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Sport performance consists of interacting individual, task and environmental constraints, but research has used a monodisciplinary, rather than an interdisciplinary approach to understand performance. This study used Australian football (AF) as the exemplar sport to investigate the value of an interdisciplinary approach to understand sport performance. Through this, it was also possible to quantify individual differences and representative task design. Fifty-nine semi-professional Australian footballers participated. Based upon accessibility, combinations of these players completed physiological (3 × 1 km trial) and perceptual-cognitive-motor (small-sided game, SSG) tests, with coach rating of psychological skill (mental toughness coach, MTC). Univariate monodisciplinary models indicated that all tests predicted disposal efficiency; 3 × 1 km trial (p = 0.047), SSG (p = 0.001), and MTC (p = 0.035), but only the SSG predicted coaches' vote (p = 0.003). A multivariate interdisciplinary model indicated that SSG and MTC tests predicted disposal efficiency with a better model fit than the corresponding univariate model. The interdisciplinary model formulated an equation that could identify individual differences in disposal efficiency. In addition, the interdisciplinary model showed that the higher representative SSG test contributed a greater magnitude to the prediction of competition performance, than the lower representative MTC rating. Overall, this study demonstrates that a more comprehensive understanding of sport performance, individual differences, and representative tasks, can be obtained through an interdisciplinary approach.
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INTRODUCTION

Sport performance has been frequently studied based upon physical or physiological components such as agility and aerobic capacity (Cardinale, 2017). Coaches and applied scientists, however, believe that competition performance involves an interaction between physiological, psychological, and perceptual-cognitive-motor components (Cardinale, 2017; Zaichkowsky and Peterson, 2018; Bonney et al., 2019a). For example, mid-field players in Australian football (AF) and soccer run approximately 10 kilometers per game, whilst attempting to make accurate skill decisions under high-pressure situations. Accordingly, several recent books (e.g., Ericsson et al., 2018; Zaichkowsky and Peterson, 2018) and scientific publications (e.g., Glazier, 2015; Cardinale, 2017) have discussed the importance of psychological and perceptual-cognitive-motor components, which need to be considered with physiological components, to provide a more comprehensive understanding of sport performance. This presents an opportunity to extend mechanistic (or theoretical) understanding of sport performance from an interdisciplinary perspective, which has applied implications in terms of identification of strengths and deficiencies of individual athletes for remediation.

Recent reviews of the sports science literature have found that interdisciplinary research continues to be scarce (Buekers et al., 2016; Piggott et al., 2019c). There are several possible reasons for why this is the case. First, sports science researchers may not be aware of suitable theoretical frameworks that can underpin interdisciplinary research questions, experimental design, and analyses (Buekers et al., 2016). Second, interdisciplinary research is highly dependent upon the organization of a team of scientists who have less preference upon a monodisciplinary approach to understand sport performance (Buekers et al., 2016). Third, interdisciplinary research can require greater resources and participant time, which may limit sport performance to be investigated from a monodisciplinary perspective (Buekers et al., 2016). Nonetheless, Buekers et al. (2016) and Piggott et al. (2019c) have presented solutions to these barriers in the form of theoretical frameworks to guide experiment and test design. These authors also mentioned the incentive for researchers to conduct interdisciplinary research, which is its capacity to provide a comprehensive understanding of athletic performance.

A useful framework to underpin interdisciplinary research is constraints theory (Higgins, 1977; Newell, 1986), because it takes into consideration interacting variables that can shape achievement of the motor skill goal. Constraints include interacting components related to the individual, task and immediate environment that can guide achievement of the motor skill goal (Higgins, 1977; Newell, 1986). An example of constraints is demonstrated in the last minute of a rugby game, when the team in possession of the ball is behind by four points (environment). The halfback (individual) of the losing team throws a pass to the winger, the fastest player on their team who has open space in front of him. This gives the halfback an opportunity to score a try (task), whilst avoiding being tackled by an opponent(s), which would result in the team winning the game. In relation to individual constraints; physiological, psychological, and perceptual-cognitive-motor components interact with the environment and task constraints to attempt successful achievement of the motor skill goal. Therefore, constraints theory predicts that interacting variables, aligned with an interdisciplinary approach, are crucial to comprehensively understand performance in sport.

Underpinned by constraints theory, it is possible to develop research questions, experimental design, and analyses to further understanding of sport performance. AF can be chosen as an exemplar sport because it includes interacting physiological, psychological, and perceptual-cognitive-motor individual constraints (Bonney et al., 2019a). A key task constraint of AF competition is effective disposal of the ball to a teammate without being tackled or the pass being intercepted. This refers to the skill (or task) goal in competition, which can be measured using disposal efficiency (Piggott et al., 2019b). Disposal efficiency is defined as the percentage of disposals that are effective or hit their intended target and is one of the match statistics provided by a commercial analytics company (Champion Data, South Bank, Australia). Passing the ball in AF occurs under a highly dynamic environmental constraint, because there are multiple players in close proximity to the ball carrier who can tackle from any direction. Therefore, by systematically integrating constraints on the individual, it is possible to determine, as predicted by constraints theory, whether disposal efficiency can be better predicted through a monodisciplinary or interdisciplinary approach. This contributes to theoretical understanding through interacting constraints that may influence sport performance.

Although constraints theory predicts performance based upon the individual, sports science researchers have focused upon group designs, rather than sub-groupings or analyses that can reveal individual differences (Piggott et al., 2019c). The latter analyses have important practical implications, as coaches are interested in the strengths, deficiencies, and development of individual athletes, so that interventions can be tailored to improve individual athlete competition performance. For example, underpinned by constraints theory, Chow et al. (2008) reported individual differences in hip, knee, and ankle joint coordination when novices learned to chip kick a soccer ball to targets of varying distance and size. This study demonstrated that more than one coordination pattern can be used to learn a skill. In another example, Piggott et al. (2019b) used a sub-grouping analysis relative to games played and position of play within skilled Australian footballers. They reported superior decision-making in SSG's relative to increased exposure to competition and playing in the mid-field position. This study demonstrated that task experience and position of play can influence decision-making capability. Accordingly, it has been suggested that in order for sport performance research to best guide athlete preparation, individual, or sub-groups analyses are necessary to better elucidate interaction with task and environment constraints (Woods et al., 2019).

Design of tests or selection of measurement instruments is also an important consideration for interdisciplinary research to best capture interacting constraints of sport performance. This refers to representative task design, which includes properties of the test or measurement instrument and their generalization to the intended context (Araújo and Davids, 2015), which in sport is the competition setting. It has been argued that properties (constraints) of a test such as perceptual information and action responses need to be sampled from the competition setting to be included in design of the test (Pinder et al., 2011b). For example, a SSG would be considered high in task representation because perceptual and action components are closely related to competition performance, whilst coach rating of athlete performance involves none of these components, so it would be considered low in task representation. In a related manner, the literature indicates that practice drills in AF allow the ball carrier to retain possession of the ball for considerably longer prior to a decision to dispose, than occurs in competition (Woods et al., 2019). The implication of this finding is that coaches need to design practice tasks where athletes make accurate decisions, where ball possession time is like competition. Interdisciplinary research including physiological, psychological, and perceptual-cognitive-motor component tests can provide an indication of what best predicts a measure of match performance such as disposal efficiency. Through this, it is possible to obtain an understanding of which interacting test(s) or measure(s) represents sport performance. This will help coaches and sports scientists select representative talent identification and test batteries for athlete evaluation and training.

This study employed both monodisciplinary and interdisciplinary approaches using AF as an exemplar sport. We used three sports science sub-discipline measures to examine their relationships to two match performance statistics in disposal efficiency and coaches' vote. The purpose of this study were to determine: (a) whether an interdisciplinary approach provides a more comprehensive understanding of athlete match performance than a monodisciplinary approach, (b) whether an interdisciplinary approach could provide an equation to quantify individual player performance profiles, and (c) representativeness of measures in terms of their capability to predict match performance. It was hypothesized that: (i) an interdisciplinary approach would provide a better model fit in predicting a measure of match performance (disposal efficiency), in comparison to a monodisciplinary approach, (ii) individual player profiles would provide enhanced insight into sport performance, which is less evident in group descriptive analyses, and (iii) measures that closely represent competition would more accurately predict match performance.



MATERIALS AND METHODS


Participants

A total of 59 male players (Mage = 21.27 ± 3.11 years, Mheight = 186.79 ± 7.17 cm, Mbodyweight = 84.0 ± 9.13 kg) from a semi-professional AF league club were recruited for this study. All players were members of the senior playing squad and the inclusion criteria was that participants had to be free from injury at the time of testing. Human Research Ethics Committee (HREC) approval was received from the relevant university committee and participants provided written informed consent. This study was conducted in accordance with the Declaration of Helsinki.



Materials and Procedures

The sport of AF requires a unique mix of physical, mental, technical, and decision-making skills (Young and Pryor, 2007). These skills can be classified into the following sub-disciplines of sport science according to Abernethy et al. (2013); exercise physiology, sports psychology and motor control. A test from each sub-discipline was selected and these were; (i) 3 × 1 km time trial (exercise physiology), (ii) mental toughness coach rating (sport psychology), and (iii) SSG test in AF (motor control). Justification for the selection of these tests is outlined below. The match performance measures used were disposal efficiency and coaches' vote. The three tests were all completed toward the end of the pre-season training period and before competition games began. Match performance measures were collated from a total of 20 home and away games over the 2017 competitive season.



3 × 1 km Time Trials

Literature reports that the running demands of AF are high (Coutts et al., 2010; Delaney et al., 2017). As a result, a primary focus of AF training is to develop players' capacity in this area (Delaney et al., 2017); a performance test that provides a measure of running ability was therefore used in this study. Traditionally, AF clubs have used a 3 km time trial in order to assess aerobic capacity (Gastin et al., 2013; Piggott et al., 2015). Recently, in an attempt to ensure that performance tests reflect the intermittent running requirements of the competition environment, an alternative 3 × 1-kilometer time trial test has been reported in the literature (Cripps et al., 2018). The repeated time trial test allows players to attain higher average running speeds (283 m/min −1) than the more traditional 3 km time trial (252.8 m/min −1) (Cripps et al., 2018). Furthermore, high intensity running has been linked to a player's capacity to win possession of the ball more frequently (Mooney et al., 2011). There is also an expectation from coaches that players can perform high intensity efforts interspersed with frequent short breaks on the interchange bench to recover.

The test required players to complete each 1-kilometer trial as quickly as possible running around a grassed oval. Each subsequent trial began 7:30 min after the start of the preceding trial. The total time taken by the player to complete the three trials represented the criterion measure. The 3 × 1 km time trial has acceptable test-retest reliability assessed using interclass correlation coefficients (ICC = 0.97, p < 0.01) and typical error measurements (4.36%) (Cripps et al., 2018).



Mental Toughness Coach Rating

Mental toughness (MT) has been defined as a capacity for an individual to produce high levels of objective and subjective performance consistently despite everyday challenges, stressors and significant adversities (Gucciardi et al., 2015). There has been significant interest from researchers, practitioners and the general public in recent years regarding MT as a key factor of superior performance in a variety of domains including sport (Giles et al., 2018). The MT Index (MTI) developed by Gucciardi et al. (2015), is an eight item scale and an example item is; I am able to execute appropriate skills or knowledge when challenged. Recently, Piggott et al. (2019a) used a coach rating of the MTI and reported that this measure predicted performance in a high-pressure SSG. To assess MT in this study, a senior member of the club's coaching staff rated each players' level of MT using the MTI. This test has a low level of task representation because it is a survey and does not require a perceptual-motor response (Piggott et al., 2019c).



Small-Sided Games

A recently developed SSG test in AF by Piggott et al. (2019b) was used to measure decision making and skill execution. The study reported that the test was highly reliable and was able to discriminate performance between semi-professional and amateur Australian footballers. In addition, the total score (summation of decision making and skill execution scores) significantly predicted disposal efficiency in competition performance (Piggott et al., 2019b). SSG's allow players greater opportunities to gain possession of the ball and display their skill level, as well as apply game strategy and tactics (Bonney et al., 2019b). The SSG test has a high level of representative task design as perceptual information that occurs in competition is presented to the participant and opportunity is provided to couple action to available perceptual information like the competition setting (Piggott et al., 2019c).

In the SSG tests, participants were divided into two teams of six attackers and five defenders. Attackers attempted to maintain possession of the ball in a 40 × 40 m grid using a hand pass or kick, whilst defenders tried to intercept, tackle, or spoil. Each skill group completed three sets each in attack and defense and each set was 3 min in duration. Prior to the commencement of the SSG's, participants completed a 15-min warm up which included running drills, dynamic stretching, basic kicking, and handball exercises. The test was umpired by a research assistant with AF knowledge. Each time an attacking player passed the ball by a kick or handball it was recorded as a trial. The decision making and motor skill execution scores for each disposal (trial), as well as both combined (total score) were coded as objective performance measures. A standard 25 Hz video camera (Panasonic SDR-H250, Australia) was used for recording so that trials could be coded post testing.



Disposal Efficiency

A commercial statistical analytics company (Champion Data, South Bank, Australia) recorded each participants' disposal efficiency, which is the percentage of disposals (kicks or handballs) that were effective during each WAFL competition game. Champion Data is used extensively in AF and provides statistics for professional and semi-professional competitions with reported 99% accuracy (O'Shaughnessy, 2006). In addition, Champion Data statistics have been used in previous published research in AF (Mooney et al., 2011; Piggott et al., 2015).



Coach Vote

Coaches' votes as a measure of match performance have been used in previous research (Mooney et al., 2011; Piggott et al., 2015). Mooney et al. (2011) used coaches' votes as a measure in their research to quantify the player's subjective performance, which encompasses both tactical and technical performance. For this study, each of five coaches, voted after every competition game, and each coach had 20 votes they could allocate across the participants who had played. The maximum votes an individual coach could give a participant was three votes. For example, if all five coaches gave a participant two votes each, then that participant would have recorded ten votes for that match.



Data Analysis

Statistical analysis was performed using IBM SPSS version 25 (IBM SPSS Statistics for Windows. IBM Corp., Armonk, NY, USA) and Stata version 15 (StataCorp, College Station, Texas, USA). Data was checked for normality using the Shapiro Wilk's test so that the appropriate statistical tests could be employed. Alpha level was set at <0.05.

Hypothesis one was investigated using a series on univariate Generalized Estimating Equations (GEE). GEEs are an extension of general linear models, and are considered an appropriate approach for the analysis of correlated continuous and count data, and have the advantage of unbiased estimation of parameters (Ghisletta and Spini, 2004). In the GEE model, each sub-discipline performance test was the independent variable. For the first series of models, the match performance measure of disposal efficiency was the dependent variable and for the second series of models, coach vote was the match performance measure and dependent variable. Disposal efficiency employed a linear GEE model. For coaches' vote, a negative binomial link GEE model was used because of the over-dispersion of “zero” votes. The GEE model probability of not receiving a coaches' vote was graphically depicted using STATA (StataCorp. 2001). Each independent sub-discipline test was regarded as a monodisciplinary approach to quantify a component of individual constraints. Performance tests displaying significant prediction of the dependent variables in the univariate GEEs, were then integrated into a multivariate GEE model, which was regarded as an interdisciplinary approach. This is consistent with the literature, which has stated that integration of measures from different sub-disciplines using analyses such as stepwise regressions and prediction equations, can be classified as interdisciplinary (Freedson, 2009; Piggott et al., 2019c). To compare the fit of different GEE models, the Quasi Likelihood under Independence Model Criterion (QIC) was used where the model that obtains the smaller QIC has the better fit (Pan, 2001).

To address hypothesis two, the participants' mean disposal efficiency and coach vote from their match performance across the 2017 season was used. For these measures, participants were allocated into three groups depending on their performance and categorized as; high, medium and low performing. A panel of three experts who coached at semi-professional and professional levels agreed on the following cut-points for disposal efficiency: High (≥70%), Medium (60–70%) and Low (<60%), and coach vote: High (> 2 votes), Medium (≥ 1and ≤ 2 votes) and Low (<1 vote). Differences between categorized performance levels in sub-discipline tests was examined using ANOVA (or non-parametric Kruskal Wallis) with a Bonferroni post hoc comparison. In addition, Cohen's d effect sizes were calculated, with 0.2 considered small, 0.5 medium and 0.8 large effects (Cohen, 1998).

In regards to hypothesis three, using the estimates from the GEEs predictive equations, we examined a 10 percent change for high and low level representative tests and determined prediction relative to the dependent variable. In addition, the QIC was used to assess model fit for tests of both high and low representative task design.

The number of participants that completed the tests were as follows: 3 × 1 km time trial (n = 46), mental toughness coach rating (n = 59), and SSG AF test (n = 28). The final multivariate model assessed a total of 21 (Mage = 21.24 years, Age range: 18–29 years) players who completed all three performance tests. Not all players could complete all three tests due to player injury, load management, and training scheduling. In addition, injury restricted participants availability to participate in every match throughout the year and this is common in contact team sports. For the final multivariate model, the average number of matches played over the season per participant was 15.6, which is similar to 15.5 matches reported in previous research with a similar focus (Gabbett et al., 2011).




RESULTS


Monodisciplinary and Interdisciplinary Approaches

At the univariate (monodisciplinary) level (Table 1), all three sub-discipline performance tests were significant predictors of match disposal efficiency; 3 × 1 km time trials (β = −0.07, p = 0.047), mental toughness coach (β = 0.37, p = 0.035), and SSG test (β = 12.51, p = 0.001). At the univariate (monodisciplinary) level, only SSG test was a significant predictor of coaches' vote (β = 1.19, p = 0.003) (Table 2).


Table 1. Univariate generalized estimating equations for prediction of disposal efficiency.

[image: Table 1]


Table 2. Univariate generalized estimating equations for prediction of coaches' vote.
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When the significant independent variables from the univariate disposal efficiency model were integrated into a multivariate (interdisciplinary) model (Table 3), both mental toughness coach (β = 0.37, p = 0.002) and SSG test (β = 12.34, p = 0.001) remained as significant predictors, whilst the 3 × 1 km test was not significant (β = −0.06, p = 0.077). A multivariate (interdisciplinary) model of coach vote was not required as only one performance test, the SSG test score, was found to be a significant predictor. The Goodness of Fit measures (QIC's) are reported for all GEE's within their respective models (Tables 1–3). For disposal efficiency, where a multivariate (interdisciplinary) model was developed (Table 3), the QIC value was lower than the QIC values for the univariate models, indicating a better model fit.


Table 3. Multivariate generalized estimating equations for prediction of disposal efficiency (n = 21).
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The predictive equation resulting from the multivariate (interdisciplinary) model for disposal efficiency was:

DE = 22.88 + (-0.06) x 3 x 1k time + 0.37 x MTC score + 12.34 x SSG test score

As an example, if the mean score for each performance test was used, the equation would be:

= 22.88 + (−0.06) × 645.24 + 0.37 × 43.19 + 12.34 × 5.31

= 66%

For coach vote, as a negative binomial link model was used, this limits the ability to create a meaningful predictive equation as presented for disposal efficiency. However, the modeled probability of not receiving a coach vote in relation to a participant's SSG test score can be graphically depicted (Figure 1). It can be seen from Figure 1 that when a participant's SSG test score is approximately 3.5 or higher, then the likelihood of them not receiving a coach vote is substantially reduced (i.e. likely of receiving a coach vote is increased).


[image: Figure 1]
FIGURE 1. The probability of not scoring a coach vote in relation to small sided games test score.




Group and Individual Differences

The sub-discipline performance test scores for participants in the categorized groups for disposal efficiency and coach vote are reported in Figures 2, 3 respectively, with descriptive values provided at Table 4. For disposal efficiency (Figure 2), when examining group differences between categories in regards to sub-discipline tests scores, a significant difference was only found overall for SSG test score [F(2,18) = 4.893, p = 0.20]. Bonferroni post hoc comparisons indicated that there was a significant difference (p = 0.019, d = 2.2) between the high performing group (M = 5.53, SD = 0.31) and the low performing group (M = 5.01, SD = 0.14). For coach vote (Figure 3), when examining group differences between categories in regards to sub-discipline tests scores, a significant difference was only found overall for the 3 × 1 km test score [X2(2) = 7.112, p = 0.029]. Pairwise comparisons indicated that there was a significant difference (p = 0.031, d = 1.62) between the high performing group (M = 630, SD = 8.51 s) and the low performing group (M = 665, SD = 29.31 s).


[image: Figure 2]
FIGURE 2. Mean and 95% CI scores for sub-discipline performance test scores for low, medium and high scoring groups for disposal efficiency. *Indicates significant difference p < 0.05 between sub-groups. MTC, Mental Toughness Coach; SSG, Small sided games.
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FIGURE 3. Mean and 95% CI scores for sub-discipline performance test scores for low, medium, and high scoring groups for coach vote. *Indicates significant difference p < 0.05 between sub-groups. MTC, Mental Toughness Coach; SSG, Small sided games.



Table 4. Mean sub-discipline scores for participants who completed all tests.
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To illustrate individual differences, we have chosen to model three different participants who scored at high, medium, and low levels for the SSG test. The predictive equation generated from the multivariate (interdisciplinary) model for disposal efficiency, which incorporates participant 3 × 1 km time, MTC score and SSG test score was used resulting in the following predictions:

1. Participant one (high SSG score) recorded the following scores; 3 × 1 km time = 664 s, MTC score = 46 and SSG = 5.72, with a predicted disposal efficiency of 70%.

2. Participant two (medium SSG score) recorded the following scores; 3 × 1 km time = 625 s, MTC score = 50 and SSG = 5.24, with a predicted disposal efficiency of 68%.

3. Participant three (low SSG score) recorded the following scores; 3 × 1 km time = 616 s, MTC score = 49 and SSG = 5.08, with a predicted disposal efficiency of 66%.



Representative Task Design

The impact of the level of task representation of performance tests on outcome measures is best illustrated with an example again using the predictive equation for disposal efficiency generated from our multivariate GEE (Table 3). We compared the effect of an increase in the SSG test (high task representation) score with a comparative increase in the MTC (low task representation) score. If we revisit the above example of using individual participant scores, the participant's predicted mean disposal efficiency is 66%. If the participant increases their SSG (high task representation) score by 10%, from 5.31 to 5.84, this would increase their disposal efficiency to 72.2%. If the participant increases their MTC (low task representation) score by 10%, from 43.19 to 47.51, this would increase their disposal efficiency to 67.3%. In this case, the participant results in the performance test with the higher level of task representation has a greater bearing on the overall outcome variable of disposal efficiency than the performance test with the lower task representation.

In relation to the Goodness of Fit analysis, the SSG test (high task representation) has the lowest QIC value for both disposal efficiency and coach vote indicating the best model fit. The mental toughness rating (low task representation) had the highest QIC value for both disposal efficiency and coach vote indicating a relative poorer model fit.




DISCUSSION

This study set out to address the call for interdisciplinary research that could provide a more comprehensive understanding of sport performance. We compared whether monodisciplinary and interdisciplinary approaches related to individual constraints contribute to predict measures of match performance in terms of disposal efficiency and coaches' vote. This comparison was crucial to demonstrate that an interdisciplinary approach could better predict match performance than a monodisciplinary approach alone. In addition, our interdisciplinary approach was capable of quantifying individual differences and representative task design relative to competition performance. Collectively, this provides a comprehensive understanding of sport performance that is theoretically driven and has practical implications for athlete development.

Our study reconfirmed that a monodisciplinary approach is relevant to understand sport performance. Indeed, univariate (monodisciplinary) analyses showed that each physiological, psychological, and perceptual-cognitive-motor skill component of individual constraints predicted disposal efficiency. The perceptual-cognitive-motor skill component also on its own predicted coaches' vote. These findings are consistent with previous monodisciplinary studies in AF that have reported perceptual-cognitive-motor skill can predict; disposal efficiency (Piggott et al., 2019b), as well as talent identified and non-talent identified athletes (Woods et al., 2016a). Moreover, physiological measures such as 20 m sprint time have also been able to predict talent identified and non-talent identified Australian footballers (Woods et al., 2017). Beyond AF, monodisciplinary studies have also been used to discriminate between skill levels using a video-based decision-making test in soccer (Keller et al., 2018) and by using a reactive agility test in rugby league (Gabbett and Benton, 2007). Therefore, there is merit to conduct sport performance research that measures these components in a monodisciplinary approach.

The interdisciplinary (multivariate analysis) approach in our study revealed that psychological and perceptual-cognitive-motor components of individual constraints contributed to significantly predict disposal efficiency. This finding is consistent with coach perception that superior performance in sport is related to psychological and perceptual-cognitive-motor skills (Steel et al., 2014; Zaichkowsky and Peterson, 2018). A likely reason for this is that coping with psychological pressure and making accurate decisions allows the player to apply their physical capability efficiently (less energy cost) to dispose of the ball effectively. Although psychological and perceptual-cognitive-motor components were significant predictors, when combined with the physiological component, there was better prediction of disposal efficiency (QIC value, see Table 3), in comparison to a monodisciplinary approach (QIC value, see Table 1). This finding is consistent with our prediction in hypothesis one. This finding is also consistent with previous research into AF that has reported better classification of talent identified and non-talent identified athletes based upon combined physical, technical, and perceptual-cognitive components (Woods et al., 2016b). Accordingly, it needs to be considered that in our study, the physiological component contributed to the multivariate model to allow better prediction. This indicates that physiological capacity is indeed important, as a footballer needs to run or sprint with the ball, but psychological and perceptual-cognitive-motor skill make a greater contribution to disposal of the ball effectively to a teammate. These findings resonate with the concern raised in the literature regarding the predominant focus upon physical or physiological components to explain sport performance (Cardinale, 2017). Rather, our findings demonstrate that psychological and perceptual-cognitive-perceptual skills, interacting with physiological capacity, is crucial to comprehensively understand sport performance.

Significant differences were found between some sub-groups for disposal efficiency in SSG and coaches' vote for the 3 × 1 km trial. These comparisons, however, focus on mean data and are not capable of demonstrating individual differences in performance. The better interdisciplinary prediction of competition performance established an equation, which was used to identify individual differences in sport performance. For example, we reported how scores from physiological, psychological and perceptual-cognitive-motor individual component constraints contributed to calculation of three different participant disposal efficiency scores (i.e., 70, 68, and 66%). This is consistent with our prediction in hypothesis two. Accordingly, our findings provide fine-grained detail of how individual constraints contribute toward competition task constraint performance. An individual differences approach has been lacking in the sports science literature with researchers focusing more upon group level analyses that presents mean data, rather than considering within-group differences (Woods et al., 2019). The reasons for this could be; first, sports scientists may have been initially interested in determining upon which components groups of athletes could be differentiated from non-athletes, and second, these group differences provided a means of validating measurement instruments through performance discrimination. Our example highlights that individual differences profiles were aligned with constraints theory that predicts the skill goal can be achieved through interaction of individual, task and environmental constraints (Higgins, 1977; Newell, 1986). Accordingly, our findings are consistent with other studies that have used constraints theory to predict and report individual differences in relation to performance at a specific instance in time (Müller et al., 2015a) and improvement of performance due to practice (Chow et al., 2008). Therefore, our developed equation could quantify individual performance, which is underpinned by an interacting constraints theoretical framework.

In utilizing an interdisciplinary approach, our findings showed that degree of representative task design of a test or measure can influence the predicted competition performance measure. To this, the MTC rating was considered lower in representative task design because it is purely a measure that requires an evaluation of athletic performance. This is unlike a performance test such as SSG that is considered high in representative task design because it includes perceptual information and action responses that are closely related to the competition setting of AF. Our analyses indicated that a consistent increase of 10% on each test results in different predictions of competition performance. Here, the test with high representative task design or the task that closely represents the context of generalization (competition), results in an increased level of predicted performance. Whilst representative task design has been popular in the literature (e.g., Gorman and Maloney, 2016; Woods et al., 2019), we are unaware of studies that have compared the relative contributions of higher and lower representative tasks to predict competition performance. There are, however, studies that have reported performance changes across lower to higher representative tasks in line with what would be expected relative to competition (Pinder et al., 2011a; Gorman and Maloney, 2016). Accordingly, our findings are consistent with hypothesis three and the theoretical predictions of representative task design. It is important to point out that lower representative task design does not mean that the task or measure should not be used. Indeed, as mentioned earlier, both psychological and perceptual-cognitive-motor components contributed to predict match performance indicating they are both valuable indicators of in-situ performance. It simply needs to be considered that a MTC rating (on its own) can under estimate actual competition performance.

The results of this study have a direct practical application for AF coaches, specifically in the development of players. An example could be that the coaching staff conduct the three tests (3 × 1 km time trial, SSGs and MTC) at the start of pre-season training period. The coaching staff can use these results to identify player strengths and weaknesses, inform individual development plans for each player and set specific improvement goals for them to achieve. Using this approach, aspects of training can then be individually tailored to developing the player and resources can be allocated accordingly. For example, if it was identified from the SSG testing that a player needs to improve their decision-making component in order to improve their total score, then coaches can create specific decision-making drills for the player to undertake. The playing group can then be retested after a certain time to see if the goals have been achieved.



LIMITATIONS AND CONCLUSIONS

There are limitations of this study that need to be considered. First, a potential limitation of interdisciplinary research is that performance needs to be assessed on all sub-discipline measures. This requires an increased time commitment to the research project by the participants than in monodisciplinary studies. In addition, the pool of participants in skilled athlete populations is significantly smaller than in the lesser skilled population. Athletes are also susceptible to injury, which can limit their participation in tasks that require a significant physical or motor component. Therefore, taking into consideration these difficulties, our sample size was appropriate for measures conducted in the field setting (see Triolet et al., 2013; Müller et al., 2015b). Second, we focused upon two competition performance indicators. There are of course other competition indicators such as number of possessions or contested possessions. Future research is clearly needed to determine how interacting interdisciplinary individual constraints predict a broader range of competition performance indicators.

In summary, we found that an interdisciplinary approach, underpinned by a constraints theoretical framework, provides a more comprehensive understanding of sport performance. This provides support to a constraints theory explanation of sport performance, which could also be extended to interdisciplinary performance change over time due to practice or experience (learning). Our interdisciplinary approach also allowed individual differences and representative task design to be quantified. This is vital because athlete development is based upon an individual approach to test and train, which requires the use of suitable representative tests. Collectively, it is surprising that teams of sports science researchers have not frequently collaborated to more comprehensively understand performance. Although we earlier discussed obstacles to interdisciplinary research, multi-disciplinary research teams exist across sports science institutes, sports organizations, and universities around the world. Perhaps the findings from this study might stimulate opportunities for collaboration between sports scientists and academics, which can help coaches better prepare individual athletes in a holistic manner for competition.



DATA AVAILABILITY STATEMENT


The datasets for this article are not publicly available because of confidentiality reasons. Requests to access the datasets should be directed to Ben Piggott, benjamin.piggott@nd.edu.au.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Notre Dame Australia Human Research Ethics Committee. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.



REFERENCES

 Abernethy, B., Hanrahan, S. J., Kippers, V., Mackinnon, L. T., McManus, A. M., and Pandy, M. G. (2013). Biophysical Foundations of Human Movement, Vol. 3. Champaign, IL: Human Kinetics.

 Araújo, D., and Davids, K. (2015). Towards a theoretically-driven model of correspondence between behaviours in one context to another: implications for studying sport performance. Int. J. Sport Psych. 46, 745–757. doi: 10.7352/IJSP.2015.46.745

 Bonney, N., Berry, J., Ball, K., and Larkin, P. (2019a). Australian football skill-based assessments: a proposed model for future research. Front. Psych. 10:429. doi: 10.3389/fpsyg.2019.00429

 Bonney, N., Berry, J., Ball, K., and Larkin, P. (2019b). Validity and reliability of an Australian football small-sided game to assess kicking proficiency. J. Sports Sci. 38, 79–85. doi: 10.1080/02640414.2019.1681864

 Buekers, M., Ibáñez-Gijón, J., Morice, A., Rao, G., Mascret, N., Laurin, J., et al. (2016). Interdisciplinary research: a promising approach to investigate elite performance in sports. Quest 69, 1–15. doi: 10.1080/00336297.2016.1152982

 Cardinale, M. (2017). Commentary on “towards a grand unified theory of sports performance”. Hum. Move. Sci. 56, 160–162. doi: 10.1016/j.humov.2017.04.015

 Chow, J. Y., Davids, K., Button, C., and Koh, M. (2008). Coordination changes in a discrete multi-articular action as a function of practice. Acta Psych. 127, 163–176. doi: 10.1016/j.actpsy.2007.04.002

 Cohen, J. (1998). Statistical Power Analysis for the Behavioral Sciences, 2nd Edn. Hillsdale, NJ: Erlbaum Associates.

 Coutts, A. J., Quinn, J., Hocking, J., Castagna, C., and Rampinini, E. (2010). Match running performance in elite Australian Rules Football. J. Sci.Med. Sport. 13, 543–548. doi: 10.1016/j.jsams.2009.09.004

 Cripps, A., Jacob, Y., Walker, J., and Piggott, B. (2018). Literature review: anthropometric, strength and physical capacities of senior and junior Australian footballers. J. Aust. Stre. Cond. 26, 78–84. Available online at: https://www.strengthandconditioning.org/journal/394-the-journal-of-australian-strength-and-conditioning-jasc

 Delaney, J., Thornton, H., Burgess, D., Dascombe, B., and Duthie, G. (2017). Duration-specific running intensities of Australian Football match-play. J. Sci.Med. Sport. 20, 689–694. doi: 10.1016/j.jsams.2016.11.009

 Ericsson, A., Hoffman, A., Kozbelt, A., and Williams, A. M. (2018). Cambridge Handbook of Expertise and Expert Performance. Cambridge: Cambridge University Press.

 Freedson, P. (2009). Interdisciplinary research funding: reaching outside the boundaries of kinesiology. Quest. 61, 19–24. doi: 10.1080/00336297.2009.10483597

 Gabbett, T., and Benton, D. (2007). Reactive agility of rugby league players. J. Sci.Med. Sport. 12, 212–214. doi: 10.1016/j.jsams.2007.08.011

 Gabbett, T., Jenkins, D., and Abernethy, B. (2011). Relationships between physiological, anthropometric, and skill qualities and playing performance in professional rugby league players. J. Sports Sci. 29, 1655–1664. doi: 10.1080/02640414.2011.610346

 Gastin, P., Meyer, D., and Robinson, D. (2013). Perceptions of wellness to monitor adaptive responses to training and competition in elite Australian football. J. Str. Cond. Res. 27, 2518–2526. doi: 10.1519/JSC.0b013e31827fd600

 Ghisletta, P., and Spini, D. (2004). An introduction to generalized estimating equations and an application to assess selectivity effects in a longitudinal study on very old individuals. J. Educ. Behav. Stat. 29, 421–437. doi: 10.3102/10769986029004421

 Giles, B., Goods, P., Warner, D., Quain, D., Peeling, P., Ducker, K., et al. (2018). Mental toughness and behavioural perseverance: a conceptual replication and extension. J. Sci. Med. Sport. 21, 640–645. doi: 10.1016/j.jsams.2017.10.036

 Glazier, P. S. (2015). Towards a grand Unified theory of sports performance. Hum. Movem. Sci. 56, 139–156. doi: 10.1016/j.humov.2015.08.001

 Gorman, A. D., and Maloney, M. A. (2016). Representative design: does the addition of a defender change the execution of a basketball shot? Psych. Sport Ex. 27, 112–119. doi: 10.1016/j.psychsport.2016.08.003

 Gucciardi, D., Hanton, S., Gordon, S., Mallett, C., and Temby, P. (2015). The concept of mental toughness: tests of dimensionality, nomological network, and traitness. J. Pers. 83, 26–44. doi: 10.1111/jopy.12079

 Higgins, J. R. (1977). Human Movement: An Integrated Approach. Saint Louis: The C. V. Mosby Company.

 Keller, B., Raynor, A., Iredale, F., and Bruce, L. (2018). Tactical skill in Australian youth soccer: does it discriminate age-match skill levels? Int. J. Sports Sci. Coach. 13, 1057–1063. doi: 10.1177/1747954118760778

 Mooney, M., O'Brien, B., Cormack, S., Coutts, A., Berry, J., and Young, W. (2011). The relationship between physical capacity and match performance in elite Australian football: a mediation approach. J. Sci. Med. Sport. 14, 447–452. doi: 10.1016/j.jsams.2011.03.010

 Müller, S., Brenton, J., Dempsey, A. R., Harbaugh, A. G., and Reid, C. (2015a). Individual differences in highly skilled visual perceptual-motor striking skill. Att. Perc. Psych. 77, 1726–1736. doi: 10.3758/s13414-015-0876-7

 Müller, S., Brenton, J., and Rosalie, S. M. (2015b). Methodological considerations for investigating expert interceptive skill in situ settings. Sport Ex. Perf. Psych. 4, 254–267. doi: 10.1037/spy0000044

 Newell, K. M. (1986). “Constraints on the development of coordination,” in Motor Development in Children: Aspects of Coordination and Control, eds M. G. Wade and H. T. A. Whiting (Amsterdam: Springer), 341–360. doi: 10.1007/978-94-009-4460-2_19

 O'Shaughnessy, D. M. (2006). Possessions versus position; strategic evaluation in AFL. J. Sport Sci. Med. 5, 533–540.

 Pan, W. (2001). Akaikes information criterion in generalized estimating equations. Biometrics 57, 120–125. doi: 10.1111/j.0006-341X.2001.00120.x

 Piggott, B., McGuigan, M., and Newton, M. (2015). The relationship between physical capacity and match performance in semi-professional Australian Rules Football. J. Str. Cond. Res. 29, 478–482. doi: 10.1519/JSC.0000000000000765

 Piggott, B., Müller, S., Chivers, P., Burgin, M., and Hoyne, G. (2019a). Coach rating combined with small-sided games provides further insight into mental toughness in sport. Front. Psych. 10:1552. doi: 10.3389/fpsyg.2019.01552

 Piggott, B., Müller, S., Chivers, P., Cripps, A., and Hoyne, G. (2019b). Small-sided games can discriminate perceptual-cognitive-motor capability and predict disposal efficiency in match performance of skilled Australian footballers. J. Sports Sci. 37, 1139–1145. doi: 10.1080/02640414.2018.1545522

 Piggott, B., Müller, S., Chivers, P., Papaluca, C., and Hoyne, G. (2019c). Is sports science answering the call for interdisciplinary research? A systematic review. Eur. J. Sport Sci. 19, 267–286. doi: 10.1080/17461391.2018.1508506

 Pinder, R. A., Davids, K., Renshaw, I., and Araújo, D. (2011a). Manipulating informational constraints shapes movement reorganization in interceptive actions. Att. Perc. Psych. 73, 1242–1254. doi: 10.3758/s13414-011-0102-1

 Pinder, R. A., Davids, K., Renshaw, I., and Araújo, D. (2011b). Representative learning design and functionality of research and practice in sport. J. Sport Ex. Psych. 33, 146–155. doi: 10.1123/jsep.33.1.146

 Steel, K., Harris, B., Baxter, D., King, M., and Ellam, E. (2014). Coaches, athletes, skill acquisition specialists: a case of misrecognition. Int. J. Sports Sci. Coa. 9, 367–378. doi: 10.1260/1747-9541.9.2.367

 Triolet, C., Benguigui, N., Le Runigo, C., and Williams, M. (2013). Quantifying the nature of anticipation in professional tennis. J. Sports Sci. 31, 820–830. doi: 10.1080/02640414.2012.759658

 Woods, C., McKeown, I., Shuttleworth, R., Davids, K., and Robertson, S. (2019). Training programme designs in professional team sport: an ecological dynamics exemplar. Hum. Move. Sci. 66, 318–326. doi: 10.1016/j.humov.2019.05.015

 Woods, C. T., Cripps, A., Hopper, L., and Joyce, C. (2017). A comparison of the physical and anthropometric qualities explanatory of talent in the elite junior Australian football development pathway. J. Sci. Med. Sport. 20, 684–688. doi: 10.1016/j.jsams.2016.11.002

 Woods, C. T., Raynor, A. J., Bruce, L., and McDonald, Z. (2016a). Discriminating talent-identified junior Australian football players using a video decision-making task. J. Sport Sci. 34, 342–347. doi: 10.1080/02640414.2015.1053512

 Woods, C. T., Raynor, A. J., Bruce, L., McDonald, Z., and Robertson, S. (2016b). The application of a multi-dimensional assessment approach to talent identification in Australian football. J. Sport Sci. 34, 1340–1345. doi: 10.1080/02640414.2016.1142668

 Young, W., and Pryor, L. (2007). Relationship between pre-season anthropometric and fitness measures and indicators of playing performance in elite junior Australian Rules football. J. Sci.Med. Sport. 10, 110–118. doi: 10.1016/j.jsams.2006.06.003

 Zaichkowsky, L., and Peterson, D. (2018). The Play Makers Advantage: How to Raise Your Mental Game to the Next Level. New York, NY: Gallery/Jeter Publishing.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Piggott, Müller, Chivers, Cripps and Hoyne. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fspor-02-00014-t002.jpg
Model Parameter
Model 1 (QIC 1141) Intercept

3x Tkm
Model 2 (QIC 1424) Intercept

MTC
Model 3 (QIC 697) Intercept

SSG Test Score

Estimate (8)

1.78
-0.01
-3.05

0.03
-8.07

1.19

SE

268
0.01
0.98
0.02
2.18
0.40

95% CI

—3.48107.04
—0.01t00.01
—-4.97to -1.12
—0.02t0 0.07
-12.35t0 -3.79
03910 1.99

p-value

0.507
0.185
0.002
0210
0.001
0.003*

*Indicates a significant difference p < 0.05. SE, standard error; Cl, confidence intervals; MTC, Mental Toughness Coach; QIC, Quasi Likelihood under Independence Model Criterion.





OPS/images/fspor-02-00014-t003.jpg
Parameter Estimate (§)  SE 95% CI P

Intercept (QIC 84,155) 22.88 3165 -39.15t084.92 0.470
3 x 1km -0.06 0.03 —-0.13t00.01 0.077
MTC 0.37 0.12 0.1310 0.61 0.002*
SSG Test Score 12.34 3.08 6.29t0 18.38 0.001*

“Indicates a significant difference p < 0.05. SE, standard error; Cl, confidence
intervals; MTC, Mental Toughness Coach; QIC, Quasi Likelihood under Independence
Model Criterion.






OPS/images/fspor-02-00014-g003.gif
deg, drt deds






OPS/images/fspor-02-00014-t001.jpg
Model Parameter
Model 1 (QIC 176,119) Intercept

3x 1km
Model 2 (QIC 2234,463) Intercept

MTC
Model 3 (QIC 110,014) Intercept

SSG Test Score

Estimate ()

108.46
-0.07
48.06
037
-1.62
12.51

SE

21.97
0.03
791
0.18

18.48
3.50

95% Cl

65.39t0 161.62
-0.1310 0.01
33.56 to 63.57
0.03t00.72

—37.85t0 34.61
5.65t0 19.38

P

0.001
0.047*
0.001
0.035*
0.930
0.001*

*Indicates a significant difference p <0.05. SE, standard error; Cl, confidence intervals; MTC, Mental Toughness Coach; QIC, Quasi Likelihood under Independence Model Criterion.





OPS/images/fspor-02-00014-t004.jpg
Al Disposal efficiency

n=21 Low (< 60%) Medium
n=4 (60-70%) n = 10
Age 2124311 19.50 + 1.80 20.90 + 2.33
3 x 1km (s) 6452452628 647252361 656,00 +30.41
MTC 43.19 + 5.59 3825 +7.81 44.20 £ 4.85
$SG Score 53132 5.01+014 5284027
Disposal efficiency ~ 67.33  6.47 - -
Coach vote 150 £ 1.14 - -

MTC, Mental Toughness Coach; SSG, Small Sided Games.

High (> 70%)
n=17

2271+ 431
628.71 + 11.00
4457 +4.28
5.53+0.31

Low (< 1)
n=1

19.57 +1.72
664.57 +29.31
40.29 +6.10
5.16 £0.25

Coach vote

Medium (1-2)
n=8

2213 £3.48
639.75+ 24.02
44.50 + 3.90
5.39 £0.38

High (> 2)
n=6

22.00 +3.52
630 + 851
44.83 + 643
5.40 £ 0.30





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Interdisciplinary Sport Research Can Better Predict Competition Performance, Identify Individual Differences, and Quantify Task Representation



		Introduction



		Materials and Methods



		Participants



		Materials and Procedures



		3 × 1 km Time Trials



		Mental Toughness Coach Rating



		Small-Sided Games



		Disposal Efficiency



		Coach Vote



		Data Analysis







		Results



		Monodisciplinary and Interdisciplinary Approaches



		Group and Individual Differences



		Representative Task Design







		Discussion



		Limitations and Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Sports and Active Living

Interdisciplinary Sport Research
Can Better Predict Competition
Performance, Identify Individual
Differences, and Quantify Task
Representation





OPS/images/fspor-02-00014-g001.gif





OPS/images/fspor-02-00014-g002.gif
dpe, 4172 et










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Sports and Active Living





