injured players based on their test results.
Subsequently, the same technique was used to classify injuries as either overuse or acute.
Results and Discussion
During the season, 609 injuries occurred in 368 players, who sustained 1 to 7 injuries each. Of these
injuries, 290 were identified as overuse and 319 as acute injuries. The machine learning algorithm was
able to identify the injured players with 92% precision, 92% recall and 92% accuracy (f1-score).
Furthermore, injuries could be classified as overuse or acute with 95% precision, 94% recall and 94%
accuracy. The features in the model were ranked according to their importance in the decision
process.
Conclusions
The machine learning algorithm was able to identify 92% of the injury cases correctly. Hence, it is a
promising approach to assess injury risk among elite level youth soccer players based on
anthropometric measurements, physical, and coordination tests. This new knowledge could be applied
in the development and improvement of injury prevention strategies, specifically aiming at youth
players with the highest injury risk as well as targeting the features that influence this risk the most.
This could improve both the efficacy of injury prevention and the use of resources.
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PRACTICAL USABILITY OF MATURITY OFFSET/RATIO PREDICTION EQUATIONS IN ELITE LEVEL YOUTH
SOCCER PLAYERS
Nikki Rommers - Vrije Universiteit Brussel, Ghent University, Amsterdam UMC (location VUmc), Jan
Willem Teunissen - HAN University of Applied Sciences, Johan Pion - HAN University of Applied
Sciences, Ghent University, Sean Cumming - University of Bath, Robert Malina - University of Texas,
Roland Rössler - Amsterdam UMC (location VUmc), Eva D'Hondt - Vrije Universiteit Brussel, Matthieu
Lenoir - Ghent University, Geert Savelsbergh - Vrije Universiteit Amsterdam
Introduction
Puberty coincides with a stage of soccer player development marked by stringent player selection,
increasing physical demands, and a higher injury risk associated with rapid growth. As the timing of
puberty differs between individuals, grouping pubertal players relative to their maturational status
instead of chronical age (i.e. bio-banding) has become increasingly popular to adjust training according
to players’ pubertal stage and decrease their risk of injury. Equations predicting the age at peak height
velocity (APHV) are often used to assess somatic maturity and to group players accordingly. However,
no information is available on the predictive accuracy and stability over time of these APHVestimations.
Methods
Height, weight and sitting height were measured at least every three months in 17 adolescent elite
level soccer players (at start of the study 11.9 +/- 0.8 years of age) over a period of approximately 3
years. Their APHV was estimated at each measurement point by four different prediction equations
(Mirwald1, Moore 1, Moore 22, and Fransen). To assess reliability, predicted APHV according to the
equations were compared to the player’s observed (“real”) APHV using one sample t-tests and
equivalence tests. Longitudinal stability was assessed by comparing the linear coefficient of the
deviation (predicted minus observed APHV) to zero.
Results and Discussion
Most individual APHV predictions (4 predictions for 17 players) were significantly different from, and
not equivalent to the observed APHV. A difference with a large effect size (Cohen’s d > 0.8) was found
in 87% of the cases, indicating that the prediction equations did not provide reliable results.
Furthermore, the prediction was not stable over time in 71% of the cases (linear coefficient
significantly differed from zero).
Conclusions
None of the prediction equations is accurate in estimating the APHV of adolescent elite level soccer
players and the stability of the prediction over time is poor. Therefore, the prediction equations are
not valuable in practice for bio-banding, when prescribing individual training programmes or to assess
injury risk. We suggest practitioners and researchers to monitor growth closely and to use other
markers of somatic maturity to adjust training modalities and injury prevention strategies according to
the player’s maturational timing.
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‘THE NEITHER/NOR PROPOSITION’: A MIXED-METHOD EVALUATION OF THE IMPACT OF A YOUTH
SOCCER ACADEMY
Fieke Rongen - Leeds Beckett University, Jim McKenna - Leeds Beckett University,
Stephen Cobley - University of Sydney, Kevin Till - Leeds Beckett University
Introduction
Elite soccer academies represent one of the most common forms of talent development
programmes in the UK, yet they are increasingly being challenged regarding their ‘healthiness’ or
‘appropriateness’. The morality of engaging young players in intensive, pressurised, performance
focused environments, given that only few can “make it”, has been questioned (1). Instead,
proponents argue that academies offer powerful contexts for positive development, readying
players for life. As with any system, it makes sense to see academies as offering a context of impact
possibilities; performance and personal, positive and negative, short- and long-term (2). This study
aims to address the shortfall of holistic approaches in evaluating the impact of academy
involvement.
Methods
A mixed-methods approach was utilised to comprehensively and holistically evaluate the impact of
one elite English youth soccer academy. Over one-year, longitudinal quantitative data on physical
and psycho-social well-being, school report cards and injury were collected from 58 U12-U16
players. In addition, focus groups and peer interviews explored players’ (n=57) perspectives
regarding ‘in-time’ impact, whilst semi-structured interviews with both successful and unsuccessful
ex-academy players (n=7) explored ‘over-time’ impact.
Results and Discussion
Findings revealed a wide range of potential academy impacts and highlight how academy
involvement is neither inherently good nor bad but has potential in both directions. Involvement
with this specific academy resulted in predominantly positive developmental outcomes regarding
enjoyment, perceptions of psycho-social health, well-being, personal and social development.
Nonetheless, potential risks were identified, including injury, and compromised identity, social and
educational development. Combining quantitative and qualitative data, as well as long- and shortterm perspectives, produced a more nuanced picture of academy impact, highlighting impacts as
interrelated, neither universally stable nor consistent over time.
Conclusions
This is one of the first studies to employ a rigorous and integrated mixed-method evaluation,
providing a nuanced understanding of the impacts that may emerge from soccer academy
involvement. This specific context provided unique and promising insights suggesting that soccer
academies can provide a positive developmental context.
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WHY DO REFEREES MAKE DECISIONS AT ALL?
Scott Russell - Queensland University of Technology, Ian Renshaw - Queensland University of
Technology, Keith Davids - Centre for Sports Engineering Research, Sheffield Hallam University,
Sheffield, UK
Introduction
The role of the referee has often been characterised as a simple task of judging fouls, with
assessments focussing on whether those judgements are ‘right’ or ‘wrong’. Accordingly, many studies
have focussed on evaluating the decision-making ‘accuracy’ of referees with the intention to reduce
mistakes.
Methods
Here, using a Grounded Theory methodology, we sought to unpick this commonly held assumption
about the referee’s decision-making role. We interviewed nine national-level Association Football
referees (aged 23–35 yrs; 3.8 yrs mean minimum national-level experience) with the aim of better
understanding why referees make decisions at all during performance.
Results and Discussion
Results indicated that referee decision-making actions were not predominantly aimed at traditional
notions of decision-making accuracy (e.g. correctly identifying rule transgressions), but were instead
focussed on meeting two overarching task goals: maintaining control and preserving the integrity of
the competitive game. These objectives were, in part, informed by co-invested task outcomes, which
referees perceived that players, spectators, coaches and fellow referees had about ‘how the game
should be played’. Analysis revealed four decision-making priorities (‘four pillars’) used to meet these
expectations; these were conceptual notions of: safety, fairness, accuracy and entertainment.
We discuss how these results indicate that referee decisions ‘make context’, by acting as informational
constraints invested in evolving the game in line with co-invested task values expressed in the four
pillars. These finding suggest that (i) referees co-construct the game with players and (ii) referee
decision-making is an emergent process of the performer–environment relationship nested within
task goals.
Conclusions
We recommend that future research investigate decision-making accuracy within the context of a
competitive match and that distinctions be made between types of bias and the complex strategies
referees use to manage the game.
References
Scott Russell, Ian Renshaw & Keith Davids (2018) How interacting constraints shape emergent
decision-making of national-level football referees. Qualitative Research in Sport, Exercise and Health,
https://doi.org/10.1080/2159676X.2018.1493525
Presentation Theme: Refereeing
Keywords: Ecological Dynamics, Grounded Theory, Referees

IMPACT OF CONTEXTUAL FACTORS ON PHYSICAL PERFORMANCE IN AFLW MATCHES
Rhearne Ryan - Western Sydney University, Samuel Chalmers - Western Sydney University, Ric Lovell Western Sydney University
Introduction
In 2017, the Australian Football League administered its inaugural women’s competition (AFLW),
consisting of 7 rounds leading to a grand final. Whilst a number of case-studies from individual teams
have described the physical match performances, the impact of contextual match factors (i.e.
opposition rank, environmental conditions, between-match recovery duration, match outcome) has
not been evaluated, and such information may inform future competition policy.
Methods
Catapult Sports GPS data (OptimEye X4, S3, S4 and S5) was collected from 5 of the 8 competition
teams (597 eligible match observations from 119 players), and processed via Openfield software.
Total, high- (HSR; ≥3.88 m·s-1) and very-high speed (VHSR: ≥4.72 m·s-1) running distances were
calculated per minute of playing time (m·min-1). Peak speed, and a vector magnitude of tri-axial
accelerometer data (Playerload) were also quantified. Opposition rank was determined from final
league standings. Match outcome was assessed according to the final match outcome (excluding two
ties) and score margin (< 8 = ‘small’, 8-18 = ‘moderate’, and > 18 ‘large’). Days recovery between
consecutive matches, match location, round, wet-bulb globe temperatures (WBGT; °C, sourced from
the Bureau of Meteorology), and kick-off times were also retrieved. Linear mixed-models (clustered by
player) in combination with magnitude-based inferences were adopted for analysis.
Results and Discussion
Greater HSR was performed against higher-ranking opposition (> 0.2; 90% confidence interval: 0.1-0.3
m·min-1 per ladder ranking; p=0.002), culminating in an 8% difference when competing against the
lowest- versus the highest-ranking opponent. There were trivial differences in total (120.1 vs. 119.8
m·min-1) and HSR (17.3 vs.16.8 m·min-1) distances during matches won. Matches lost by a moderate
margin had less HSR versus large losses, moderate wins and large wins (small effects). Scheduling of
AFLW matches did not impact physical performances, with no observed effects of WBGT, kick-off time,
match location, round, and days recovery between matches. Future work is warranted to assess the
contextual factors affecting AFLW physical match performances via uniform GPS hardware.
Conclusion
GPS data may not be a useful key performance index in AFLW matches due to the between-match
variation (% CV’s: TDC: 6.1-8.2%; HSR: 13.4-20.3%; VHSR: 45.2-63.1; Peak Speed: 4.6-5.4%; Playerload:
8.5-17.2%). There was no evidence to suggest that the competition structure influenced physical
performance.
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MEASUREMENT CHARACTERISTICS OF ATHLETE MONITORING TOOLS IN PROFESSIONAL
AUSTRALIAN FOOTBALL
Samuel Ryan - Human Performance Research Centre, University of Technology Sydney, Sydney, Australia
Emidio Pacecca - Carlton Football Club, Melbourne, Australia
Jye Tebble - Department of Rehabilitation, Nutrition and Sport, La Trobe University, Melbourne, Australia
Joel Hocking - Carlton Football Club, Melbourne, Australia
Thomas Kempton - Carlton Football Club, Melbourne, Australia
Aaron Coutts - Human Performance Research Centre, University of Technology Sydney, Sydney, Australia
Introduction
To examine the measurement reliability and sensitivity of common athlete monitoring tools in
professional Australian football.
Methods
Test-retest reliability (noise) and weekly variation (signal) data were collected from 42 professional
Australian footballers from one club during a competition season. Perceptual wellness was
measured via questionnaires completed before main training sessions (48, 72 and 96 h post-match),
with players providing a rating (1-5 Likert scale) regarding their muscle soreness, sleep quality,
fatigue level, stress and motivation. Eccentric hamstring strength and countermovement jump
performance was assessed via proprietary systems once per week. Heart rate recovery (HRR) was
assessed via a standard submaximal run test on a grass-covered field with players wearing a heart
rate monitor. The HRR was calculated by subtracting average heart rate during final 30 s of exercise
from average heart rate during final 10 s of rest. Typical test error was reported as coefficient of
variation (CV% and TE). Sensitivity was calculated by dividing weekly CV by test CV to produce a
signal-to-noise ratio (SNR).
Results and Discussion
All measures displayed acceptable sensitivity. SNRs ranged from 1.3-11.1. ICCs ranged from 0.30 to
0.97 for all measures.
Conclusions
The HRR test, CMJ test, eccentric hamstring strength test and perceptual wellness all possess
acceptable measurement sensitivity. SNR analysis is a novel method of assessing measurement
characteristics of monitoring tools for professional AF players. These data can be used by coaches
and scientists to identify meaningful changes in common measures of fitness and fatigue.
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WHAT INFLUENCES FOOTBALL CLUB PERFORMANCE? A CAUSAL LOOP DIAGRAM OF THE COMPLEX
FOOTBALL CLUB ‘SYSTEM’
Paul Salmon - University of the Sunshine Coast, Scott McLean - University of the Sunshine Coast
Introduction
There is increasing interest in the use of complex systems thinking methods to understand sports
performance. This article describes a study in which one such approach, Causal Loop Diagrams (CLDs;
Sterman, 2000), was used to develop a systems model of the factors influencing football club
performance. The aim was to develop a CLD that would depict the key variables that interact to
influence football club performance, using a top four English premier league club as an example. The
intention was to test the CLD method in football and to produce a model that could inform the
development of strategies to enhance football club performance.
Methods
All systems comprise interacting feedback loops that influence behaviour in a non-linear manner. The
CLD method is a qualitative approach that is used to describe these feedback loops and how they
interact to dynamically influence behaviour.
There are two forms of causal loop: positive, or reinforcing loops, and negative, or balancing loops.
Positive loops are self-reinforcing; for example, as a football club recruits more talented players,
performance is enhanced and the club becomes more successful. This leads to an increase in profit,
allowing the club to recruit more talented players and so on. Negative loops are self-correcting. For
example, as a club becomes more successful and recruits more talent, other clubs will follow suit,
which can serve to act as a limit on the successes of the first club.
The CLD was developed using a group model building process involving two experienced football
researchers, five systems thinking experts, and one current international head coach. Sources of data
included the peer-reviewed literature, publicly available data on football club performance, and other
relevant documentation such as the media.
Results and Discussion
The findings show that there are multiple interacting variables that influence football club
performance. These include variables related to players (e.g. skill, fitness levels, injuries, personal
lives), coaches and support staff (e.g. skill, experience), coaching and training programs, the club (e.g.
finances, transfers, marketing and merchandising, culture, academy), sponsors, other clubs,
supporters, the football association, and relevant international teams. A key contribution of the CLD is
to show how these variables dynamically interact with one another to either optimise or inhibit
football club performance.
Conclusions
Multiple variables from across football systems interact to influence club performance. These
variables, as well as their interactions, should be considered when attempting to optimise football club
performance.
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DOSE-RESPONSE RELATIONSHIPS BETWEEN TRAINING LOAD PARAMETERS AND VARIATIONS IN
AEROBIC CAPACITY AND STRENGTH IN PROFESSIONAL SOCCER PLAYERS
Filipe Manuel Clemente - Polytechnic Institute of Viana do Castelo, School of Sport and Leisure,
Melgaço, Portugal
Cain C. T. Clark - Faculty of Health and Life Sciences, Coventry University, CV1 5FB, United Kingdom
Hugo Sarmento - Faculty of Sport Sciences and Physical Education, University of Coimbra, Portugal
Introduction
The aim of this study was to analyze the associations between the 10-week period accumulated
training load parameters and the variations of aerobic capacity and isokinetic strength levels of
professional soccer players.
Methods
Twenty-seven professional soccer players from the first Portuguese league (24.9 ± 3.5 years old) were
assessed twice (pre- and post-10-weeks of training) in their aerobic and strength performance and
monitored during the period of training using the 10-point Borg’s CR10 scale (Borg, 1998) of effort
multiplied by the time of training (Foster et al., 2001). Weekly-training load, training monotony and
training strain (Haddad et al.., 2017) were also calculated for each week. Aerobic capacity and maximal
aerobic speed (MAS) were determined during an incremental treadmill) test, starting at 8.0 km.h-1
with progressive increments of 0.5 km.h-1 every 30 seconds until exhaustion. The isokinetic strength
test was performed in a Biodex isokinetic dynamometer over five repetitions of concentric knee
extensions and flexions at 60º/sec. Percentage of changes on the aerobic and strength measures were
calculated and then associated with the accumulated training load parameters during the period.
Results and discussion
Sum of training monotony was largely and negatively correlated with MAS (r = -0.55; p = 0.043). Large
positive correlations were found between sum of training load and extension peak torque in the right
lower limb (r = 0.57; p = 0.034) and ratio agonist/antagonist in the right lower limb (r = 0.51; p =
0.064). On the other hand, very large negative correlations were found between the sum of training
load and the variations in extension deficits (r = -0.90; p = 0.001). On the other hand, large and positive
correlations were found between sum of training monotony and flexion peak torque in the right lower
limb (r = 0.51; p = 0.065). The sum of training strain was largely and positively correlated with ratio
agonist/antagonist in the right lower limb (r = 0.53; p = 0.052) and largely and negatively correlated
with extension deficits (r = -0.68; p = 0.008).
Conclusions
Results of our study suggests that the changes in fitness levels cannot be purely associated with
training load measures and for that reasons, more variables should be added to explain those
variations. Despite that, it is possible to conclude that a high training monotony may comprise the
maximal aerobic speed and that field-training load may increase the strength deficits.
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COMPARISON OF DYNAMIC POSTURAL STABILITY DURING SINGLE-LEG LANDING BETWEEN REGULAR
AND NON-REGULAR SOCCER PLAYERS
Shogo Sasaki - Tokyo Ariake University of Medical and Health Sciences, Yusaku Suganuma - Tokyo
Ariake University of Medical and Health Sciences, Yasuharu Nagano - Japan Women’s College of
Physical Education
Introduction
Dynamic balance is essential not only for athletic ability but also for decreasing the risk of injury. The
single-leg drop landing (SLL) test is easy-to-use in a limited space and has good reliability for 3dimensional biomechanical measures (Myer et al. 2015). The purpose of present study was to provide
data on dynamic postural control during a SLL test of collegiate soccer players (regular and nonregular).
Methods
A total of sixty-three collegiate soccer players in JUFA division-1 league (26 regular team players
[height 1.74±0.06 m, weight 70.4±5.5 kg] and 37 non-regular team players [height 1.73±0.05 m,
weight 67.2±4.9 kg]) performed 6 single-leg landing manoeuvres from a 0.2 m high box. They were
instructed to hop off the box, land on the same foot, and hold the landing on the force plate (1000 Hz)
for a minimum of 5 seconds. Maximum vertical ground-reaction force (v-GRF, normalized to body
weight), time to the peak landing force, and centre of pressure trajectory length until 200-milliseconds
(COP_200ms, normalized to foot length) and 5-seconds (COP_5s, normalized to foot length) after
initial contact were measured. To investigate the difference between regular and non-regular players,
a two (regular and non-regular) × two (dominant and non-dominant) factorial ANOVA and Bonferroni
multiple comparison as a post hoc test was performed. In addition, Pearson’s product-moment
correlation coefficient was used to explore the relationship among each variable. The significance level
was set at p<0.05.
Results and Discussion
The team of regular players exhibited improved dynamic postural control compared to those in the
team of non-regular players, as indicated by the significantly smaller COP_200ms in the dominant leg
(0.744 vs 0.826, p<0.05) and COP_5s in the dominant and non-dominant legs (2.191 vs 2.400, p<0.01;
2.156 vs 2.324, p<0.05 respectively). In regard to non-regular players, COPs in the dominant leg were
larger than those of the non-dominant leg. The COP_200ms also showed a moderate correlation with
the GRF (r =0.536, p<0.01). These suggested that a smaller postural sway during single-leg landing,
caused by a lower GRF, may be an indicator of high-potential athletes in collegiate soccer teams.
Conclusions
The COP lengths of regular players were smaller and more symmetrical than those of non-regular
players.
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TALENT IDENTIFICATION IN ELITE YOUTH FOOTBALL: COMPARISON BETWEEN COACH RATINGS
AND TEST RESULTS OF SELECTED AND NON-SELECTED PLAYERS
G. J.P. Savelsbergh - Department of Human Movement Sciences, Faculty of Behavioural and
Movement Sciences, Vrije Universiteit, Amsterdam, The Netherlands, Faculty of Sports and
Nutrition, Amsterdam University of Applied Sciences, Amsterdam, The Netherlands.
J. A. Belmar Castro - Department of Human Movement Sciences, Faculty of Behavioural and
Movement Sciences, Vrije Universiteit, Amsterdam, The Netherlands,
J. Sanders - Performance Staff PSV Eindhoven, The Netherlands,
R. van Elk - Performance Staff PSV Eindhoven, The Netherlands
Introduction
For efficient talent identification it is important to know which performance characteristics should
be taken into account when selecting children into elite football academies. The aim of the current
study was to identify those athlete characteristics and performance parameters that are the best
discriminants between selected and non-selected players into a U-13 academy team. More
specifically, the research focused on physiological, anthropometric, psychological, tactical, and
technical characteristics of 114 Dutch football players between the ages of 8 and 12. The players
were part of a development program which then selects only the best performers into the youth
academy of a professional football club.
Method
Players were tested over the course of 9 months in a variety of tests related to anthropometric,
physiological, technical, tactical, and psychological aspects. The coaches rated their players as either
underperformers (UP), average performers (AP) or best performers (BP). The coach ratings were
compared with the test results for U-9, U-10, U-11 and U-12 players. In addition, the test results
were examined in order to analyze differences between U-12 players who were selected into the
youth academy and those that were not.
Results and Discussion
The results showed a significant difference between coach rating categories and also between
selected and non-selected players in tactical and psychological aspects as well as change of direction
ability (agility). The results suggest that physical abilities, tactical skills and psychological
characteristics may play an essential role in coach perspectives of athletes and in their decision for
selection into professional youth academies.
Conclusion
The results demonstrate the need for both qualitative and quantitative measures of talent in youth
football.
Presentation Theme: Elite Academies: Challenges, Controversies, Successes
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ATHLETIC SKILLS MODEL: A NEW INNOVATIVE PROGRAM FOR OPTIMIZING TALENT DEVELOPMENT
IN FOOTBALL PLAYERS
Geert Savelsbergh - Department of Human Movement Sciences, Vrije University, & Amsterdam
Institute of Sport Science, Amsterdam, Netherlands
Today’s generation kids are significantly less fit than their peers who lived thirty years ago. Due to
limited physical education at school, children have a limited motor development. For this reason it is
important to invest in movement experience of these children. However, training and development of
young athletes is a complicated process. In a study amongst Olympic athletes researchers looked for
trends in the development from child to Olympic athlete. Almost all of the athletes were involved in
different sports when they were young before they start to specialize in one or two sports (late
specialization approach). However, early engagement in a sport and thus training of specific technical
aspects of that particular is suggested will lead to superior techniques at a later age. The Athletic Skills
Model (ASM) aims to combine these two approaches and is about wellbeing, health, and talent
development of children and adolescents to adults, and the aims of optimal balance between
performance and health. Both scientific findings and practical professional experience is the
foundation of this evidence-based model. The ASM helps athletes and children to improve their
physical intelligence by engaging them in structured and varied movement program. The ASM aims for
the following development: first one should become an all-round, good mover; this good mover will
develop into an athlete; this athlete will specialize in one sport, e.g. football; finally, the athlete will
develop into a specialist within his sport, e.g. striker. The ASM approach will lead to fitter players with
a longer athletic life because they have lesser injuries and more career opportunities. Adaptation and
variation are fundamental key concepts of this approach.
Wormhoudt, R., Savelsbergh, G.J.P., Teunissen, JW, Davids, K. (2018). Athletic Skills Model for
optimizing talent development through movement education. Routlegde.
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DOES LIFESTYLE AFFECT THE RISK OF IN SEASON INJURY IN COMMUNITY AUSTRALIAN RULES
FOOTBALL?
Laura Schwab - Griffith University, Melinda Franettovich Smith - University of Queensland, M Dilani
Mendis - Griffith University, Deirdre McGhee - University of Wollongong, Julie Hides - Griffith
University
Introduction
Athlete workloads have been shown to predict injury in elite team sports, and focus has been on the
acute:chronic workload ratio. Consistent training has been highlighted as a fact that reduces injury
rates, whilst acute spikes in workload have been shown to have detrimental effects (Hulin et al, 2014).
Community athletes may be more vulnerable to injury due to inconsistencies in workloads associated
with the demands of their occupation and other sport and leisure activities. This study aims to
investigate the relationship between these workloads and in season injuries.
Method
Information regarding community AFL player lifestyle workloads (work, leisure, sport) were collected
preseason using the validated Baecke Physical Activity Questionnaire (BPAQ) from 207 community AFL
players (aged 15-37 years). Data related to injuries (trauma or overuse) and training workload (field,
cross training and gym sessions) were collected by weekly-automated SMS and online surveys over the
20-week season. Data from players who did and did not report injuries in the season were compared
using chi-squared and independent t-tests. Occupation type (sedentary vs non sedentary) was also
compared with training levels.
Results and Discussion
A total of 174 new injuries (trauma n=125; overuse n=49) were reported. On average community AFL
players trained 171mins a week. Only one-third of community AFL players had a physical job and less
than half actively commuted to work >15mins day. Regarding leisure activity, 25% of players watched
TV often and 50% played a second sport. A mean BPAQ score of 8.88 demonstrated above average
physical activity levels compared with community males aged 20-32 years (8.2, n=139). Habitual
activity levels of work, leisure or sport as well as higher training levels were not associated with
increased in-season injury in this study. There was a negative association between overall season
training levels and occupational activity; players with a sedentary occupation trained on average
188mins per week compared with only 142mins per week for those with physically demanding
occupations (p=0.017).
Conclusion
Habitual activity levels and training workloads were not associated with season injuries in this study.
Community AFL players may self-regulate their habitual loading patterns to negate an increased risk of
sporting injury due to load. Results also suggest that recommendations regarding training workloads
for elite athletes may not apply to community populations.
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DIFFERENCES IN INTERNAL AND EXTERNAL LOAD BETWEEN YOUTH FOOTBALL PLAYERS OF
DIFFERENT MATURATION STATUS DURING PEAK HEIGHT VELOCITY
Fabio Serpiello - Institute for Health and Sport, Victoria University, Melbourne, Australia. Melbourne
Victory FC
Adam Cox - Institute for Health and Sport, Victoria University, Melbourne, Australia. Melbourne
Victory FC
Introduction
The timing of peak height velocity (PHV) may be associated with an increase in the risk of injury in
young football players. Players with an estimated age at PHV >13.9 y had higher injury incidence
compared to the remaining players, especially pre- and during PHV [2]. The difference in external load
experienced by less mature players has been suggested as a possible explanation for the higher injury
incidence, however limited information exists to confirm this hypothesis. Our aim was to quantify
differences in internal and external load between early/normal and late-maturing U15 academy
players during PHV.
Methods
Eight U15 players experienced PHV during the 2017/18 season. Players were divided into two
categories, early/normal maturers (age at PHV <13.9 y) and late maturers (age at PHV >13.9 y). A total
of 502 individual sessions (training and games) were analysed (early/normal maturers=344, late
maturers=158). PHV was assessed monthly via the maturity offset method [1]. Internal load was
assessed via session ratings of perceived exertion (sRPE) and heart rate TRIMP. External load was
assessed via tracking system (Team Pro, Polar). Total distance, distance in relative speed bands,
number of sprints (efforts >19 km.h-1), number of accelerations/decelerations in relative bands, and
accelerometer-derived training load were measured. Differences between groups were assessed via
percentage differences, effect size  90% confidence intervals, and magnitude-based inference
statistics.
Results and Discussion
There was a moderate, most likely substantial difference between the late- and early/normalmaturers group for: distance > 80% of max speed (9875 vs. 5454 m, 81.1%, ES 0.800.17); distance
60-80% of max speed (274169 vs. 167107, 64.1%, 1.000.19); sprints (8.35.3 vs. 4.53.9, 84.4%,
0.960.17); accelerations >80% of max (6.24.2 vs. 3.93.4, 59.0%, 0.700.17); accelerations 60-80%
of max (37.914.6 vs. 26.111.7, 45.2%, 0.930.16); decelerations >80% of max (10.05.9 vs. 5.44.2,
85.2%, 1.090.18); and decelerations 60-80% of max (38.917.0 vs. 29.412.6, 32.3%, 0.750.17).
Conclusion
Late maturers may experience higher external load, especially arising from high-intensity efforts, than
their counterparts during PHV. This may simply be due to anthropometric differences or may be
influenced by impaired coordination during the growth period.
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SIDE VOLLEY IN SOCCER – BIOMECHANICS OF THE FLYING KICK AND ITS COACHING KNOW-HOW FOR
PRACTITIONERS
Gongbing Shan - Department of Kinesiology, University of Lethbridge, Alberta, Canada
Xiang Zhang - Department of Physical Education, Xinzhou Teachers’ University, Shanxi, China
Introduction
Side Volley is an airborne kicking technique. The acrobatic skill has created breathtaking moments and
cherished memories for players and fans. A classic example is Wendell Lira (Brazil) superb Side Volley,
winning the 2015 FIFA Puskás Award. In Euro 2016, Xherdan Shaqiri (Swiss) Side Volley was selected as
the best goal of the tournament. Regrettably, a scientific study on the skill has not been found in
literature. Relying on talent of athletes to improvise on the fly can hardly be considered a viable
learning strategy. This study tried to fill the gap by quantifying factors contributing to the kick quality
for developing its coaching method.
Methods
Using 3D motion capture (VICON MX40, 12 cameras, 200 Hz) and full-body biomechanical modelling,
our study aimed to identify elements that govern entrainment of the skill by examining the jumping,
kicking and falling phases of its execution. Given the rarity of players who have acquired this skill, we
found only 3 subjects for the study. 12 trials were captured and quantified.
Results and Discussion
Motor sequencing during the first two phases can be characterized by analyzing the following keys: 1)
the trunk rotation of players during the jumping phase. 2) angle between thighs of players upon takeoff, 3) the whip-like control of the kicking leg during airborne, 4) timing between ball motion and
limbs’ coordination. In phase 3, dispersion of energy during falling is accomplished by sharing the load
using a sequence of partial landings. The novelty of the Side Volley is underscored by its rarity. The
rarity is both a product of perceptions that it is a high-risk, low return skill and by the fact that there is
a dearth of scientific research. Demystifying the biomechanical factors is crucial for its learning (Shan
et al., 2018).
Conclusions
The current study indicates that entraining Side Volley should focus on increasing the flexibility of the
hip, the efficiency of the whip-like movement of the proximal to distal acceleration of the kicking leg,
and the damping mechanism during falling. Accurate timing is vital for a successful kick and can only
be achieved through repetitive training. This underlines the need for athletes to learn a landing
sequence that minimizes risk of injury during practice. Therefore, training should begin with phase 3 –
mastering a safe falling.
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CAN THE MEASUREMENT OF DECISION-MAKING ACCURACY THROUGH VIDEO-BASED TASKS
IDENTIFY SUPERIOR PERCEPTUAL COGNITIVE SKILLS IN TALENT IDENTIFIED AUSTRALIAN RULES
FOOTBALL PLAYERS?
Andrew Sharp - School of Science and Health, Western Sydney University, Australia & Greater
Western Sydney Giants Australian Rules Football Team, Australia
Kylie Steel - School of Science and Health, Western Sydney University, Australia & The MARCS
Institute, Western Sydney University, Australia
John Quinn - Greater Western Sydney Giants Australian Rules Football Team, Australia
Sera Dogramaci - New South Wales Institute of Sport, Australia.
Clare MacMahon - School of Health, Human Services and Sport, La Trobe University, Australia
Introduction
Despite the acknowledged importance of perceptual-cognitive skills for expert performance (e.g.,
decision-making), they are rarely considered in the talent identification processes for sport. As a
result, athletes with advanced perceptual-cognitive skills but deficits in trainable movement execution
skills may be excluded from the opportunity to engage in skill enhancement programs. Therefore, the
purpose of this study was to investigate differences in decision-making accuracy between talentidentified (TI) and non-talent-identified (NTI) players when using a video-based method.
Methods
Talent-identified athletes from an Australian Rules football academy (n=15; m age 16.5±0.7 years) and
non-talent-identified athletes from an amateur football club (n=15; m age 17.0±1.2 years) volunteered
to participate in this study. Participants completed a video decision-making task, similar to that used
by Lorains, Ball, and MacMahon (2013), consisting of 15 clips sourced from game-day footage. The
task involved selecting where they would place the ball if in possession, with a score of “3, 2, 1 or 0”
given for responses. A mixed linear effects model was conducted to analyse differences in decision
making accuracy.
Results and Discussion
Results revealed the TI group tended to perform more accurate decisions than the NTI group
(60.4±8.28% vs 54.5±9.50%), although this was not significantly different between the groups
(p=0.079, F=3.318). The TI group also tended to choose the most ideal (3-point) option for 33.8±10.5%
of all videos, compared with 28.0±12.6% for the NTI group, although this was not significantly
different.
Conclusions
Decision making tends to be more accurate with TI players when compared to NTI players, though not
significantly different. It is possible that the NTI players, while skilled at this task, are overlooked due
to other deficits in their game which selectors deem too time consuming to develop.
References
Lorains, M., Ball, K., & MacMahon, C. (2013). An above real time training intervention for sport
decision making. Psychology of Sport and Exercise, 14(5), 670-674.
Presentation Theme: Elite Academies: Challenges, Controversies, Successes
Keywords: Decision Making, Perceptual-cognitive skill, Australian Football

DIFFERENCE OF SPEED, ACCELERATION, DECELERATION ABILITY BETWEEN SENIOR AND U-18
JAPANESE FEMALE FOOTBALLER.
Kenichi Shibukawa - Toho University, Japan
Introduction
Speed ability is one of the most important physical abilities for footballers. GPS and Video Tracking
system has made it possible to measure speed abilities including movement speed, acceleration and
deceleration. Though currently focused on this topic, little research has been conducted on female
footballers’ speed abilities. The aim of this study is to find characteristics of speed abilities of female
football player at different competition levels.
Methods
25 senior female footballers (24.2±1.7 age, Japan women’s league Division1 : SP) and 31 U-18 female
footballers (17.1±0.4 age, competitive level : UP) joined this study. Practice games (SP=4, UP=5) were
targeted for analysis. The players put on a portable GPS (GPSports, SPI-Pro X) for measured, and the
analysis was done by software (Team-AMS). Since SP and UP adopt different match times, data were
collected only from the first 30 minutes of the games. Mann-Whitney U test was used to examine
difference in [1] Total Distance(m), [2] Maximum speed(km/h), [3] percent of running speed zone
(S1:0~6, S2:6~12, S3:12~16, S4:16~18, S5:18~20, S6:20~23, S7:23≦(km/h)), [4] Number of
acceleration (A1:1~2,A2:2~3, A3:3≦(m/s/s)) and number of deceleration (D1 : -1~-2, D2:-2~-3, D3:3≦(m/s/s)), with SPSS ver19.0. Significance was set at p<0.05.
Results
[1] Significant differences were not seen between SP and UP (3698±321 vs 3576±375). [2] SP was
significantly higher than UP (25.3±2.7 vs 24.3±1.3). [3] In S2, UP was significantly greater than SP
(46.0±7.2 vs 43.3±3.6). In addition, in S4 (6.0±1.5 vs 5.0±1.4), S5 (3.6±1.1 vs 2.7±1.2), S6 (2.3±1.2 vs
1.5±0.7), S7 (0.9±0.9 vs 0.4±0.5), SP was significantly greater than UP. [4] In A3 (8.2±3.9 vs 6.4± 3.1)
and D3 (14.5±5.4 vs 11.7±6.2), SP was significantly greater than UP.
Discussion
These data show that about UP, low speed running was greater than SP although middle to high speed
running in addition to high intensity acceleration and deceleration was less than SP. But, it is not
significant difference in total distance. It was suggested that high speed running (including sprint) and
sudden turns are important for UP training.
Conclusion
By measuring female footballers’ speed abilities at different competition levels, it was found that
difference in speed ability by the difference in competition level became clear.
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CHANGE IN SOCCER PLAYERS’ DIRECT SHOT PERFORMANCE WITH A ROLLING BALL AT DIFFERENT
VELOCITIES
Hironari Shinkai - Tokyo Gakugei University, Ryo Iwasaki - Tokyo Gakugei University, Koichiro Inoue Yamagata University, Hiroyuki Nunome - Fukuoka University
Introduction
In a soccer game, players mostly kick a moving ball instead of a static one. To date, almost all
biomechanical studies of ball kicking have been conducted using a static ball or a slow-rolling ball
(Fabio et al. 2010). This study aimed to clarify the change in players’ performance in terms of directly
kicking a rolling ball in various conditions, including high velocity.
Methods
Nine male varsity soccer players participated in this study. They shot static and rolling balls from the
front by their instep with full effort aiming at the centre of the goal that was 13 m ahead. In addition
to the static ball condition, there were three other conditions with different velocities of a rolling ball:
low (4.7±0.3 m·s-1), middle (6.6±0.3 m·s-1), and high (8.6±0.5 m·s-1). Kicking motion and ball arrival
point were captured using a motion capture system (240 Hz) and a video camera, and three trials per
person and per condition (total 108 trials) were analysed. Ball velocity, ball accuracy (the distance
from the centre of the goal to the ball arrival point), and lower limb motion were compared among
the four conditions.
Results and Discussion
The velocity of the kicking foot just before ball impact in the static condition was significantly higher
than that in the other rolling conditions (static: 15.9±0.7 m·s-1, low: 15.2±1.0 m·s-1, middle: 15.1±0.9
m·s-1, high: 15.1±1.5 m·s-1). On the other hand, ball velocity in the static condition was significantly
lower than that in the low and middle conditions (static: 26.1±1.3 m·s-1, low: 27.1±1.9 m·s-1, middle:
27.2±1.5 m·s-1, high: 26.9±2.4 m·s-1). In general, producing greater ball velocity by kicking in faster
rolling conditions can be expected by utilizing the momentum of the rolling ball; however, there was
no difference in ball velocity among the three rolling conditions. The reason for this result was
considered to be energy loss at ball impact due to foot deformation caused by the shift of the foot
impact point on the ball. In fact, the coefficients of restitution (an index of ball impact efficiency) in the
middle and high conditions that involved difficulty in obtaining adequate ball impact were significantly
lower than those in the static and low conditions (static: 0.93±0.05, low: 0.89±0.08, middle: 0.83±0.05,
high: 0.78±0.08). Ball distributions in all conditions were sloped from right to left, and ball accuracies
in the middle and high conditions were significantly lower compared with that in the static condition
(static: 1.37±0.64 m, low: 1.64±0.83 m, middle: 2.19±1.20 m, high: 2.49±1.42 m). In the case of instep
kicking, a player usually inclines his/her kicking foot at impact, and ball arrival point tends to be
distributed diagonally by such kicking.
Conclusions
With an increase in the rolling velocity of the ball from the front, ball launching velocity does not
always increase, while ball accuracy decreases.
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TEAM SYNCHRONY IN SEMI-PROFESSIONAL WOMEN’S RUGBY LEAGUE: MOVING BEYOND PHYSICAL
AND TECHNICAL DEMANDS TO QUANTIFY TACTICAL BEHAVIOUR DURING MATCH-PLAY
Kathleen Shorter - University of New England, Cloe Cummins - University of New England; Leeds
Beckett University, Glen Charlton - University of New England, Aron Murphy - University of New
England
Introduction
Research within rugby league has primarily focused on physical and technical demands of match-play
of individual players and positional groups however the quantification of tactical team dynamics is yet
to be elucidated. Cluster phase analysis (CPA) has been applied within other sporting contexts as a
method to quantify team synchrony; with a value approaching 1 indicative of near perfect
synchronisation and therefore greater tactical team cohesion. Therefore, the aim of this study was to
apply CPA to rugby league match-play to establish if such an approach could be utilised to quantify
tactical team behaviour.
Methods
Twenty-two semi-professional female rugby league players representing one team participating in the
three-day 2018 women’s rugby league national championships were monitored during match-play
using GPS devices (GPSports, Canberra, Australia). Following match participation, all data were
processed using TeamAMS so that only data obtained during match-participation were retained for
analysis. Tactical behaviour within each set of play was quantified using team synchrony through CPA
(Richardson et al. 2012) within Matlab 2016B via 2D positional data. Video analysis of match footage
enabled periods of play to be characterised based on team possession and game events. Statistical
analysis was undertaken within SPSS Version 24.
Results and Discussion
Across the competition greater team synchrony was associated with movement longitudinally (0.95 ±
0.06) compared to laterally (0.70 ± 0.18) regardless of possession in keeping with previous research.
Team synchrony laterally demonstrated a significant difference (p=0.032) in defensive sets when
conceding a try (0.89 ± 0.06) compared to without (0.70 ± 0.21), that was not observed either in attack
or; longitudinally regardless of possession. This suggests greater synchrony may be detrimental in
defence resulting in tactical inflexibility when trying to adapt to opposition play that is equally more
predictable in nature and therefore potentially easier for opposing teams to deconstruct.
Conclusion
Preliminary findings suggest that CPA could enhance current performance analysis techniques to
provide a more comprehensive understanding of team tactical demands.
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SEX-DEPENDENT EVALUATION OF FOOTBALL AS MEDICINE FOR 55-70-YEAR-OLDS WITH
PREDIABETES
May-Britt Skoradal - University of the Faroe Islands
Introduction
Studies indicate that men and women may differ in the response to exercise training. Thus, we
investigated gender-specific in intensity and broad-spectrum health effects of football in 55-70-yr-olds
with prediabetes.
Method
Participants with prediabetes (n=50; age; 60±1 yrs, BMI; 29.6±0.7; VO2max 22.3±0.8 ml·min-1·kg-1)
were randomised into a football and dietary advice group (FD-men; n=13 and FD-women; n=14) and a
dietary advice group (D-men; n=12 and D-women; n=11). FD performed football training twice weekly
for 16 wks, while both groups received dietary advice. Pre and post intervention body composition (by
DXA scanning), resting blood tests for bone markers and lipid profile, blood pressure and maximal
oxygen uptake (VO2max) were determined and, an oral glucose tolerance test (OGTT) was completed.
Results and Discussion
In FD, VO2max increased more (P<0.05) in FD-men and FD-women (2.6±2.7 and 4.4±2.2 ml·min-1·kg-1,
respectively) than D-men and D-women (0.7±2.6 and 0.2±2.0 ml·min-1·kg-1). Relative delta change in
VO2max was 21±14% in FD-women, which was greater (P<0.05) than in FD-men (11±12%). In FD, the
reduction in systolic and diastolic blood pressure, respectively, were similar in FD- men (-10.8±13.0
and -7.3±11.8 mmHg) and FD-women (-11.3±11.0 and -7.1±6.2 mmHg), with within-gender differences
for the men, with no BP effect in D-men (1.6±14.7 and 0.4±9.2 mmHg). In FD, total plasma cholesterol
and LDL cholesterol was reduced by -0.7±1.1 and -0.5±0.9 mmol·L-1 in FD-women and -0.2±0.4 and 0.2±0.3 mmol·L-1 in FD-men, with no significant gender-differences (P=0.08). Body fat content was
lowered by 3 and 4%-points in FD-men (28±5 to 25±7%) and FD-women (43±3 to 39±4%), respectively.
LBM increased (P<0.05) in FD-men (0.6±1.0 kg) and FD-women (0.7±1.8 kg) with greater change score
than the D-groups. Femur neck and shaft BMD increased (P<0.05) in FD-men (2.5±2.7 and 3.4±4.0%)
and FD-women (3.9±3.2 and 1.8±1.8%) with greater (P<0.05) change score than D-men and D-women,
respectively.
Conclusion
In conclusion, football training combined with dietary advice causes broad-spectrum health effects for
55-70-yr-old men and women with prediabetes. The effects of the football treatment only showed
some sex-specific differences with women having a greater relative change in maximal oxygen uptake
than men, emphasizing that intensity and training-induced effects of football training are also high for
elderly women with prediabetes when taking part in gender-mixed settings.
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EXPERIENCED PLAYERS UTILISE DIFFERENT PELVIC AND KICK LEG KINEMATIC STRATEGIES TO
GENERATE FOOT VELOCITY IN SOCCER INSTEP KICKING.
Simon N. Augustus - Institute of Sport, University of Chichester, Chichester, UK
Penny E. Hudson - Institute of Sport, University of Chichester, Chichester, UK
Neal A. Smith - Institute of Sport, University of Chichester, Chichester, UK
Introduction
Production of a fast foot velocity at the instance of ball contact is essential for performing kicks for
maximal velocity. It is therefore necessary to understand how a player organises kinematic
sequencing of the kick leg to generate foot speeds. Previous research has identified that skilled AFL
players exhibit either a hip or knee dominant strategy (Ball, 2008), but it is unknown if these findings
also apply to soccer. The proximal-to-distal sequencing of these segments also emanates from pelvic
rotation (Inoue et al., 2014), but it is not known if pelvis kinematics also varies between kickers. We
subsequently aimed to determine if different pelvic kinematic strategies exist in experienced soccer
players.
Methods
Eleven experienced soccer players performed instep kicks for speed and accuracy, and full-body
kinematics were recorded using 3D motion analysis (1000Hz). Pelvic angular velocities (tilt and axial
rotation) and kick leg hip and knee flexion-extension angular velocities were calculated and timenormalised between the instances of kicking foot take off and ball contact. Resultant foot velocity
was also determined at the start of ball contact (BCS). An exploratory analysis was performed
whereby participants were grouped according to pelvic rotation strategy. Dependent variables were
then compared between these groups.
Results and discussion
Two distinct patterns of pelvic axial rotation emerged. Five participants exhibited a strategy whereby
a large peak (300-400°/s) was obtained at 70-80% of kicking motion before ‘reversing’ to value close
to 0°/s at BCS. The other six exhibited a strategy whereby a smaller peak velocity was obtained
following touchdown (100-300°/s), and this level of rotation was ‘maintained’ until BCS. Foot
velocities at BCS were not different between these groups (18.5 ± 0.6m/s vs 18.2 ± 0.7m/s, ES=
0.46), but ‘maintainers’ displayed greater hip flexion velocity (93 ± 30°/s vs 59 ± 36°/s, ES: 1.1) and
‘reversers’ greater knee extension velocity at BCS (1900 ± 125°/s vs 1805 ± 120°/s, ES: 0.77). It seems
logical to extend Ball’s (2008) classifications to include that pelvic axial rotation ‘maintainers’
correspond to those utilising a thigh strategy, whereas pelvic ‘reversers’ exhibited a more knee
dominant strategy.
Conclusions
Experienced soccer players perform instep kicks for maximal speed and accuracy with differing pelvic
and kick leg kinematic strategies. Coaching practitioners should tailor technical and strength and
conditioning practices for the individual. Researchers should be aware that group-based analyses
could mask important variations in kicking technique, and more individual-based analyses may be
warranted.
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PUTTING THE BALL INTO FOOTBALL SCIENCE: IMPROVING FOOTBALL ACADEMIES AND TALENT
IDENTIFICATION USING ANALYSES OF TECHNICAL SKILL
Robbie Wilson - University of Queensland, Nicholas Smith - University of Sydney
Introduction
Soccer requires individuals to play specifics team roles, or positions, so that strikers, midfielders, and
defenders undertake entirely different activities in a match or similar activities with varying frequency.
As a result, the traits that drive success for each position are likely to be different. Yet scientific
approaches to talent identification are usually based on a “one-size-fits-all” approach that does not
account for the many pathways to success in a soccer team and there is an over-emphasis on speed,
strength and fitness at the expense of technical skill.
Methods
Here, we take a novel, targeted approach to talent identification and development by quantifying the
relative importance of technical skill (e.g. dribbling, passing, control, balance) and physical
performance (speed, strength, agility and endurance) to success in custom-designed games that
emphasised either defensive, midfield or attacking play. We used players from an elite junior academy
in Brazil across 7 different studies, where individual performance was assessed in g 1 v 1 attacking
games and 1 v 1 plus GK attacking games (attacking); 4 v 3 possession games, 3 v 1 possession games,
and 3 v 3 games (midfield); and 1 v 1 defensive games and 3 v 1 possession games (defending).
Results and Discussion
In each case, we found that the technical rather than athletic traits best predicted the game success of
individual players. However, each technical trait varied in its importance according to the type of game
activity being undertaken. For example, dribbling along curved pathways predicted greater than 70%
of the variance in individual attacking play, while midfield games were more closely associated with an
individual's ability to pass and control the ball.
Conclusions
Taken together, our skill and athletic assessment protocol can identify the strengths and weakness of
individual players and provide a prediction of their performance in specific attacking, midfield and
defensive play. We suggest that elite junior academies should be investing in the science of technical
skill, which is still under represented in the scientific literature. Our work also takes an important first
step towards a comprehensive, theory of soccer that acknowledges the multiple pathways to success
and, as a result, enhances talent identification protocols.
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EVALUATION OF A CLINICAL CUT-OFF OF MAXIMAL NORDIC STRENGTH AS A RISK FACTOR FOR
HAMSTRING INJURY IN PROFESSIONAL AUSTRALIAN FOOTBALL PLAYERS
Nigel Smith - Griffith University, Melinda Franettovich Smith - The University of Queensland,
Julie Hides - Griffith University
Introduction
Hamstring injuries are prevalent in all codes of football, including the Australian Football League (AFL).
One risk factor for hamstring injuries that has been previously identified is maximal Nordic strength.
Football players with a test result of <279N were reported to have an increased relative risk (4.3-fold)
of hamstring injury (Opar et al 2015). This risk factor is yet to be evaluated in an independent sample
and was the aim of this study.
Methods
Three professional AFL teams participated in this study. Each player underwent maximal strength
testing on the Nordbord (Vald Performance, Brisbane Australia) at the end of the preseason (n=113).
The team physiotherapists recorded hamstring injuries during the playing season. Maximal Nordic
strength on the right and left limbs was dichotomised according to the previously reported cut-off (<
or >279N). A chi-square test was conducted to evaluate if Nordic strength was related to a season
hamstring injury (yes or no). An independent samples t-test was also conducted to compare maximum
Nordic strength between players who sustained a season hamstring injury with those who did not. A
P-value of 0.05 was set for all tests.
Results and Discussion
The mean (SD) Nordic strength for the right and left limbs at the end of the preseason was 415 (95)N
and 403 (92)N respectively. 10 players had maximal Nordic strength scores below the cut-off and were
therefore deemed “at risk” of hamstring injury. However, the results of the chi-square test indicated
that strength was not related to the occurrence of hamstring injuries (R:0.456, L:0.710, p>0.05). All 13
players who sustained a hamstring injury had preseason maximum Nordic strength scores >279N
(mean for injured limb 445 (76)N; uninjured limb 443 (68)N). Preseason maximum Nordic strength was
not different between players who did and did not go on to sustain a hamstring injury (p>0.05).
Conclusions
In an independent cohort of professional AFL players, preseason decreased Nordic strength was not
associated with an increased risk of a season hamstring injury. None of the players below the
previously determined clinical cut-off sustained a hamstring injury. The results suggest that screening
for maximal Nordic strength in the preseason, and intervening on players below the clinical cut-off
with an aim of increasing strength to decrease the risk of injury would not have been beneficial in the
cohort tested.
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Introduction
Hamstring muscle strains is commonly acknowledged as multifactorial but re-injury is the most
important cause. Previous studies showed that kinematic analysis provides a global external insight
but fails to apprehend musculoskeletal solicitations (Thelen et al., 2006). Musculoskeletal modelling
allows a better understanding of how anatomical structures function and interact during movement
and can help assisting clinicians and therapists in term of diagnosis and treatment of musculoskeletal
pains (Delp et al., 2007). This study aimed to combine a new functional test with a musculoskeletal
approach to evaluate the risk of hamstring injury.
Method
12 elite footballers (24±4y, 183±12cm, 85±12kg) volunteered to participate in the study. Participants
were initially standing in front of 4 targets arranged on the ground with an angle of 15° and 50° on
either side of the anteroposterior direction. Each trial consisted in reaching the target that were
randomly switched on as fast as possible. To validate a trial on the left/right side, participant had to
approach his ipsilateral hand less than 30cm from the target while keeping his ipsilateral leg stretched
out, toes raised (4 repetitions per target). Experimental joint kinematics were recorded and served as
input data of a musculoskeletal model. The model was scaled to match the participant’s
anthropometry. Joint angles and hamstring muscle lengths were estimated. Muscle lengths were
normalized by anatomical muscle length resulting from the scaling. At the peak of the maximum
length of the biceps femoris, hip and knee angle were analyzed.
Results and Discussion
Results showed that biceps femoris was stretched to 150±2% of its initial length during the two
conditions of the test (15° and 50°). The peak of muscle length occurred at 100.4±5.7° and 99.8±5.6° of
hip flexion angle and 40.6±6.9° and 36.2±8.0° of knee flexion angle respectively for condition 15° and
50°. In 50° condition, results showed that knee was more extended than in the 15° one (p < 0.05)
without increasing the maximum stretch of the biceps femoris (p > 0.05).
Conclusion
The combination of a hamstring functional test and musculoskeletal modelling provide an additional
tool to the medical and physical tests carried out during the season. This combined approach could
help better understand the risk of hamstring injuries among soccer players.
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Introduction
Tibial stress syndrome (TSS) is a common lower extremity overuse injury in relation to excessive or
repeated sports practice which can lead to a fatigue fracture. The etiology is generally multifactorial
but several studies have suggested that a modification of the kinematics could increase muscle/joint
load on tibia (Akiyama et al., 2015). A validated reactive agility test (RAT) associated with a kinematic
and dynamic analysis was developed (Sorel et al., 2017) to monitor the performance of professional
soccer players three times a season. Recently, one player suffered from an anterior stress tibial
fracture of the left shin, requiring surgery (bone grafting of the lesion and intramedullary nailing of the
tibia). The aim of this case study was, for the first time, to examine the impact of this injury and its
surgical treatment on the lower limbs kinematics during the RAT.
Method
One professional soccer player (22y, 176cm, 72kg) participated in the case study. Five sessions of the
RAT were recorded during one season: 2 sessions before the injury, 1 during the injury and 2 after the
surgical treatment. The RAT consisted in a multidirectional turn test where the participant had to
reach as fast as possible 1 out of 4 corner targets (forward left and right turns and backward left and
right turns) after a countermovement jump following instructions displayed on a front screen (Sorel et
al., 2017). Each turn direction was performed 3 times. Experimental joint kinematics were recorded
and lower limb joint angles were computed during each session.
Results
During injury, time between jump reception and first left foot contact was 1.5 times longer on forward
left turn. Moreover, an additional subtalar internal/external rotation (range 25±7°) was systematically
observed after reception and before first foot contact. Finally, kinematics of ankle and subtalar joints
were modified between sessions before and after injury.
Discussion
Results confirmed that TSS impacted the kinematics of injured limb (left side) in terms of stance
duration and rotations during the injury but also between before and after injury sessions. Backward
turns would be an interesting perspective of this work.
Conclusion
This case study provides key new insights about the impact of TSS on kinematics of ankle-foot
complex. The longitudinal monitoring of professional soccer players could help clinicians better
understand the pathomechanism of this injury and its recovery.
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MODELLING THE RISK AND REWARD OF PASSING OPTIONS IN THE AFL
Bartholomew Spencer - Victoria University, Karl Jackson - Champion Data, Tim Bedin - Champion
Data, Sam Robertson - Victoria University
Introduction
A decision that increases a team’s scoring probability by x is sub-optimal if there exist alternatives
that would increase it by y, where y > x. We present a method for calculating the value of a player’s
passing options through consideration of their risk (chance of retaining possession) and reward (field
equity). The former is quantified via modelling a team’s spatial dominance relative to their
opponent. Dominance of individuals is measured using motion models produced from the
probability distribution of player commitment to contests, hence reflect the behaviour of players
during moments of importance.
Methods
Player tracking data was collected over two seasons of the AFL. Player dominance at a location is
estimated as the probability they would commit to a contest, calculated from the weighted
probability density functions (via kernel density estimation) of contest locations that were
committed to and those that were not. Contest location is recorded relative to player location and
orientation, and the process is performed for different velocity and time intervals. Field equity
(Jackson, 2016) is added to prioritise options that improve scoring chance. Additional considerations
include kicking accuracy, opponent equity and players’ optimal receiving locations. The resulting
model values the options available to a player and is used to analyse the characteristics and
predictability of their decision-making.
Results and Discussion
The value of player decisions (in the range [-1, 1]) was predicted using a Random Forest (RF) trained
on spatial features, producing a MSE of 0.09. A RF, fit on relative player locations, classified player
commitment to contests in 87.4% of cases (n=7320). Analysis of individual decisions (n=2125)
revealed a trend towards shorter kicks of lower dominance (21.7m±12.2m & 0.47±0.25) compared
to those identified as optimal by the model (34.0m±10.9m & 0.61±0.25).
Conclusion
We present a new method for defining a player’s spatial dominance in team sports. Consideration of
prior commitments better reflects the likelihood that a player will reposition when compared to
models fit on average behaviours. Our primary application is in the analysis of player decisionmaking where dominance and field equity are used to measure the probability and value of a
successful pass.
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Introduction
Calf muscle injuries (CMIs) account for 13% of all lower limb muscle injuries in professional football
and cause a substantial amount of absence (Ekstrand et al, 2011). In order to develop a successful
injury prevention strategy, it is important to initially understand the inciting events of the injuries and
the circumstances in which they occur (Bahr and Krosshaug, 2005). The purpose of this study was to
use video material to investigate the role of (i) playing situation, (ii) player behaviour and (iii) playeropponent interactions immediately prior to CMIs sustained by male professional football players
during match-play.
Method
Publicly available information was used to retrospectively identify 110 non-contact CMIs sustained in a
club or international competition, by players affiliated with German and English clubs between 20102018. 24 of the CMIs had an acute onset clearly visible on video material collated from an online
database (www.wyscout.com) and were included in subsequent analysis. A standardised form
modified from various counts of previous research, was used to analyse the playing situation, player
behaviour and player-opponent interactions of the 24 CMIs.
Results and Discussion
Fifteen of the 24 CMIs (63%) occurred during a ‘movement transition’, (e.g., ‘change of direction’,
‘acceleration’, ‘deceleration’ or a ‘jump’. Six (25%) CMIs were sustained during a ‘kicking’ action and
three CMIs (13%) fell under other categories. All ‘movement transitions’ were initiated as a reaction to
external stimuli (e.g., opponent behaviour or ball movement).
Five (21%) CMIs occurred while the player was ‘out of balance’ and a further 5 (21%) CMIs happened
following interaction with an opponent, immediately prior to or directly within the stride of injury.
Collectively these data support the belief that CMIs transpire as a result of compromised movement
patterns following unsystematic patterns of play.
Conclusion
The results have identified the typical playing situations which occur immediately prior to CMIs.
Further biomechanical exploration is required to understand whether the inciting events lead to knee
extension and ankle dorsiflexion, a movement that has been identified as a CMI mechanism in other
sports. This will provide essential information for the development of future CMI prevention
strategies.
References
Ekstrand, J., Hagglund, M., & Walden, M. (2011). Injury incidence and injury patterns in professional
football: the UEFA injury study. British Journal of Sports Medicine, 45(7), 553-558.
Bahr, R., & Krosshaug, T. (2005). Understanding injury mechanisms: a key component of preventing
injuries in sport. British Journal of Sports Medicine, 39(6), 324-329.
Presentation Theme: Player Health and Wellbeing
Keywords: Injury mechanisms, Video Analysis, Soccer muscle injuries

QUANTIFYING THE TECHNICAL SKILL DEMANDS IN ELITE MEN'S AUSTRALIAN RULES FOOTBALL FROM
PRE-SEASON TO IN-SEASON TRAINING AND COMPETITION.
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Club, Corey Wedding - Gold Coast Suns Football Club; Bond University, Malin Westin - Gold Coast
Suns Football Club; Bond University, Justin Keogh - Bond University, Nikki Milne - Bond University
Introduction
This study aims to quantify the technical skill demands of key performance indicators (KPI) for a
professional Australian football (AF) team through pre-season training, the 5-week preseason
competition and into the first 5 weeks of the competitive Australian Football League (AFL) season.
Methods
Technical performance indicators were coded by type of disposal, time in possession and disposal
distance using SportsCode 10.3.31. Player data were grouped by session and compared between the
15-week non-competition phase of pre-season training, the 5-week preseason competition phase and
the 5-week in-season block of the AFL season. Comparisons were made between training (T1 =
preseason training block 1, T2 = preseason training block 2, T3 = preseason training block 3, T4 = inseason training block) and competition (M1 = preseason matches, M2 = in-season matches) for two
key performance variables; Kick and Handball efficiency. A series of additional dependant variables
within each technical performance variable were also compared for relative frequency; possession
time and disposal distance.
Results and Discussion
Kick totals (T1=1646; T2=3484; T3=1570) and kick efficiency (T1=81.5 %; T2=82.2 %; T3=84.6 %)
showed significant differences through the preseason training blocks. Match kick efficiency (M1=
61.7%; M2=69 %) and kicks/min (M1=1.7/min; M2=1.9/min) were significantly lower than training
(T3=7.4/min; T4=12.7/min) during the same phase of the season. 0-1s kicks were significantly different
between T1 and M1 (mean diff -10.1) T1 and M2 (mean diff -12) T2 and M1 (mean diff -10.4) T2 and
M2 (mean diff -12.3). Relative kick disposal times were significantly different across two disposal
times; 1-2s kick between T1 and M1 (mean diff 19.7), T1 and M2 (mean diff 24.8), T2 and M1 (mean
diff 15.4), T2-M2 (mean diff 20.5); and 4+s kicks between T1 and M2 (mean diff -14.8), T2 and M2
(mean diff -11.9). Relative contribution of handball times to total handballs were significantly different
across three variables; 0-1s handballs between T1 and M1 (mean diff -24.2), T1 andM2 (mean diff 29.28), T2 and M1 (mean diff -14.91) T2 and M2 (mean diff -19.99); 1-2s handballs between T1 and M2
(mean diff 16); and 2-4s handballs between T1 and M2 (mean diff 12.2)Significant differences were
found for handball possession times and handball distances between training and matches, though
there were no significant differences for handball efficiency between training and games.
Conclusion
Kick and handball loads vary significantly through the changing phases of preseason and early inseason training. The difference between the technical loads of training and the demands of
competition are quantifiable and should be considered in the selection and design of training to best
prepare AF players for competition.
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STUDY ON ATTACK USING THE GAP BETWEEN DEFENDERS AND MIDFIELDERS IN SOCCER: TARGETING JLEAGUE AND GERMANY’S BUNDESLIGA
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Introduction
Suzuki et al. (2018) reported that attacks that take advantage of the gap between the opponent’s
defenders and mid-fielders (DF–MF gap) more likely lead to scoring opportunities than do side attacks or
attacks that do not use the DF–MF gap. In addition, when compared with Bundesliga (BL), J-League (JL)
seems to have a lower rate of play in which the player who has received the ball in the DF–MF gap moves
it toward the goal, and the percentage leading to scoring opportunities is also lower. This study focuses
on attacks using the DF–MF gap and examines in greater detail characteristics of JL and BL.
Methods
We conducted notational analysis targeting 64 games: 32 each in JL (2016 Season) and BL (2016/17
Season). In these games, the top four teams and the bottom four teams played against each other.
Targeting attacks in which the offensive was based on a pass in the DF–MF gap. Based on Suzuki et al.
(2018) and Hirashima et al. (2014), we found 11 items, including players passing to, receiving passes in,
and receiving passes from the DF–MF gap. A chi-square test was performed for statistical analysis.
Result and Discussion
In JL, the rate was significantly higher in top teams when compared with lower-ranked teams with respect
to play in which players who received the ball in the DF–MF gap moved it toward the goal (68% vs. 57%,
p<.01) and with respect to the percentage of players who received a pass from the DF–MF gap receiving
the ball relatively close to the goal (13% vs. 8%, p<.01). For BL, the success rate of the player who
received the ball in the DF–MF gap was significantly higher for top teams than it was for lower-ranked
teams (66% vs. 55%, p<.01). Therefore, in JL plays in the DF-MF gap, one difference between the top
teams and lower-ranked ones was the number of plays in which the ball was moved toward the goal.
Meanwhile, in BL, play success rate was considered to be a difference between top and lower-ranked
teams.
Conclusion
The number of plays in which the ball was moved toward the goal in JL and the quality of play in the DF–
MF gap in the case of BL are linked to the difference between the top teams and lower-ranked ones. This
circumstance might be characteristic of the respective leagues.
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LONGITUDINAL CHANGES IN STRESS AMONG COLLEGIATE SOCCER PLAYERS DURING A COMPETITIVE
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Introduction
In soccer coaching, monitoring stress experienced by athletes is considered vital for their psychological
and physical well-being. Athletes are under substantial stress and pressure to be successful. Taking
these into account, it seems necessary to seek the effective way to monitor stress condition of
athletes and investigate how it changes during a competitive season. The primary purpose of this
study, therefore, was to develop Mental Condition Evaluation Sheet (MCES) and examine its reliability
and validity. The secondary purpose of this study was to evaluate longitudinal changes in the stress
experienced by collegiate soccer players during a competitive season.
Methods
138 Japanese collegiate soccer players (male=98, female=40) participated in Study 1, and 25 collegiate
female soccer players in Study 2. For achieving the secondary purpose, MCES as a psychological
indicator and cortisol awakening response (CAR) as a biological indicator of stress were adopted. MCES
consists of 15 items and requires only few minutes for completion. It also enables players to fill in on
the pitch before or after the training. Once a week, for 4 consecutive weeks, players provided MCES
scores and saliva samples collected at 0 and 30mins after awakening.
Results and Discussion
The results of Study 1 provided sufficient reliability and validity for MCES. Total mental condition
(TMC) scores calculated in MCES were significantly correlated with burnout symptoms such as
physical/emotional exhaustion (r=-.43, p<.01), reduced accomplishments (r=-.58, p<.01) and sport
devaluation (r=-.44, p<.01). It can be considered from these results that MCES works as a useful
psychological indicator of athletes’ stress conditions.
The results of Study 2 highlighted the fact that the levels of stress and mental conditions perceived by
athletes change during a competitive season. TMC significantly increased from week 2 to week 3
(p=0.5) and decreased from week 3 to week 4 (p=.03), whereas CAR decreased from week 2 to week 3
(p=.03) and increased from week 3 to week 4(p=.002). This implies that increasing athletes’ mental
conditions may decrease their stress level. In addition, the results of the match held during a season
may impact athletes’ stress level to a great extent.
Conclusions
The present study extends previous findings of stress and CAR to Japanese collegiate soccer players.
For those who work with athletes should monitor stress level of athletes regularly and develop
intervention for increasing their mental conditions.
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Introduction
Ankle sprains account for 13% of traumas occurring in soccer (Roos et al, 2017). The recurrence rate is
over 70%, and chronic ankle instability lowers competition performance. However, since many players
have a very short time to return to sports (McKeon et al., 2014), there is a possibility that the
treatment after the ankle sprain has been neglected. Therefore, the authors conducted a
questionnaire survey to investigate the medical care and preventive measures that players performed
after the onset of the ankle sprain and to consider the preventive efforts that therapists can make.
Methods
A web-based questionnaire was completed by 694 volunteer college male soccer players in Japan. The
questions were constructed to identify any history of ankle sprain, the presence or absence of first aid
after the sprain, and the actions taken to prevent sprains. Ankle sprain was defined as a sprain that
restricts players’ physical activity for at least 1 day.
Results and Discussion
A total of 214 questionnaires were returned, and the response rate was 30%. Among the players, 166
(79%) had an ankle sprain at least once, of whom 124 (75%) performed first aid after their injury.
Regarding the prevention of sprains, most respondents (66%) answered that they were convinced that
ankle sprains could be prevented. However, only 27% of the players actually performed preventive
programs. In order to prevent the recurrence of ankle sprains, first aid by on-site trainers and
appropriate rehabilitation at medical institutions are indispensable. Finally, it is important for the
athlete himself to proceed with the preventive programs (e.g. taping, brace, and balance training). For
that, we must make efforts to directly inform the athlete of the importance of treatment after the
ankle sprain.
Conclusions
In this survey, it was found that there are many players given first aid and few players performed
training for prevention of ankle sprains. To reduce the ankle sprains of players, it is important for
therapists to make them practice preventive programs．
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AUTOREGULATION IN RESISTANCE TRAINING: A COMPARISON OF SUBJECTIVE VERSUS OBJECTIVE
METHODS
Jason Tee - Leeds Beckett University, Kevin Shattock - Leeds Beckett University
Introduction
Autoregulation (AR) is a resistance training periodization approach that adjusts training prescription in
response to individual rates of athlete adaptation (Mann et al., 2010). AR has been demonstrated to
be more effective than traditional linear periodization in inducing strength gains (Mann et al., 2010).
AR training prescription can make use of either subjective (rating of perceived exertion - RPE) or
objective (barbell velocity) intensity descriptors (Zourdos et al, 2016). The aim of this research was to
compare the efficacy of these two approaches in improving sport specific physical performance
measures.
Methods
Using a randomised crossover design, 20 amateur rugby union players completed two six-week blocks
of training with training intensity prescribed using either objective velocity based (VB) (measured
using the PUSHTM device) or objective RPE based intensity prescriptions. Training volume was matched
for both groups while training intensity was equivalent, but prescribed using either VB or RPE
measures. Performance measurements were countermovement jump (CMJ), 1RM back squat and
bench press, and 10, 20 and 40 metres sprint. Testing was conducted prior to, and immediately
following each training block. The likelihood that observed changes in performance measures were
meaningful was assessed using magnitude--based inference.
Results and Discussion
Both training programs induced practically meaningful improvements in CMJ (VB most likely +8.2,
±1.1%; RPE likely +3.8, ± 0.9%), back squat (VB most likely +7.5, ±1.5%; RPE possibly +3.5, ± 1.8%) and
bench press (VB most likely +7.7, ±2.1%; RPE possibly +3.8, ± 0.9%). Changes in sprint test performance
were very likely trivial for both programs. Objective AR programming resulted in larger improvements
in CMJ (likely 4.2, ±1.2%), squat (likely 3.7, ±1.5%) performance, and bench press (possibly 3.7, ± 1.5%)
performance.
Conclusions
AR periodization improved strength and CMJ, but not sprint performance. AR effects are augmented
through the use of objective intensity prescription.
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EFFECTIVE WORKING PROCESSES EMPLOYED BY A MULTIDISCIPLINARY TEAM TO REDUCE INJURY
OUTCOMES IN A PROFESSIONAL RUGBY LEAGUE ACADEMY
Jason Tee - Leeds Beckett University, Fieke Rongen - Leeds Beckett University
Introduction
Injury causation is a complex phenomenon that results from the interaction of a wide variety of risk
factors in a complex web of determinants (Bittencourt et al, 2016). Due to this inherent complexity,
the skills required to effectively reduce injury risk do not lie within a single domain of professional
practice. In professional team sport managing injury risk depends on the effective collaboration of
technical/tactical coaches, strength and conditioning coaches, sports medicine practitioners and sport
scientists within a multidisciplinary team (MDT), yet to date no research has examined how these
professionals might co-ordinate their efforts. The aim of this research is to examine the processes and
interactions utilized by a demonstrably effective MDT.
Methods
This research utilised a mixed methods design incorporating both quantitative and qualitative research
methods. The efficacy of the MDT was established by quantifying the injury burden (days lost to injury
per 1000 hours exposure) in a professional academy level rugby league team across two seasons.
Forty players (stature 178 ± 6 cm, body mass 89 ± 14 kg) representing the same academy rugby league
team were prospectively observed to determine injury burden. Semi-structured interviews were
conducted with all MDT members at the end of the second season, to determine each individual’s role
within the injury prevention process and how these were co-ordinated between disciplines. Interviews
were thematically analysed to provide insight into the approach adopted by the MDT.
Results and Discussion
The MDT achieved a 41% reduction in team injury burden during the second season (first season 3 450
vs. second season 1428 days/1 000 hours). This report assesses how this improvement in injury
burden was achieved by examining: (1) the processes and communication strategies adopted by the
MDT (both formal and informal), (2) the information that practitioners used to inform decision making
processes, (3) and the attitudes and values that allowed professionals from alternative disciplines to
work together as a coherent collective.
Conclusions
This research offers insights into “how” effective MDT’s work to achieve injury reduction, and the
models and processes presented will inform practice for other MDT’s working in sport.
References
Bittencourt, N.F.N., Meeuwisse, W.H., Mendonça, L.D., Nettel-Aguirre, A., Ocarino, J.M. and Fonseca,
S.T., (2016). Complex systems approach for sports injuries: moving from risk factor identification to
injury pattern recognition—narrative review and new concept. Br J Sports Med, 50:1309–1314
Presentation Theme: Player Health and Wellbeing
Keywords: Multidisciplinary, Qualitative, Injury

PEAK MATCH INTENSITIES OF ELITE FOOTBALL PLAYERS IN AUSTRALIA: EFFECT OF PLAYING
POSITION AND MATCH HALF
Bradley Thoseby - School of Allied Health, La Trobe University, Melbourne, Australia; 2. Melbourne
City Football Club, Australia
Andrew Govus - School of Allied Health, La Trobe University, Melbourne, Australia
Anthea Clarke - School of Allied Health, La Trobe University, Melbourne, Australia
Kane Middleton - School of Allied Health, La Trobe University, Melbourne, Australia
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Introduction
Historically, match analysis of football has reported total and average match running volumes and
intensities, which are limited in guiding training prescription. Recently, peak match running intensities
have been analysed across durations of 1-10 min, with such data best representing the “worst-case
scenario” of match play, enabling the physiological demands to be replicated in training. While total
match running variables have shown to decline between halves, it is unknown whether there is a
decline in peak match intensities. The present study aimed to quantify the peak match running
intensities of an elite football competition in Australia, and identify differences in these match running
intensities between playing positions and match halves.
Methods
Data were obtained from an elite football club (44 players) in the Australian Hyundai A-League over
three seasons (68 games, n=494 observations; 12±9 per player). GPS-derived measures of match
intensities (relative total distance, high-speed distance (>19.8 km·h-1) and average acceleration) were
identified, via the highest moving average, across discrete durations of 1-10 min. Linear mixed models
compared the difference in match running intensities between positions and halves.
Results and Discussion
Midfielders and wingers maintained the highest peak match intensities for total distance, with strikers
demonstrating the lowest. Wingers covered the most high-speed distance across time, with defensive
midfielders and strikers covering the least. Further, strikers demonstrated the highest match average
acceleration across each moving average duration, with wide defenders and defensive midfielders
demonstrating the lowest. Such differences in match running characteristics demonstrate the varying
physical demands of each positional group and may inform position-specific physical preparation. Peak
match running intensities were consistently lower in the second half compared to the first half for
total distance, with high-speed distance and average acceleration showing reductions across durations
of 1-5 min in the second half.
Conclusions
These data report the peak match running intensities between positions and across halves for elite
football players in Australia. In turn, these data can be used to prescribe training drills that best
replicate the physiological demands of the “worst-case scenario” that players experience during match
play, thereby better preparing them for competition.
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PSYCHOLOGICAL WELL-BEING (PWB) THEMES TO INFORM PRACTICE-CHANGE: CONSIDERING THE
PRACTICAL UTILITY OF THEORY
Victoria Tomlinson - John F. Kennedy University
Introduction
Within this study, the utility of theory became more prominent as the process of action research (AR)
developed and moved forwards. Based on a series of collaborative practitioner meetings, practitioners were
introduced to the concept of subjective well-being (SWB). The utility of SWB continued as the main point of
reference to evaluate practice, however, observations in daily practice and insight into practitioner
perceptions appeared to reflect the tenets of psychological well-being (PWB), creating visible links between
theory and practice.
Methods
The study intended to engage practitioners in action research to facilitate change in practice. In doing so, the
action research phase sought to capture the experiences of players and practitioners in context.
Collaborative practitioner meetings were introduced as part of the action research process to address
practice that could later be linked specifically to psychological well-being (PWB) dimensions. The overall aim
of the collaborative practitioner meetings was to drive debate and change, based on the notion that wellbeing can be related to everyday practice. As the cyclical process of action research progressed, the utility of
theory and the practicality of practice-change were considered.
Results and Discussion
PWB had a more pragmatic feel, relating to everyday practice. Practitioners welcomed the concept of PWB,
as they appeared to view it as a reliable framework and useful point of reference. Consequently, practitioner
professional knowledge was enhanced with regards to PWB in practice, which practitioners could then
utilize, along with practitioner craft knowledge to facilitate the practice-change process. It must also be
noted that, it is only with practitioner craft knowledge within the AR process that practice-change strategies
can be successfully applied. This also supported the notion put forward by McFee (1993) that both craft
knowledge and professional knowledge were fundamental to the epistemology of AR. Practitioners grew in
confidence, as they were able to demonstrate greater awareness and understanding of the PWB
components within practice, that in turn triggered the process of AR to gather momentum. Each practitioner
was able to link craft knowledge and everyday practice to newly found professional knowledge based around
the components of PWB.
Conclusions
Echoing Gilbourne’s (2000) sentiments, this research was able to demonstrate that emancipatory AR had
taken place through the empowerment of practitioners. This resulted in different practitioners able to apply
their professional knowledge and craft knowledge to meet the needs of their own practice, whilst at the
same time, all practitioners were committed to the same goal, towards improving PWB within academy
practice.
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FROM ENTRY TO ELITE: THE RELATIVE AGE EFFECT IN THE AUSTRALIAN FOOTBALL TALENT PATHWAY
Rhys Tribolet - University of Technology Sydney & Sydney Swans Academy, Mark Watsford University of Technology Sydney, Aaron Coutts - University of Technology Sydney, Chris Smith Sydney Swans Academy, Job Fransen - University of Technology Sydney & Sydney Swans Academy
Objectives
Previous research in Australian Football (AF) has assessed the prevalence of the Relative Age Effect in
older (i.e. U16, U18 & recent Draftees) high-level cohorts (Cripps et al., 2015; Haycraft et al.., 2018)
This study aimed to assess the first instance and prevalence of the RAE in the male AF talent
development pathway through to the Australian Football League (AFL). Design: Retrospective crosssectional analysis.
Method
Birthdate distribution was accessed from an U10-U12 AF academy trial (n = 514), U13-U19 AF academy
players (n = 408), AFL state, national and international combines (n = 2989), AFL Rising Star nominees
(n = 50) and the top ten AFL Brownlow vote recipients (n = 50) between 2013-2017.
Results
Chi-squared analysis showed significant overrepresentation to early born players in the selection year
for both quartile and half-year compared to the previously known distribution at different stages of
the talent pathway (U12 AcademyTrial, χ2 = 10.00, p < 0.05, U19 Academy, χ2 = 11.29, p < 0.05;
CombinesTrialled, χ2 = 152.42, p < 0.001; AFLBrownlowVotes, χ2 = 18.18, p < 0.001). Odds ratio demonstrated
bias to players born in quartiles one and two of the selection year compared to players born in quartile
four in every cohort examined.
Conclusions
RAEs appear between ages 10-12 in the male AF development pathway and continue to senior
professional competition. RAEs are amplified as the competition for positions increases and at points
where selection cut-offs occur. Interestingly, players receiving votes for the AFL’s best and fairest
award were 12.6 times more likely to be born in the first half of the year. This may suggest a latent
effect, which has long term benefits for relatively older players. Nonetheless, the RAE affects career
progression in a male AF talent pathway.
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LONGITUDINAL CHANGES IN ISOKINETIC KNEE EXTENSOR AND FLEXOR STRENGTH IN ADOLESCENT
SOCCER PLAYERS
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Introduction
Strength reflects the ability to exert maximum muscular force statically or dynamically. Dynamic
strength is seemingly more appropriate for soccer (Stølen et al. 2005). Longitudinal models for the
development of isokinetic strength in youth soccer players are lacking. Earlier studies (Maffulli et al.
1994; De Ste Croix et al. 2003) suggested that chronological age (CA) was the major factor influencing
changes in isometric and isokinetic strength across adolescence, but the specific contributions of
changes in body composition and biological maturation were not systematically addressed. The
purpose of the study was to model the longitudinal development of isokinetic concentric muscular
actions of the knee extension (KE) and flexion (KF) in adolescent soccer players.
Methods
A mixed-longitudinal sample composed of 67 soccer players aged 11.0–13.9 years at baseline was
followed on three-to-five occasions over 5 years. Stature, body mass and several skinfold thicknesses
were measured. Fat mass was estimated from skinfolds and fat-free mass (FFM) derived. Skeletal age
was estimated with the TW2-RUS protocol. An isokinetic dynamometer was used to obtain peak
torque of KE and KF from concentric assessments at an angular velocity of 180º/s. Multilevel random
effects regression analyses were performed.
Results
Among youth soccer players aged 11–16 years, isokinetic strength of the knee muscle groups was
reasonably predicted from chronological age (CA), stature and FFM: KE = – 66.170 + 5.353 × (CA) +
0.594 × (CA2) + 0.552 × (stature) + 1.414 × (FFM), and KF = – 9.356 + 2.708 × (CA) + 1.552 × (FFM). For
example, an increase of 1 year in CA corresponds to about 5.4Nm in KE and 2.7Nm in KF.
Discussion
The current study noted distinct models for each muscle group. The multilevel model for KE was a
polynomial based on CA, body size and FFM, while the model for KF was based on a linear
combination of CA and estimated FFM. Among youth soccer players, change in CA not only indicates
the passage of time per se, but also includes potential effects of systematic training in the sport across
time. Skeletal maturity status was not a significant predictor. It is well known that maturation affects
power, speed and the aerobic endurance of adolescent boys (Valente-dos-Santos et al. 2012). By
inference, maturation probably exerts its effect via body size. Available information suggested that
annual gains in overall body size accounted for 40–70% of the variance in strength during the years of
the adolescent growth spurt (De Ste Croix et al. 2003). The remaining variance was likely related to
variation in body composition. Although coach interventions often involve efforts to manage body

composition, emphasis is often on relative fatness. Finally, the models may facilitate the
understanding of potential muscle impairment and assist in the training process.
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COMPARISON OF A SHORT SPECIFIC WARM-UP WITH LONG WARM-UPS UPON SPRINT, REPEATED
SPRINT AND INTERMEDIATE PERFORMANCES IN SOCCER PLAYERS
Roland van den Tillaar - Department of Sports Sciences of Nord University, Levanger, Norway
Introduction
In soccer, a warm-up is performed with the aim to prepare the body for high-level performance and
to prevent injuries when performing at that high level. These warm-ups often start with a general
part, like jogging at a slow intensity, followed by a period of static/dynamic stretching. Subsequently,
the specific part, including high-intensity runs, is performed before the training starts. However, is it
necessary to start with a general part, followed by a specific part or is the specific part enough.
Therefore, the aim of this study was to compare a short specific with longer (general+specific) warmups upon sprint, repeated sprints and 3min running performance in soccer players.
Methods
Three experiments were performed, in which 12-13 soccer players conducted short specific, long
general+specific or only general warm-ups. The short warm-up consisted of 8×60m runs with
increasing running velocity (60 to 95% of estimated maximal sprint velocity) with 60 s rest in which
dynamic exercises were performed (10 min in total). The long warm-ups involved a general part of
10 min jogging combined with a specific part or just 20 min jogging combined with dynamics
exercises. 3 minutes after the warm-ups sprint, repeated sprint or 3 min maximal running
performances were tested (van den Tillaar et al., 2016; van den Tillaar and von Heimberg, 2016). To
assess the effect of different warm-ups upon performance a 2-way ANOVA with repeated measures
was used.
Results and Discussion
No significant differences in performance were found for the 3min running performance (752±78 vs
765±80m), repeated sprint test parameters (total: 36.12±0.96 vs. 35.99±1.32s, best: 4.30±0.10 vs.
4.32±0.13s) and sprints (5.38±0.09 vs. 5.36±0.10s) between the short and long warm-up with specific
part, while sprints after just the long general warm-up resulted in slower sprint times (5.48±0.10).
No differences for other physiological parameters (lactate and oxygen uptake) were found, except
for the rate of perceived exertion, which was higher after all long warm-ups indicating that the
participants perceived the long warm-ups as much harder than the short warm-up.
Conclusion
A short warm-up is as effective as long warm-ups for sprint, repeated sprints and intermediate
running performance in soccer, but mentally less exhausting. Therefore, it is suggested, that these
short specific warm-up should be performed instead of long warm-ups to avoid that soccer players
feel more tired before their competition or training and to increase efficiency of time for training.
References
van den Tillaar, R, Lerberg, E, Von Heimberg, E. (2016) J Sport Health Sci. doi:
10.1016/j.jshs.2016.05.006
van den Tillaar, R. von Heimberg, E. (2016) J Strength Cond Res 30(8): 2258–2265
Presentation Theme: Player Training and Monitoring
Keywords: Oxygen uptake, high intensity locomotion, strength and conditioning

SOCIOCULTURAL CONSTRAINTS AND CREATIVITY: A CASE STUDY OF AIK FOOTBALL CLUB
James Vaughan - University of Queensland, School of Human Movement and Nutritional Sciences, AIK
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Keith Davids - Sheffield Hallam University, Centre for Sports Engineering Research
Introduction
From the theoretical perspective of Ecological Dynamics creativity and skill are not attributes
possessed by individuals alone but emergent properties of the athlete-environment system subject to
changing constraints [1]. In this case study, we show how ethnographical tools can help illuminate
aspects of ecological psychology to theme the patterned practices within a form of life – regular
behavioural patterns, movements, customs and values – and give insight into invitations/opportunities
for action (affordances) in football [2].
Methods
The Athlete Talent Development Environment was used as a formative model for the organisation of
ethnographic data collected at AIK Football Club Stockholm (Sweden). Video and audio recordings,
field notes, (formal and informal) conversations and document analysis formed the body of data. Data
were categorized using Schein’s levels of cultural analysis and iterative data analyses were conducted
over several months to reveal key themes.
Results and Discussion
Key sociocultural constraints that influence the affordances offered by the performance environment
were identified. Video footage of young players demonstrates that skilful manipulation of constraints
can facilitate a simultaneous responsiveness to multiple nested and nesting affordances, this has been
termed skilled intentionality [2]. Understanding the deeply contextualised relational nature of
affordances is central to the development of creative moments in football.
Conclusion
It is proposed that skilful manipulation of sociocultural constraints, in the moment and over time, by
coaches and key actors, enables the co-creation of environmental conditions that constrain and or
afford creative moments. Cultivating a constellation of constraints that allow open exploration of
novel affordances constitutes creative development.
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CULTURE, PATTERNS OF PLAY AND SKILL DEVELOPMENT: A CASE STUDY OF BARCELONA, ANDRÉS
INIESTA AND LA MASIA
James Vaughan - AIK FF Stockholm, Cliff Mallett - AIK FF Stockholm, Keith Davis - Sheffield Hallam
University
Introduction
What are the fundamental principles that influence the way Andrés Iniesta and Football Club
Barcelona representatives play football? Skilled behaviours develop in interaction with contextuallyembedded constraints within a form of life and ethnographic data can illuminate sociocultural
constraints [1]. Our goal is to determine the extent to which culture influences playing style and
subsequently long-term skill development.
Methods
Prior to the Lennart Johansson Academy Trophy (LJAT) ethnographic data was collected in different
European countries. During the LJAT, sixteen U14 Football teams were equipped with GPS devices for
all matches. Alongside GPS, video was captured and analyzed for each match. Before the LJAT iterative
analysis of ethnographic data revealed themes that characterize sociocultural constraints. During the
LJAT massive GPS data collection was (based on the dynamic centroid and width team’s geometry)
assessed over time and compared to other teams.
Results and discussion
Ethnographic data analysis uncovered an ‘egalitarian passion for width’ facilitating the co-creation and
sharing of space, evident in 17th century Catalan gothic architecture. GPS positional data captured the
dynamic co-creation of space and width utilized in FCB’s play at the LJAT. Video across age groups at
FCB illustrates a pattern formation in team coordination relating to ‘a passion for width’. Preliminary
quantitative results show a tendency of FCB exhibiting higher degrees of width than the other teams
that played in the LJAT in possession (M = 58) and recovery phases (M = 53.5). That is, when in
possession of the ball FCB exhibited more width than when in recovery. Overall, possession
percentage was 66% for FCB and 34% for the rest of teams.
Conclusions
Ethnographic data revealed some preference for the Catalan culture to width. Here we tried to
uncover football-culture interdependence based on collective measures during gameplay as a method
to test whether environment and performer constraints are fundamentally influenced by the
environmentally embedded sociocultural constraints that shaped players’ skilled intentionality, as in
the case of Iniesta’s task. Although we used the teams’ width, other variables might be also discussed.
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SLEEP QUALITY FOLLOWING LONG-HAUL FLIGHT IN ELITE ACADEMY FOOTBALL PLAYERS – A CASE
STUDY
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Introduction
Long-haul travel can be required for Australian football players participating in European football
tournaments. Prolonged travel across different time zones can negatively affect sleep in adult players
(Fullagar et al. 2015) however the impact on adolescent age groups is yet to be determined.
Methods
14 elite academy football players flew westward from Sydney, Australia (GMT+10 h) to Amsterdam,
Netherlands (GMT+2 h) via Guangzhou, China (GMT+8 h; total flying time = 20 h 25 min; stop over = 6
h 30 min). Objective sleep data was recorded via Actigraph (GT9X-BT) watches at baseline (Day -1;
cumulative average of 7 nights pre-travel) and on each night post-travel during a youth tournament
(Days 1-9; D+1 to D+9). Matches were scheduled on D+4 (1 x 90 min match), D+7 (2 x 60 min matches),
D+8 (1 x 60 min match) and D+9 (1x 60 min match) post travel. On-field training was scheduled on all
non-match days. 8 players (mean age, 16.3 y, 95% CI–16.1 to 16.5 y) with >70% of data recorded were
included in the analysis. A linear mixed model via (SPSS v24, IBM, USA) was used to compare total
sleep time (TST), sleep efficiency (SE), and number of awakenings (NA) across time points.
Results and Discussion
Significant daily variation was observed in TST (F=3.49; p=0.02). Compared with D -1 (TST=311.6 min),
TST was significantly higher on D+1 (TST=530.8 min; F=12.2; p=0.005) and D+7 (TST=400.6 min; F=5.1;
p=0.04). There was minimal effect of long-haul travel on sleep quality except for increased TST on the
first day following the flight and day 1 of the tournament in which players played 2 x 60 min matches.
Conclusions
Long-haul westward flight across 9 time zones did not negatively affect sleep quality in this group of
elite adolescent football players, with the high rebound sleep volume on arrival (D+1) appearing to
stabilize in subsequent nights’ sleep. Although limited by a lack of a control group and small sample
size, these results may be explained by the implementation of a team wide sleep hygiene education
and light exposure program, individualized nutritional considerations and active recovery strategies
(Nedelec et al. 2017) throughout the tour.
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MONITORING HEAD IMPACTS AND LINEAR ACCELERATIONS IN FEMALE YOUTH SOCCER PLAYERS
OVER THE COURSE OF A COMPETITIVE SEASON
Victoria Wahlquist - University of Delaware, Thomas Kaminski - University of Delaware
Introduction
The effects of repetitive head impacts (RHI) on brain function and structure in soccer are unknown.
Technology has evolved and enables us to monitor RHI during competition; of interest is the effects of
RHI on youth soccer players. The purpose of this study was to examine RHI as it relates to purposeful
heading in female youth soccer players while also monitoring linear accelerations associated with
those events.
Methods
A total of 12 female youth soccer players (age=11.0±0.4 yr; height=152.2±11.7 cm; mass=44.8±13.2
kg) participated in the study. Each participant wore a triaxial accelerometer and gyroscope in a
headband for practices and games throughout the 3-month competitive soccer season. The number of
headers performed and associated linear accelerations were tracked in real time. Data variability for
headers per game (HPG), total number of headers per player (HPP), headers per player per game
(HPPPG), and the linear accelerations (LA) associated with the heading events were calculated using
simple statistics.
Results and Discussion
Interestingly, there were no headers performed in practice. 41 total headers occurred during the 10game season resulting in a mean of 4.1±2.8 HPG (range 0-10 HPG). The average total number of HPP
was 3.5±5.2 (range 0-17 HPP). The mean number of HPPPG was 0.34±0.86 (range 0-6 HPPPG). The LA
associated with the headers averaged 30.17±16.04g (range 15g to 69g). For a 10-game season the
heading variables reported here are low, yet the associated LA are at levels previously reported for
collegiate female soccer players. Of note, was a 93g impact associated with an unintentional
deflection involving one of our players that did not result in a concussion despite the LA approaching
the theoretical concussion threshold.
Conclusions
US Soccer guidelines governing purposeful heading in youth have been in effect now for 3 years. Our
results suggest, that while headers are allowed on a limited basis in practice, our cohort did not
perform any and that the number of headers they performed in games was extremely low. Our data
call into question whether or not the high linear accelerations are offset by the fact that the total
number of headers is low. Previous reports have argued that there may be a certain threshold of
headers that needs to be crossed before the detrimental effects of RHI are felt. The continued
monitoring of RHI in this population is warranted for better long-term understanding of any negative
effects.
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SHUTTLE-SPRINT PERFORMANCE OF AUSTRIAN SOCCER PLAYERS COMPETING AT DIFFERENT LEVELS
Dietmar Wallner - FH JOANNEUM Univ. of Applied Sciences, Sport Science Laboratory, Austria
Helmut Simi - FH JOANNEUM Univ. of Applied Sciences, Sport Science Laboratory, Austria
Peter Grimm - FH JOANNEUM Univ. of Applied Sciences, Sport Science Laboratory, Austria
Marcel Hagenauer - FH JOANNEUM Univ. of Applied Sciences, Sport Science Laboratory, Austria
Introduction
Sprinting skills are becoming increasingly important in modern soccer (Haugen et al., 2014).
Professional players are faster than amateurs in linear sprint tests (Stolen et al., 2006). This study
aimed to analyze the shuttle-sprint performance of Austrian soccer players competing at different
levels.
Method
140 Austrian soccer players (age: 23.2±4.5 yrs; height: 179.0±6.8 cm; BMI: 23.5±1.9 kg) performed a
20 m shuttle-sprint test including two 180-degree turns, the first after 7.5 m and the next 5 m later,
once to the right and once to the left. The best of two attempts counted. The players were divided
into groups by league: professional (n=39), semi-professional (n=44), amateur (n=33) and hobby
players (n=24). Data were analyzed by one-way ANOVA und Tukey post-test.
Results
Body height and BMI did not differ between groups (p>0.05). The shuttle-sprint test was performed in
4.62±0.15 s, 4.68±0.14 s, 4.77±0.18 s and 4.79±0.18 s, respectively and revealed significant differences
between groups. Although players competing at higher levels tend to show higher shuttle-sprint
performance, there were statistically significant differences only between professional players and
hobby (p<0.001) and amateur players (p<0.01), and semi-professional and hobby players (p<0.05),
respectively.
Conclusion
Most players competing at a semi-professional level in Austria are former professional players and/or
skilled players trained in a national soccer academy. This may explain the lack of a difference in
shuttle-sprint performance between professional und semi-professional players. Professional and
semi-professional players in Austria may differ in other physical characteristics (e.g. endurance
performance) or technical skills.
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ATTRACTING FEMALE FANS TO FOOTBALL GAMES: EVIDENCE FROM AUSTRALIAN CODES
Tony Ward - University of Melbourne, Australia
Introduction
Most football codes around the world have very small proportions of female fans attending games.
Many aim at improving the gender balance. It is instructive to look at the exception of Australian
Rules, where women typically form 40% of a crowd. Using rich Australian data sets, the paper
compares patterns for Rules and Rugby League.
Methods
In addition to an international literature survey, the paper analyses two statistical data sets in
Australia. The first is 20 years of ABS data on Spectator Attendance at Sporting Events, enabling
analysis by gender and by cohorts. The second draws on a special run of the 2009-10 ABS data, giving
cross tabulations of attendances by sporting code, by frequency, and by other attendances.
Results and Discussion
Both Rules and Rugby League attract similar numbers of men and women in their 20s. However, in
older age groups the female proportions decline markedly for League. Looking both at the two data
sets, and some historical evidence, the paper argues key reasons for the differences.
Conclusions
The results give a detailed picture of patterns, and variations in, female attendances at football in
Australia. This highlights some key issues for codes elsewhere seeking to increase female involvement.
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THE EFFECT OF ALTERNATIVE REPEATED SPRINT STRUCTURES ON PERCEPTUAL, INTERNAL, AND
PEAK POWER OUTPUT IN RUGBY PLAYERS.
Jonathon Weakley - Leeds Beckett University/Australian Catholic University, Cameron Owen - Leeds
Beckett University, Shaun McLaren - Leeds Beckett University, Harry Banyard - Edith Cowan
University, Tannath Scott - Brisbane Broncos Rugby League Football Club, Ben Jones - Leeds Beckett
University
Introduction
Repeated sprint training (RST) involves near maximal to maximal efforts that last 3-7seconds in
duration and is often implemented with a given number of sets and repetitions (Buchheit and Laursen,
2013). However, alternative structuring of RST may alter performance and internal responses.
Consequently, our study investigated the effects of a traditional (2 sets of 6 repetitions (2x6)), cluster
set (4x3), evenly distributed (ED; 12x1) and velocity loss condition (i.e. recovery supplied when
performance reduced by 5% of mean velocity (VL5%)) on sprint performance, perceptual, heart rate
(HR), and power output in rugby union players.
Methods
Velocity-time signals from a radar gun were used to derive external horizontal power output pre- and
post-intervention. Mean HR and peak velocity were measured using a HR monitor and global
positioning system. Mean velocity for each repetition was calculated using timing gates. Differential
rate of perceived exertion for legs and lungs were measured following repetition 3, 6, 9 and 12. Rest
was equated in all conditions except VL5%. Rest between repetitions in all conditions was 20seconds.
Recovery between sets ranged from 40-240seconds depending on the protocol.
Results
Mean HR was very likely to almost certainly lower in the traditional protocol (effect size: 0.89-1.18),
with unclear differences between all other protocols. Mean (0.37±0.26) and peak (0.65±0.32) velocity
in the ED protocol were likely and very likely greater than the traditional protocol, with unclear
differences reported between the cluster, VL5%, and traditional. Unclear outcomes were reported in
perceived effort of the legs and lungs. Changes in maximal power output were possibly increased in
the cluster condition (0.35±0.51) and decreased in the VL5% (-0.24±0.32). Unclear changes in power
output were found in the traditional and ED.
Discussion
Findings suggest that ED recovery periods may maintain performance to the greatest extent.
Furthermore, traditional RST methods that employ long recovery periods between sets may reduce
internal responses without maintaining or enhancing physical output. Finally, by using cluster sets,
power output may be potentiated immediately following RST.
Conclusions
It is advised that practitioners who wish to maintain performance and increase internal responses
utilise evenly distributed rest periods with 40seconds recovery.
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THE PREVALENCE AND IMPACT OF MODIFIED TRAINING IN ELITE ACADEMY FOOTBALL
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Introduction
Maintaining and appropriately increasing training loads is important for developing load tolerance in
football. The training dose for players reporting physical complaints is often modified by medical staff.
Despite the ensuing absence from “full participation in training” as a consequence of a modified
training dose, players reporting minor physical complaints are often not considered "injured" and as
such many complaints that result in modified training sessions may be unreported (Hägglund et al,
2017). The prevalence, impact and typical cause of medically modified sessions is thus unknown.
Methods
Injury records and internal training loads (AU) (exposure × rating of perceived exertion) (Foster et al,
2001) were recorded in 88 elite academy football players throughout the 2017 season (42 weeks).
Medically modified (MedMod) sessions were recorded when a player participated in training but with
prescribed restrictions or were instructed to complete separate training from the squad by the club
physiotherapist. Players that were in rehabilitation or return to play programmes were not included in
the analysis. The number of players (n), injury types and number of sessions affected (SA) by MedMod
were recorded. A one way–ANOVA analysis compared normal (Norm) and MedMod training loads
across the season via SPSS statistical software (SPS v24, IBM, USA).
Results and Discussion
In all, 6.6% (642/9772) MedMod sessions were recorded, with 10.5% (95% CI – 8.6 to 11.9%) of players
prescribed a MedMod session each week. Knee (n=71; SA=154), ankle (n=69; SA=140), fatigue (n=60;
SA=82), hip/groin (n=57; SA=114) and lower back complaints (n=33; SA=58) were the main reasons for
MedMod. On average, MedMod training loads were 35% lower than Norm (2300.1AU; CI – 2205.79 to
2394.5AU vs 1489.6AU; CI – 1376.8 to 1602.5AU; F=120.1; p<0.001) with the largest load reductions
recorded with reported knee (1349AU; 1241 to 1452AU; F=105.5; p<0.001) and hip/groin (1402AU;
1245 to 1572AU; F=91.0;p<0.001) complaints.
Conclusions
Medical intervention significantly reduces players training loads. Practitioners should consider
strategies to avoid underloading and ensure player readiness on their return to full training.
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FASTER AND SLOWER POST-TRAINING RECOVERY: MULTIFACTORIAL CLASSIFICATION OF RECOVERY
PROFILES IN FUTSAL.
Carolina Wilke - Universidade Federal de Minas Gerais (Brazil) and University of Technology Sydney
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Introduction
Prescribing recovery strategies in sports is difficult due to the high inter-individual variability in the
post-exercise recovery timeline (i.e. faster and slower). Such differences are often influenced by a
variety of external (e.g. loads) and internal factors (e.g. aerobic capacity). Therefore, this study aimed
at investigating the classification of faster vs slower recovery profiles in elite futsal players and the
factors that distinguish between them.
Methods
Twenty-two male futsal players were evaluated for the time-course of post-training recovery in
countermovement jump (CMJ), 10m sprint, creatine kinase concentration (CK), total quality recovery
(TQR) and Brunel Mood Scale (fatigue and vigor) before, post, 3, 24 and 48h after a high-intensity
training session. Hierarchical cluster analysis was used to allocate players into different recovery
profiles using the area under the curve of the percentage differences from baseline of each variable.
One-way ANOVA and effect sizes were used to compare the time-course of each variable and
characteristics between clusters.
Results and Discussion
Three clusters were identified and labelled as faster (FR; n=6), slower physiological (SLphy; n=7) and
slower perceptual recovery (SLperc; n=6), respectively. FR presented lower (better) AUC in 10m sprint
than SLphy (p=0.001) and SLperc (p=0.008); as well as higher (better) AUC in TQR compared to both
SLphy (p=0.018) and SLperc (p=0.026). Interestingly, FR players were slower 10m sprinters than SLphy
(p=0.003) and SLperc (p=0.013) and tended to have a higher VO2max than SLphy (ES=1.13).
Contradicting our expectations of an overall slower recovery profile, the AUC of CK was higher (worse)
in SLphy compared to FR (p=0.001) and SLperc (p<0.001), though perceptual parameters did not follow
the same trend. Somewhat contrarily, the SLperc groups showed higher (better) AUC in CMJ than
SLphy (p=0.014), though presented higher (worse) fatigue AUC compared to SLphy (p=0.014) and FR
(p=0.008). The SLphy players were younger than SLperc (p=0.027).
Conclusions
Differing post-training recovery profiles were evident in futsal players. A faster global (physical and
psychological) recovery profile was possibly positively affected by higher aerobic capacity. Slower
recovery differed according to responses in either physiological or perceptual parameters, potentially
influenced by higher speed/power performance and higher age/experience of athletes, respectively.
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DRIBBLING SPEED ALONG CURVED PATHS PREDICTS ATTACKING AND DEFENDING PERFORMANCE IN
MATCH-REALISTIC ONE VS. ONE SOCCER GAMES
Nicholas Smith - University of Sydney, Felipe Moure - University of Londrina, Robbie Wilson University of Queensland
Introduction
Many sports, like soccer, require numerous player types to perform different activities (e.g. defender
vs striker), which are likely to require different sets of traits for success. If one could predict the
success of players in specific roles in matches (e.g. central defenders, wide defenders, attackers),
coaches could design unique training regimes for individual players and player-types. In this study, we
assessed whether a new, closed-skill dribbling or sprinting task could be used to predict the attacking
and defending performance of individuals in 1 v 1 scenarios.
Methods
Players were recruited from an elite Brazilian football academy and asked to either dribble the ball or
sprint through five custom circuits that varied in average curvature (0 - 1.37 radians.m-1). These
measures were then validated using a realistic one vs. one competition in which each player acted as
attacker or defender in turn (N > 1000 bouts).
Results and Discussion
Sprinting (ICC = 0.96) and dribbling (ICC = 0.97) performances were highly repeatable for individual
players. Average dribbling speed decreased non-linearly with increasing circuit curvature (F = 239.5; P
< 0.001) from 5.19 ± 0.11 ms-1 on the straightest path to 2.13 ± 0.03 ms-1 on the curviest. We found
dribbling and a metric of dribbling control predicted attacking success in the one vs. one competition,
explaining more than 70% of the variation in attacking success alone. In contrast, dribbling
performance and coaches’ ranking were significantly related to defensive ability; sprinting
performance was not. Though dribbling performance and coaches’ ranking each explained 30% and
37% of the variance in defensive performance, respectively, the two predictors were not related, so
combined these traits explained more than half the variance in defensive performance.
Conclusions
Our new closed-skill dribbling assessment is a valid and reliable protocol to predict a soccer player’s
success in attacking and defending performance in 1 vs 1 situations, and can be used to identify
talented junior players.
Presentation Theme: Player Training and Monitoring
Keywords: performance, talent identification, technical skill

MENTAL TOUGHNESS AS AN IMPORTANT FACTOR IN ELITE YOUTH FEMALE SOCCER PLAYERS
Del P. Wong - Shandong Sport University (China). Sport Performance Research Institute New Zealand
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Introduction
Previous studies showed that psychological characteristics influence athletic performance. Mental
toughness includes confidence, constancy and control. These are considered as positive and
favourable attributes to better athletic performance (Sheard et al., 2009). Thus, this study aimed to
examine whether elite female soccer players who score low and high on mental toughness can be
differentiated based on their soccer-specific physical fitness and technical performance.
Methods
Forty elite youth female soccer players (14.2 ± 0.58 yr-old) who played at the highest level league of
China were recruited. Psychological measures included mental toughness (measured by Sports Mental
Toughness Questionnaire, SMTQ, Sheard et al., 2009), grit (measured by Short Grit Scale, Duckworth &
Quinn, 2009) and self-regulation of practice (Toering et al., 2013). Physical fitness measures included
sprint speed, horizontal explosive power, change-of-direction speed, repeated-sprint, and intermittent
endurance. Technical performance was measured during a 15min small-sided game (4 vs. 4, with small
goals but no goalkeepers, 30x30m pitch dimension) and coaches assigned players to each team to
ensure skill levels between teams were balanced. Two independent raters then reviewed the video
footages and recorded the technical parameters of each player.
Results and Discussion
Mental toughness was significantly (p<0.05) correlated with grit (moderate, r=0.45) and self-regulation
(moderate, r=0.48). Players were then equally split into two groups based on their mental toughness
score, i.e., low (2.60 ± 0.17) vs. high (3.17 ± 0.27) toughness groups (large effect, ES=2.53, p<0.05).
High toughness group significantly (p<0.05) higher in grit (medium, ES=0.77) and self-regulation (large,
ES=0.87), and had better performance in 20m and 30m sprints (small, ES=0.26-0.34), 5 jump test
(medium, ES=0.54), YYIE1 (large, ES=0.93). High mental toughness group had (a) small positive effects
(ES between 0.33-0.43) in dribbling, successful dribbling, successful tackle and successful block, (b)
medium positive effects (ES between 0.55-0.73) in touch, successful tough, receive, successful receive,
possession, pass, successful pass, shot, and successful shot, and (c) large effect in successful
possession (ES=0.83).
Conclusions
Mental toughness explains 20% of grit and 23% of self-regulation. Therefore mental toughness is an
independent psychological attribute. Assessing the level of mental toughness among youth female
soccer players may provide coaches with more useful information during talent identification and
selection. In this regards, players with higher mental toughness demonstrated better soccer-specific
fitness and technical performance.
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DEVELOPMENT OF THE DEFENDING INDICATORS IN SOCCER USING TRACKING DATA IN J LEAGUE
2018.
Hiroshi Yamada - Biwako Seikei Sport College
Introduction
Key performance indicators such as duel success rate and a number of sprints could only partially
reflect the tactical aspects. Defending indicators are still developing compared to attacking and
personal ones like expected Goals (Rathke, 2017) and duel supremacy (Zhou et al., 2018). Therefore,
we aimed to develop the understanding of defending indicators in soccer using tracking data from the
J league in 2018.
Methods
Players and ball tracking data from 46 J league games in 2018 were collected by a tracking system, and
playing information in 90238 plays without set pieces were classified into several codes. Nine tactical
indicators in defending were calculated and averages were compared with a t test for elaborated vs
countered and shooting situation vs others. Partial correlation coefficients between items and scoring
opportunities were calculated by Logistic regression analysis.
Results
Averages of each indicator were different in scoring opportunities. Average of distances between a
ball and 3 defenders were classified into situations (p < 0.001). Partial correlation coefficients by
logistic regression analysis between 5 items and scoring opportunities were significant, and average of
distances between a ball and 3 defenders was moderate (0.43). Criterion validities were verified.
Discussion
It was shown that defending indicators could be classified in scoring opportunity situations. In
particular, items related from distances of the defenders to the ball shown large differences of
averages. Logistic analysis has provided significantly with low accuracy. It means that new factors
could explain about defending situations were remained. It is suggested that location information is
useful to show tactical performances in defence, and these developments should be continued.
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BODY COMPOSITION CHANGES FOR THE FIRST-YEAR UNIVERSITY RUGBY PLAYERS FROM PRESEASON TO END OF SEASON.
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Introduction
Body composition is one of important aspects for rugby players because it is high relationship with
physiological capacities, skills and injury.1)2) Because it is big gap of contact level in games between high
school and university rugby, dates of body composition will be useful information for coaches to make a
training periodisation for first-year university student. Most of all Previous studies has reported body
composition and physical characteristics for professional and elite or sub-elite players. No studies were
found for intermediate in particularly Japanese first year student. The purpose of this study investigate
how incoming first year university students develop from entering the program to the end of the school.
Methods
40 participants (22 forwards:FWs and 18 backs:BKs) were nominated, and the all participants trained
throughout the year. Lean body mass and body fat mass were measured by Inbody720. All dates were
analysed using SPSS. Unpaired t-tests compared body size and body composition parameters between
players grouped by playing position (FWs vs BKs). A paired t-test was performed to look at changes of
the parameters in pre-season (in March) and end of season (in December). In addition, the rate of
changes was calculated using two-way analysis of variance (two-way ANOVA) for further examination.
Results and discussion
The result showed significant changes were found both FWs and BKs (Table1). The body fat tended to
decrease through summer, then to increase in the game season. Lean body mass decreased slightly
through summer, then increased gradually in the game season (Fig1). The average of body mass for all
players increased 2kg, however, it was reveal that BKs players gained by body fat. Since all participants
lived in a dormitory and meals are provided for all
boarding players equally, there may be no difference
in energy intake with groups. This suggests that quality
and quantity of training may influence onto the body
composition.

Conclusions
No significant transition difference between positions
was found in lean body mass, whereas body fat for BKs changed significantly more than for that of FWs.
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HEALTH AND PERFORMANCE AS A CRITICAL SUCCESS FACTOR AT ELITE YOUTH ACADEMIES
David Zalai - Buda Health Center, Health and Performance Department, Budapest, Hungary
Introduction
Youth development is a keystone in a club’s remarkable sporting success, therefore youth academies
are still and will always remain at the heart of soccer, where young players transform their potential
into excellence. The identification and development of talented young players is unimaginable without
a multidisciplinary, science-based health and performance (H&P) program, because physical
performance, injury prevention and sport science have grown immeasurably over the last decade. This
investigation is part of a larger research program designed to examine talent development. The AIMS
of the study were (1) to determine the most important success factors and rules of soccer-specific
H&P structures, (2) to evaluate the criteria of H&P with regard to talent ID, and (3) to assess data
management.
Methods
Data for this study were drawn from documentary analysis, fieldwork, and both national and
international in-depth interviews (N=15). At the core of this project is an extensive comparative metaanalysis of the subject and descriptive statistics (means and SD).
Results and Discussion
One of the main findings of the study was that (1) H&P is bigger and more important segment in the
long-term strategy of youth academies’ than before. The findings also confirmed that (2) H&P experts
need to have lots of mandatory qualifications. IT systems have significantly transformed talent ID and
youth development by opening up multiple information sources to individuals. The results of the
research also confirmed that (3) during a structured youth development process it is inevitable to use
a unified age and position-specific test system, and it has also been confirmed that (4) H&P success
largely depends not only on the recordings but also on the managing and utilising of sport science
data. This allows comparing and quantifying progress regarding capacity and performance. A scientific
approach, with the help of which evidence can be used to guide actions and justify decisions is an
effective feature in elite youth academies.
Conclusion
Soccer is one of the most physically challenging sports in the 21st century. To manage this challenge in
effective ways, it seems imperative to develop youth players with the help of multifactorial H&P
methods from an early age on. A centrally determined and science-based age and position-specific
test-system helps the players’ long-term performance development, the efficiency of the coaches’
work, and it aids the multidisciplinary selection and talent-promotion soccer model.
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