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ABSTRACT
The aim of this study was to investigate the kinematic and kinetic variables of lateral dives to dominant and non-dominant sides by a cricket fielder in an attempt to catch a thrown ball. Also to identify different techniques used by cricketers to achieve the movement and assess the effectiveness of each. Subjects (n = 6) were required to intercept a ball throw twice to their left side and twice to their right, diving from a standing position. This movement was analysed using automated motion analysis systems to quantify the variables. It was found that there were significant differences between the angles at initiation of movement both between participants (P=0.000) and within participants (P=0.000) and at take-off between participants (P=0.006) and within participants (P=0.000). Kinematic analysis showed that vertical (P = 0.014) peak force production was significantly greater and horizontal (P = 0.023) peak force production was significantly lower when participants moved to the right side compared to their left. Initiation of movement to ball contact time was found to be significantly different between participants (P = 0.000), leading to the participants being divided into two groups based on this. Trigger movement length was found to be significantly different between participants when they were compared as a full sample (P = 0.003) and when divided into the two groups, the difference in trigger movement length was significant between the two groups (P = 0.000). The trigger movement was found to have correlation with the initiation of movement to ball contact time (r2 = 0.51). From this finding it was recommended that the ready position of a fielder should display slight external rotation of the hips, to ease lateral movement and reduce the requirement for a trigger movement prior to diving to intercept the cricket ball.
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Introduction
Cricket is a rapidly developing sport, and with this development comes adaptations in the technique and style of players, particularly within the fielding discipline as it begins to rival batting and bowling as an area for expertise and spectator interest (Von Hagen et al., 2000; Cook and Strike, 2000). Alongside this development, the influence of science on technique has also risen as the first teams begin to use science to improve all aspects of the game and others look to catch up by mimicking their approach (Mansingh, 2006). This is being enabled by massive investment in cricket since the invention of Twenty20 cricket, particularly with the franchise based Indian Premier League where large sums of money are being invested by sponsors and franchise owners. This brings the expectation for performances of the highest quality from their players under the increased pressure of Twenty20 rulings which provide very little room for mistake or error from any player (Peterson et al., 2008). The increase in biomechanical research is clear to see within the discipline of batting (Taliep et al., 2007; Sarpeshkar and Mann, 2011; Portus and Farrow, 2011). Although Portus and Farrow (2011) still report that batting has only received moderate attention. It is also evident in bowling (Salter et al., 2007; Ferdinands et al., 2009; Chin et al., 2009; Stuelcken et al., 2010) which has received detailed attention due to the injurious nature and the recent adaptations of the laws for spin bowling. In comparison, fielding has not been investigated in any detail. Rudkin and O’Donoghue (2008) investigated the physical demands of fielding and technical studies of throwing, interception techniques and catching were identified by Bartlett (2003).
Mansingh (2006) also identified that the rapid recent development in cricket had led to an increase in the volume and intensity of competition amongst the professional game. This has increased the requirement for cricketers to be competent at a professional level in at least two of the three disciplines, forcing bowlers to adapt their perception of fielding greatly and match batsmen in the area. Orchard et al. (2006) showed that there had been an increase of 30% in playing hours for professional cricketers in the ten years preceding their study, but injury occurrences had remained similar throughout this time period. Mansingh (2006) commented on these findings to state that this would be due to the influx of injury studies on elite male cricket from a variety of test playing nations. This has lead to improvements in equipment and adaptations of laws such as the movement of the boundary rope inwards to allow a run-off area for fielders and this has been shown to have reduced ankle injuries significantly (Orchard et al., 2006) and to have allowed new techniques to be used when gathering the ball close to the boundary, mainly the sliding stop (Bartlett, 2003). It would therefore be assumed that further research into other contemporary skills within fielding is required, initially to improve performance and then to assess the injury risk of these skills. 
Bartlett (2003) used the cliché of “catches win matches”, commenting that despite this well known phrase, there is still very limited research into cricket fielding. He went on to identify that fielding was a discipline with a large variation in demands from one position to another, particularly the difference between a wicket keeper and an outfielder. A wicket keeper must expect to field every single ball of a full day’s play, where as an outfielder was shown by Rudkin and O’Donoghue (2008) to field the ball 0.5 times per over in first class cricket. Bartlett (2003) also identified that fielding included many other lateral movements that were not ergonomically sound especially from the wicket keeper who must maintain their focus and concentration throughout the each day as they prepare for every ball, expecting to have to react to it. They are expected to gather any ball which travels within a reachable distance of them as they look to intercept balls travelling in excess of 140 km.h-1 (Bartlett, 2003). The definition of reachable here is considerably further than would be expected by any other member of the team as they execute specialist techniques, only recently being adopted by fielders in other positions, placing extreme strain on the body to cover maximum distance.
This study therefore aims to investigate the technique used by a slip fielder when they are required to dive maximally to either side in order to intercept the ball and take the catch by quantifying the kinematic and kinetic variables of this movement. It aims identify an efficient body position to take-up prior to the movement.
Literature Review
Bartlett (2003) highlights the lack of research into fielding as it is one of the most recent publishings to have involved it’s techniques, reviewing studies from Cook and Strike (2000) who investigated throwing, Von Hagen et al. (2000) who studied the then controversial, sliding stop and Scott et al. (2000) who tested the effects of ball colour and lighting on the ability of participants to catch a ball. This review also included references to Stretch’s (1993) injury study, comparing fielders to batsman and bowlers in the incidence of injury.
Cook and Strike (2000) divided fielding into two key phases, pick-up and throw. They therefore justified that throwing was a key skill in cricket and chose to breakdown this into its own sub-phases, ignoring the pick-up. They asked the subject to gather the ball from a stationary position initially and then to intercept a rolled ball. However, they chose not to include the interception and preparatory phase of the skill when extracting their data and instead concentrated on the accumulation of power through the throwing movement. As a result of this, they were able to quantify the positioning of the key kinematic variables of the throwing action so that they could identify the significant differences in the throwing action between 20 m and 40 m throws. They found that the maximum ball release speed (29.5 m.s-1) and elbow extension angular velocity (30.1 rad.s-1) was achieved when the ball was intercepted at an angle to the throw when a 40 m throw was required. Although this throw had a lower maximum external shoulder rotation angle than the other two 40 m throws, maximal and sub-maximal throws with a straight approach.
Von Hagen et al. (2000) included the pick-up and throw within their case study of the sliding stop, where a fielder slides alongside the ball on the opposite leg to their throwing arm, then stands up using the dominant foot to stop the slide and stand up with assistance from the non-throwing hand. In the initial case study, the fielder did not contact the ground with the dominant leg and did not use the non-throwing arm to aid them standing up. This meant that they were extending the opposite leg whilst pivoting on this same leg to throw the ball. The torque produced from this movement was sufficient to cause a meniscal tear. From these findings, it was suggested that novice athletes and inexperienced coaches were discouraged from utilizing or teaching this skill due to the injurious nature of it.
Scott et al. (2000) fully considered the most influential variation of the pick-up fielding phase, catching. They examined the effect that the then recent, change in ball colour and the introduction of day-night cricket had on the catching ability of slip fielders, questioning whether the commercialisation of cricket when coloured one-day kits and white balls were introduced had increased the difficulty of catching, in particular slip catching. They used the traditional red ball and the new white ball and compared the ability of the fielders to identify the trajectory of the different coloured balls. This was done against textured backgrounds in a variety of luminance, using an adapted catching performance scale (1-5) and taking a mean score of the 10 trials of each colour at three different luminance levels, finding no significant difference between any of the conditions. They also compared the movement initiation time and once again found no significant difference, meaning that the colour changed could be accepted as not having an effect on slip fielding performance. 
Bartlett (2003) compared slip fielders to wicket keepers as they both look to catch deliveries that have deviated off the edge of the bat at a low height. Mayhoe et al. (2005) added to the evidence that slip catching is a very demanding skill by reporting that the catching skill is very similar to that of batting, when reacting to the trajectory of a ball. It was stated by Land and Mcleod (2000) that batsman must anticipate the bounce of deliveries released at speeds greater than 25 m.s-1 to within 3 cm in height and 3 milli-seconds (ms) in time taken to reach them in order to play a shot with a horizontal bat. The slip fielder usually stands a similar distance from the batsman to that of the batsman from the bowler’s release point. When it is considered that fielder will have to react to a second point of contact (with the bat) if it occurs to supply a catch opportunity, then the speed and accuracy of the fielders reactions become apparent, even with the deceleration of the ball taken into account. Laurent et al. (1994) introduced the idea that this reaction and catch time is broken into two components, movement of the hand into the correct position and then orientation of the hand to make the catch and grasp the ball.
Whereas Scott et al. (2000) instructed their participants not to anticipate the trajectory of the ball from each trial, Mayhoe et al. (2005) discussed and investigated the anticipatory movement of performers catching a ball. They adopted the same measurement technique used by Land and Mcleod (2000) who attached head mounted eye cameras to their participants to identify the gazing pattern of each batsman. Land and Mcleod (2000) found that the eyes were fixated on the point of release from the bowling machine until the moment of release, where they were slightly delayed behind the ball whilst the reaction was processed and then they moved to the anticipated position of the bounce. Mayhoe et al. (2005) similarly found that the fielders’ eyes fixated on the release point until 61ms after release and then quickly moved to an anticipated bounce position in reaction to the release, 53 ms before the actual bounce of the ball. They stated that the saccade, rapid eye movement from one fixed point to another, must take a minimum of 200 ms and therefore assumed that the fielder must be anticipating the release and trajectory of the ball before release occurs. The participants were using a tennis ball and when this was replaced with a more dynamic ball, it was found to reduce the participant’s ability to maintain the ball within view by 100 ms, where the eyes were not experienced in estimating the flight and bounce of this different ball. They conclude that the subjects used internal models of trajectory in order to aid their reactions to the ball.
Laurent et al. (1994) similarly used temporal constraints to test the control and co-ordination of their participants, this time testing just the movements of a single catching hand.  Similarly to Mayhoe et al. (2005), Laurent et al. (1994) used the extreme parameters of human reactions to identify how much anticipatory movement was involved in the skill. They used a range of available reaction time between 350 and 550 ms and the reduction in reaction time was found to have a significant impact on the ability of the participants to catch each ball (P < 0.01) but no significant effect on the spatial errors.
Cowling and Steele (2001) also investigated co-ordination during the catching movement, but instead of hand-eye co-ordination, they chose to study the link between upper and lower limb kinematics and the effect that this had on the extra force that the lower limb joints were required to absorb in comparison to a movement, catch, with no upper limb movements. They reported that there was an increase in vertical ground reaction force when the catch was required but this was insignificant. They found a significant difference in the activation of the biceps femoris and rectus femoris muscles (P = 0.004) and this means that the two muscles were contracting with less of an interval, increasing the risk of anterior cruciate ligament injury.
Bartlett (2003) used his knowledge of the then current research into cricket catching to identify two possibly future research avenues. One of which suggested studying the effects of monocular and binocular information on the limb-eye co-ordination required to catch and the other aspect suggested was the relative importance of prediction and perception when attempting to intercept a moving ball. However, since this study, the continued development of cricket has amplified the need to investigate the more athletic movements made by a fielder, as fielding begins to rival batting and bowling for spectator interest and so the more aesthetically pleasing movements gain recognition and popularity. One of these more aesthetically pleasing techniques is the diving catch, which previously has not received any research but could be defined as a combination of reaction, limb-eye co-ordination, lateral gross movement and the catch. The only section of this to not be currently studied with reference to cricket is the gross lateral movement. This movement would be similar to that used by a football goalkeeper when making a save, studied by Spratford et al. (2009). It has been overlooked so far by cricket research due to the complex nature of the movement, as researchers investigate the relatively simple nature of batting and stationary catching and more closed skills such as bowling and throwing. With the rapid development of cricket, it becomes essential to investigate the contemporary skills being developed, so that they can be fully understood from performance and injury perspectives and then taught safely by coaches to enhance the performance of cricketers at all levels.
Spratford et al. (2009) used penalty saving as a closed skill to investigate the preferred to non-preferred difference in diving movement pattern and examine the asymmetries so that coaches can balance any inequalities. They found that when diving to the non-preferred side, hip extension was significantly greater (P = 0.008) at take-off and the pelvis, at low and medium dive heights (P = 0.001) and at the high dive height (P = 0.03) showed significantly greater lateral rotation across all measurement points, movement initiation, take-off and ball contact. This shows a more rapid hip extension and more bodily rotation to the non-preferred side. From kinetic data, peak ankle join moments were significantly lower for low dive height and also for the ankle at the medium height (P = 0.05). However, the knee joint moment was significantly higher to the non-preferred side at all heights (P = 0.05). This suggests that the hip and ankle are unable to produce equal force across dominant and non-dominant sides and this deficit is compensated for by the knee joint. This compensation is shown to be insufficient since the centre of mass velocity was significantly lower at take-off to the non-preferred side to low and medium dive heights (P = 0.001) and this may have been effected by greater centre of mass heights at all dive heights (P = 0.001).
Meylan et al. (2010) compared horizontal jump force curves to that of vertical and lateral jumps and compared dominant to non-dominant across these jump directions aiming to quantify the reliability of the variables recorded across all conditions. They found the peak horizontal power in relation to body weight to be reliable and to be the best predictor of horizontal jump distance from a linear stepwise regression.
When the information from Meylan et al. (2010) is considered alongside the catching and co-ordination research, it becomes interesting to investigate the limits of a fielding range when attempting a diving stop or catch, fielding close to the bat. It would furthermore be interesting to investigate the interaction between distance covered and ability of the player to catch the ball, similar to that examined by Laurent et al. (1994) The methodology could replace ball speed with distance and adapt the method and selected variables from Spratford et al, (2009) so that the kinetic and kinematic components of the movement are identified to quantify the efficiency of the techniques used by participants.
Therefore, this study aims to investigate the kinematic and kinetic variables of lateral dives to dominant and non-dominant sides by a cricket fielder in an attempt to catch a thrown ball. It aims to identify different techniques used by cricketers to achieve the movement and assess the effectiveness of each.












METHODS

Participants
A sample of club standard, former county junior, cricketers (n = 6) aged 20 ± 0 years of age, with a mean height of 1.79 ± 0.07 m and a mean mass of 75.8 ± 6.3 kg participated in this study. All six participants were right-side dominant, based on kicking leg and throwing arm dominance. All participants were provided with a participant information sheet (Appendix A) and signed an informed consent form (Appendix B) as per Cardiff Metropolitan University guidelines.
After the use of a pilot study, the performance environment, as seen in figure 1, was set-up with a crash mat to each side of two adjacent Kistler 5233A Force Plates (Kistler, Winterthur, Switzerland), 1.8 m from the divide between the two force plates. Each of these crash mats had another mat placed on its edge behind them. These secondary mats each had a 30 cm2 target marked on them and were also used to stop any balls in unsuccessful trials, where the participant was unable to make contact. The secondary crash mats were adjusted so that the centre of the target was 1 m from the floor and 1.8 times each participant’s height from the divide between the force plates, to normalise for body height. Finally, the feed was performed from 6 m in front of the force plates. To record the trials, two Sony HVR-Z1E Video Cameras (Sony, Japan) recording at 50 Hz were placed at 45° angles from the force plates’ x axis so to intercept at 90°. Nakedeye Technology Synchronisation Lights (Bath, UK) and trial boards were placed in front of each crash mat so that each camera had one of each in view. Before the trials were undertaken, a 25 point three dimensional calibration frame was placed in the performance area, where both cameras could see every point. The vertical displacement of the frame from the ground was recorded, so that this could be removed later in the data extraction.
[image: ]
Figure 1. The performance environment layout and dimensions (Not to scale).
Data Collection
The participants’ heights were measured using a Harpenden 602 Stadiometer (Holtain Ltd, Pembrokeshire, UK) and weights with a set of Seca 7701321004 weighing scales (Seca, Hamburg, Germany) before being allowed to complete their own preferred warm-up consisting of jogging, diving and static and dynamic stretching. They were then allowed practice trials to both sides to aid familiarisation with the environment and procedure. For the study, participants were asked to complete six successful trials, three to each side. Trials consisted of the participant reacting to an under-arm throw performed by a feeder 6 m directly in front of the centre of the force plates. The feeder followed a pre-determined order of direction (Appendix C) and were required to take a single step in the direction in which they were about to throw the ball, to provide an initial cue for the participant, similar to the way a batsman would use their feet and body position to direct a shot.
Successful trials were defined as trials where the feed had the correct trajectory to hit the 30 cm2 target and when each of the participants feet were on their respective force plates at the start of each trial and at the point of take-off. If a trial was identified as unsuccessful, then the feeder continued down the predetermined order, with the unsuccessful trial(s) being repeated, in the order that they were first attempted, once the first six trials had been completed.
The video recordings were cropped using Dartfish TeamPro V4.5.2.0 video analysis software (Dartfish, Switzerland) and the successful trials were identified to be imported to Peak Motus 9.0 Software (Vicon, Los Angeles, CA) using the trial boards to refer to the record of successful trials taken by the investigator. The trials were then further examined to check that they met the conditions required for a successful trial. This was done using the slow motion picture available in Peak Motus and the force data obtained from the force plates and CODAmotion V6.78.2 Software (Charnwood Dynamics Ltd, Leicestershire, UK), which had a sampling rate of 200 Hz, and it was judged that all 6 participants met the guidelines four times out of the previously stated six and therefore, four trials would be analysed. The calibration frame was initially digitised to create a template identifying the dimensions of the performance area for the software. After this, the recordings of each trial were imported, then synchronised using the synchronisation lights to signify the time lapse between the two cameras and to allow the software to adjust for the difference. 
Data Processing
The left metatarsophalangeal (MTP), left ankle, left knee, left hip, left shoulder, left elbow, left wrist, right MTP, right ankle, right knee, right hip, right shoulder, right elbow, right wrist and head were digitised in each frame from both camera angles to give co-ordinates to allow the Peak Motus software to create a three-dimensional figure. These co-ordinates were filtered using a low pass Butterworth filter at a frequency that was automatically calculated using a residual analysis by the software. Once this had been completed, the co-ordinates in x, y and z axes where calculated by giving perspective to the camera views using the previously digitised calibration frame and it’s dimensions to enable the software to give dimensions to the performance area within the recorded images. From this, the joint angles were calculated as the angle between the three points which create the joint. Consequently, the joint angular velocities were also calculated by the software by differentiating the angle-time graphs created from the change in each joint angle through each image in the recordings. These were extracted to Microsoft Excel along with peak vertical and horizontal force from CODAmotion to enable them all to be collated and to ease the movement of this data into analysis software.

Data Analysis
The digitisation reliability was tested using a test-retest method, where the first trial for each participant was digitised on two different occasions and the difference between the co-ordinates obtained from this was tested using a repeated measures Analysis of Variance (ANOVA) once the two assumptions of this parametric test had also been tested. Firstly normality was tested for by performing an Anderson-Darling (1952) test on the residuals obtained from the ANOVA, then scedasticity was identified using an x-y scatter graph of the absolute differences of the test and re-test co-ordinate with the mean of the two. However, the ANOVA was still used in accordance with Vincent (2005), who commented that parametric tests are robust enough to be valid even when the assumptions are not met. After this, the intra-participant reliability was also tested in a similar manner using two recorded trials to each side as the test and re-test across 12 conditions (Left and Right for each subject). This was completed using Minitab 15 software (Minitab Inc., P.A., U.S.A.).
For analysis, peak vertical and horizontal forces from the diving and opposite, deemed as the leg that the participant did not take off using, legs were combined with the time between and the angle and angular velocity at the ankle, knee, hip, shoulder and elbow where possible at the initiation of movement, take-off and ball contact and the trigger movement step length to give a description of each trial. Minitab 15 was again used to perform ANOVA’s to test for differences between the peak horizontal and vertical force produced for left and right trials, once again testing the data for normality and scedasticity initially, but referring to Vincent’s (2005) statement that parametric tests were robust enough to be used with data that does not meet their criteria. Then the right and left trials were analysed for differences to investigate whether there was a difference between participants. After this, the times between initiation and take-off, take-off and ball contact and initiation and contact were also analysed using ANOVA’s to check for differences between participants for these three measurements. Further testing was carried out on instances where there was found to be a significant difference (P < 0.05) between the times of each participant to see if there were clear groupings within the participants. Pearson’s correlation was used to test for correlation between the recorded variables and the time taken between the initiation of movement and take-off to investigate whether any of the variables had a clear effect on the time taken.
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RESULTS

Vertical peak force (P = 0.014)  production was found to be significantly greater and horizontal peak force (P = 0.023)  production was found to be significantly lower when participants moved to the right side over their left, despite the right side being dominant for all participants (Table 3). There were found to be significant inter-participant differences between the peak vertical force to the right side (P = 0.034) and the peak horizontal forces attained to both the right (P = 0.028) and left             (P = 0.035) sides (Table 4) as well as the initiation of movement to take-off time      (P = 0.000), initiation of movement to ball contact (P = 0.000), take-off to ball contact (P = 0.036) and trigger movement length (P = 0.003) (Table 6). Further difference testing lead to the group being divided in two, dependant on significant difference in the initiation of movement to ball contact times (P = 0.001). The group with the shorter initiation of movement to ball contact time was also found to have a significantly shorter initiation of movement to take-off time (P = 0.002) and trigger movement length (P = 0.000) (Table 7).
Table 1. The standard deviation, systematic bias, random variation and intraclass correlations of all of the marker positions that’s residuals have normal distribution
	Point
	Axis
	Standard Deviation (m)
	Systematic Bias (m)
	Random Deviation (m)
	ICC

	Right MTP
	Y
	0.003
	0.001
	0.006
	0.999

	Right Knee
	Z
	0.005
	-0.002
	0.010
	0.997

	Right Hip
	X
	0.024
	0.033
	0.047
	0.999

	Right Shoulder
	X
	0.009
	0.006
	0.018
	1.000

	Right Shoulder
	Z
	0.015
	0.011
	0.030
	0.897

	Right Elbow
	Y
	0.010
	-0.010
	0.020
	0.986

	Right Wrist
	X
	0.007
	-0.003
	0.013
	1.000

	Left Hip
	X
	0.010
	0.012
	0.020
	1.000

	Left Hip
	Z
	0.012
	-0.007
	0.024
	0.991

	Left Elbow
	Y
	0.004
	-0.001
	0.009
	1.000

	Left Wrist
	X
	0.006
	-0.004
	0.011
	1.000

	Head
	Z
	0.011
	0.028
	0.022
	0.986


Table 1 shows that all variables which have normally distributed residuals have very high intraclass correlation coefficients. Out of the twelve variables found to have normal distribution, five were found to have an intraclass correlation coefficient of 1.000, suggesting that they have perfect relative reliability. This statement should however be considered with caution when using a test re-test methodology. The largest systematic bias from these results is 0.033 m, confirming further the reliability of the results, as this is the mean difference between the test and re-test digitisations.
In the second reliability test, where the angle of each joint was tested to left and right directions for a significant difference between test and re-test, 47 out of 120 individual Analyses of Variance (ANONA’s) exhibit F ratios > 4.40 with P values       < 0.05. This indicated a lack of intra-participant reliability and meaning that trials should be considered individually (Appendix D).
Table 2. The direction and peak vertical and horizontal forces produced during each trial by the diving and opposite legs with the overall and directional means and standard deviations 
	Participant
	Trial
	Direction
	Peak Diving Leg Vertical Force (BW)
	Peak Diving 
Leg Horizontal 
Force (BW)
	Peak Opposite Leg Vertical Force (BW)
	Peak Opposite Leg Horizontal Force (BW)

	1
	1
	Right
	1.685
	0.987
	1.408
	0.528

	
	2
	Left
	2.326
	0.990
	2.412
	0.904

	
	3
	Left
	1.676
	0.947
	1.913
	0.971

	
	4
	Right
	1.953
	1.164
	1.530
	0.495

	2
	1
	Left
	1.936
	1.332
	1.847
	0.501

	
	2
	Left
	2.144
	1.326
	1.630
	0.503

	
	3
	Right
	2.027
	1.154
	3.670
	0.567

	
	4
	Right
	1.961
	1.220
	1.573
	0.517

	3
	1
	Left
	1.347
	0.774
	1.347
	0.636

	
	2
	Right
	1.505
	0.863
	1.559
	0.517

	
	3
	Left
	1.604
	1.012
	1.604
	0.409

	
	4
	Right
	1.605
	0.954
	1.516
	0.441

	4
	1
	Right
	1.925
	1.211
	1.171
	0.488

	
	2
	Right
	1.703
	0.894
	1.835
	0.526

	
	3
	Left
	1.694
	1.045
	1.886
	0.493

	
	4
	Left
	1.677
	1.066
	1.843
	0.526

	5
	1
	Right
	1.927
	1.212
	1.173
	0.489

	
	2
	Left
	1.832
	1.167
	1.662
	0.521

	
	3
	Right
	1.757
	1.025
	1.194
	0.331

	
	4
	Left
	1.719
	1.073
	1.347
	0.484

	6
	1
	Left
	1.558
	0.970
	1.496
	0.296

	
	2
	Right
	1.931
	1.005
	1.551
	0.370

	
	3
	Left
	1.795
	1.087
	1.574
	0.196

	 
	4
	Right
	1.532
	0.824
	1.422
	0.276

	Overall Mean
	1.78 ± 0.22
	1.05 ±0.15
	1.67 ± 0.51
	0.50 ± 0.17

	Right Mean
	1.79 ± 0.18
	1.04 ± 0.14
	1.63 ± 0.67
	0.46 ± 0.09

	Left Mean
	1.78 ± 0.26
	1.07 ± 0.16
	1.71 ± 0.29
	0.54 ± 0.22


Table 3. The F-ratio and P value obtained from ANOVA’s between sides of the peak force produced by the diving leg to each side with the Anderson-Darling (A-D) normality test result and scedasticity of each set of data to confirm the assumptions of parametric testing
	 Variable
	 Comparison Type
	F
	P
	A-D P
	SCEDASTICITY

	Left-Right Vertical Force
	Inter
	9.46
	0.014
	0.716
	HOMO

	 
	Intra
	0.14
	0.728
	0.716
	HOMO

	Left-Right Horizontal Force
	Inter
	7.40
	0.023
	0.797
	HOMO

	 
	Intra
	0.38
	0.563
	0.797
	HOMO



Table 3 shows there to be significant differences between the vertical and horizontal forces produced to the when diving to the left and rights sides. However, there were not significant differences between trials to each individual side. The right dive vertical force mean was 1.79 ± 0.18 BW and left was 1.78 ± 0.26 BW. The horizontal force means were 1.04 ± 0.14 BW for right movement and 1.07 ± 0.16 BW for left movements as shown in table 2. Also shown in table 2 are the maximum forces attained through all of the trials, 3.670 BW produced by the opposite leg of participant 2 when they dived to their dominant side, showing that this force was produced by the non-dominant leg. The maximum force produced by the dominant leg of any of the participants is also found when the leg is acting as the opposite leg and is attained by participant 1 at 2.412 BW.








Table 4. The F-ratio and P value obtained from ANOVA’s between participants of the peak force produced by the diving leg to each side with the Anderson-Darling(A-D) normality test result and scedasticity of each set of data to confirm the assumptions of parametric testing
	 Variable
	 Comparison Type
	F
	P
	A-D P
	SCEDASTICITY

	Right Side Vertical Force
	Inter
	3.27
	0.034
	0.884
	HOMO

	 
	Intra
	0.91
	0.460
	0.884
	HOMO

	Right Side Horizontal Force
	Inter
	3.46
	0.028
	0.134
	HOMO

	 
	Intra
	22.46
	0.000
	0.134
	HOMO

	Left Side Vertical Force
	Inter
	1.76
	0.182
	0.067
	HOMO

	 
	Intra
	0.43
	0.735
	0.067
	HOMO

	Left Side Horizontal Force
	Inter
	3.25
	0.035
	0.286
	HOMO

	 
	Intra
	67.62
	0.000
	0.286
	HOMO


Table 4 shows that although there being a non-significant difference between the peak forces when left and right trials were combined, there were significant differences between participants when the trials were separated. There were significant differences between peak horizontal forces to the left and right and the peak vertical forces produced during dives to the right, though there wasn’t between trials to the participants’ left. Once again there were no significant differences between the peak vertical forces of trials from the same participant, but there were significant differences in the peak horizontal forces produced between trials from the same participant. These can also be seen in table 2, where the lowest mean peak vertical force from the diving leg was produced by participant 3 at 1.515 ± 0.122 BW and the greatest mean peak was 2.017 ± 0.093 BW attained by participant 2. In the horizontal peak forces, the peak force produced was 1.33 BW, by participant 2 when diving to their non-dominant side and the lowest peak horizontal force produced by the diving leg was by participant 6, when diving to the dominant side at 0.82 BW.




Table 5.  The direction, time from the initiation of movement to take-off, time form initiation to ball contact, take-off to ball contact time and length of the trigger movement from each trial with the overall, directional and participant grouped means and standard deviations 
	Participant
	Trial
	Direction
	Initiation to Take-off Time (s)
	Initiation to Contact Time (s)
	Take-off to Contact Time (s)
	Trigger Movement Length (m)

	1
	1
	Right
	0.84
	0.78
	-0.06
	0.415

	
	2
	Left
	0.76
	0.74
	-0.02
	0.523

	
	3
	Left
	0.86
	0.90
	0.04
	0.666

	
	4
	Right
	0.78
	0.74
	-0.04
	0.538

	2
	1
	Left
	0.68
	0.74
	0.06
	0.609

	
	2
	Left
	0.86
	0.92
	0.06
	0.617

	
	3
	Right
	0.88
	0.84
	-0.04
	0.653

	
	4
	Right
	0.78
	0.88
	0.10
	0.614

	3
	1
	Left
	0.50
	0.66
	0.16
	0.151

	
	2
	Right
	0.50
	0.58
	0.08
	0.359

	
	3
	Left
	0.52
	0.62
	0.10
	0.426

	
	4
	Right
	0.56
	0.60
	0.04
	0.361

	4
	1
	Right
	0.72
	0.78
	0.06
	0.524

	
	2
	Right
	0.74
	0.82
	0.08
	0.442

	
	3
	Left
	0.78
	0.88
	0.10
	0.591

	
	4
	Left
	0.84
	0.88
	0.04
	0.681

	5
	1
	Right
	0.68
	0.76
	0.08
	0.503

	
	2
	Left
	0.68
	0.80
	0.12
	0.530

	
	3
	Right
	0.72
	0.74
	0.02
	0.598

	
	4
	Left
	0.72
	0.78
	0.06
	0.498

	6
	1
	Left
	0.74
	0.80
	0.06
	0.597

	
	2
	Right
	0.68
	0.76
	0.08
	0.376

	
	3
	Left
	0.72
	0.78
	0.06
	0.438

	 
	4
	Right
	0.78
	0.82
	0.04
	0.484

	Overall Mean
	0.72 ± 0.11
	0.78 ± 0.09
	0.05 ± 0.05
	0.51 ± 0.12

	Right Mean
	0.72 ± 0.11
	0.76 ± 0.09
	0.04 ± 0.06
	0.49 ± 0.10

	
	
	Left Mean
	0.72 ± 0.12
	0.79 ± 0.09
	0.07 ± 0.05
	0.53 ± 0.14

	Trigger Group Mean
	0.79 ± 0.06
	0.83 ± 0.07
	0.03 ± 0.06
	0.57 ± 0.09

	Non-trigger Group Mean
	0.65 ± 0.10
	0.73 ± 0.09
	0.08 ± 0.04
	0.44 ± 0.12






Table 6. The F-ratio and P value obtained from ANOVA’s between participants of the initiation of movement to take-off time (I-T Time), initiation of movement to ball contact time (I-C Time), take-off to ball contact time (T-C Time) and ready position to take-off difference of the ankle to each side with the Anderson-Darling (A-D) normality test result and scedasticity of each set of data to confirm the assumptions of parametric testing
	Variable 
	Comparison Type 
	F
	P
	A-D P
	SCEDASTICITY

	I-T Time
	Inter
	19.27
	0.000
	0.924
	HOMO

	 
	Intra
	1.87
	0.178
	0.924
	HOMO

	I-C Time
	Inter
	9.51
	0.000
	0.586
	HOMO

	 
	Intra
	0.61
	0.620
	0.586
	HOMO

	T-C Time
	Inter
	3.21
	0.036
	0.182
	HOMO

	 
	Intra
	0.46
	0.716
	0.182
	HOMO

	Trigger Length
	Inter
	6.17
	0.003
	0.827
	HOMO

	 
	Intra
	1.83
	0.186
	0.827
	HOMO


Shown in table 6 is the significant difference between participants of the time taken from initiation of movement to take-off, initiation of movement to ball contact time, take-off to ball contact time and trigger movement length (the movement of the diving foot, represented by the ankle, between the ready position and take-off). Once more there are no intra-participant significant differences. As shown in table 5, the shortest initiation of movement to ball contact time belonged to participant 3 at 0.58 s, far below the sample mean of 0.78 ± 0.09 s, the longest being by participant 1 at 0.90 s. Participant 2 exhibited the highest mean time of 0.85 ± 0.08 s and participant 3 again displayed the shortest mean time of 0.62 ± 0.03 s.






Table 7. The F-ratio and P value obtained from ANOVA’s between participants of the initiation of movement to take-off time (I-T Time), initiation of movement to ball contact time (I-C Time) and take-off to ball contact time (T-C Time) to each side when the data was separated into two groups with the Anderson-Darling (A-D) normality test result and scedasticity of each set of data to confirm the assumptions of parametric testing
	Variable 
	 Comparison Type
	F
	P
	A-D P
	SCEDASTICITY

	I-T Time 
2 groups
	Inter
	15.63
	0.002
	0.228
	HOMO

	
	Intra
	0.80
	0.643
	0.228
	HOMO

	I-C Time
2 groups
	Inter
	18.75
	0.001
	0.113
	HOMO

	
	Intra
	2.71
	0.056
	0.113
	HOMO

	T-C Time 
2 groups 
	Inter
	4.37
	0.060
	0.433
	HOMO

	
	Intra
	82.00
	0.623
	0.433
	HOMO

	Trigger Length 
2 groups
	Inter
	24.05
	0.000
	0.962
	HOMO

	
	Intra
	4.38
	0.011
	0.962
	HOMO


After considering the results shown in table 6 and the data in table 5, further testing was implemented. It is illustrated in table 7 that there were significant differences between the initiation of movement to take-off time, initiation to ball contact time and the trigger movement length when the participants were divided into two separate groups. This was done using qualitative video analysis and ANOVA testing to determine those who used an expansive trigger movement between ready position and take-off and those who didn’t. Table 5 shows that the mean trigger movement length for the group that were determined to use the large movement was 0.57 ± 0.09 m and the mean trigger movement length for the other group was 0.44 ± 0.12 m. The groups were primarily quantified by the initiation of movement to ball contact time of each participant (P = 0.001) the mean initiation of movement to ball contact time for the trigger movement group being 0.83 ± 0.07 s and for the other group it was 0.73 ± 0.09 s. It can be seen that the significant difference between the other three variables did not create a significant difference between the take-off to contact time of the participants. There are no significant differences between trials from each participant in movement time, initiation of movement to ball contact time and take-off to contact time, but there was a significant difference in the trigger movement length of the participants (P = 0.01). 
Figure 2. The relationship between trigger movement length and initiation of movement to ball contact time.
The effect of the trigger movement on the time from initiation of movement to ball contact is shown in figure 2. The coefficient of determination value of 0.51 shows that 51% of the variation in the time is common with the variation in the length of trigger movement.



Figure 3. Mean ankle angle of participants grouped by trigger movement. The trigger movement group mean was indicated by (-) when diving to the right, and (-) when diving to the left side. The non-trigger movement group was represented by (-) when diving to the right and by (-) when diving to the left side.

Figure 4. Mean knee angle of participants grouped by trigger movement. The trigger movement group mean was indicated by (-) when diving to the right, and (-) when diving to the left side. The non-trigger movement group was represented by (-) when diving to the right and by (-) when diving to the left side.

Figure 5. Mean hip angle of participants grouped by trigger movement. The trigger movement group mean was indicated by (-) when diving to the right, and (-) when diving to the left side. The non-trigger movement group was represented by (-) when diving to the right and by (-) when diving to the left side.

Figure 6. Mean shoulder angle of participants grouped by trigger movement. The trigger movement group mean was indicated by (-) when diving to the right, and (-) when diving to the left side. The non-trigger movement group was represented by (-) when diving to the right and by (-) when diving to the left side.

Figure 7. Mean elbow angle of participants grouped by trigger movement. The trigger movement group mean was indicated by (-) when diving to the right, and (-) when diving to the left side. The non-trigger movement group was represented by (-) when diving to the right and by (-) when diving to the left side.
Figures 3, 4, 5, 6 and 7 show the comparison of mean joint angles, where the angles of the ankle, knee, hip and shoulder appear very closely related, especially in the 0.4 s preceding take-off. This however is reversed in the elbow joint, as it appears to be more closely linked in the previous 0.4 s than they are in the last 0.1 s. At take-off, the mean ankle angle range was 3.8°, at the knee was 8.1°, at the hip was 14.8° and at the shoulder was 6.7°, where as the mean joint angle at the elbow it was 33.0°, although the range at the shoulder should be considered with caution because only three of the four groups have data at take-off for of the trials within them. The highest range of mean ankle angle throughout the 0.4 s before take-off was 4.3°, at the knee was 13.5°, at the hip was 14.8, at the point of take-off and at the shoulder was 22.9°, contrasting with the highest range between the mean elbow angle range between the groups, which was 33.0, again at the point of take-off. This shows an increase in the variation of the data as joints become more proximal to the ball.
Table 8 reiterates the trend of figures 3, 4, 5, 6 and 7 as the standard deviations of the ankle, 8.1°, and knee, 8.2°, joint extensions are much lower than the standard deviations of the shoulder, 18.8° and the elbow, 10.5°. However, the standard deviation of the hip joint extensions of 12.6 contradicts the trend shown in figure 5. The descriptive data in table 8 is mirrored in table 9, where the mean maximum joint extension at the ankle shows a standard deviation of 5.9° and at the knee the standard deviation is 7.3°, where as the standard deviations at the hip, 10.7, shoulder, 16.3, and knee 11.9, are much higher indicating greater levels of variance.
Table 8. The dive direction and joint extension during each trial from minimum angle to maximum for each trial with the overall and directional means and standard deviations 
	Participant
	Trial
	Direction
	Ankle Extension(°)
	Knee Extension
(°)
	Hip Extension (°)
	Shoulder Extension (°)
	Elbow Extension  (°)

	1
	1
	Right
	47.8
	74.1
	50.3
	126.1
	40.0

	
	2
	Left
	52.2
	70.4
	74.5
	112.8
	51.9

	
	3
	Left
	58.4
	70.6
	54.4
	64.7
	63.1

	
	4
	Right
	48.8
	71.6
	51.5
	121.9
	43.3

	2
	1
	Left
	66.7
	72.6
	55.6
	82.0
	49.6

	
	2
	Left
	60.0
	66.8
	67.5
	106.5
	50.9

	
	3
	Right
	55.9
	77.1
	63.7
	94.9
	45.6

	
	4
	Right
	58.9
	68.8
	47.0
	79.6
	33.6

	3
	1
	Left
	60.2
	84.2
	95.1
	116.4
	74.4

	
	2
	Right
	65.4
	74.0
	68.6
	79.0
	51.0

	
	3
	Left
	61.5
	61.5
	89.1
	52.4
	57.6

	
	4
	Right
	73.0
	75.3
	92.0
	97.9
	49.1

	4
	1
	Right
	58.3
	49.2
	63.7
	80.7
	43.9

	
	2
	Right
	58.4
	46.3
	57.2
	85.4
	31.8

	
	3
	Left
	46.5
	66.4
	65.4
	98.5
	46.1

	
	4
	Left
	48.5
	66.8
	69.2
	107.2
	49.0

	5
	1
	Right
	74.8
	70.5
	65.8
	79.9
	50.5

	
	2
	Left
	65.3
	64.0
	74.8
	81.9
	50.6

	
	3
	Right
	67.6
	66.4
	65.1
	78.1
	41.3

	
	4
	Left
	69.1
	74.4
	71.9
	117.5
	59.3

	6
	1
	Left
	61.4
	76.8
	76.8
	107.1
	63.3

	
	2
	Right
	71.6
	72.6
	77.3
	111.6
	56.9

	
	3
	Left
	63.9
	70.2
	67.1
	102.6
	70.1

	 
	4
	Right
	68.1
	67.8
	77.9
	90.0
	61.4

	
	Overall Mean
	60.9 ± 8.1
	69.1 ± 8.2
	68.4 ± 12.6
	94.8 ± 18.8
	51.4 ± 10.5

	
	Right Mean
	62.4 ± 9.1
	67.8 ± 9.9
	65.0 ± 13.0
	93.8 ± 17.3
	45.7 ± 8.7

	
	Left Mean
	59.5 ± 7.1
	70.4 ± 6.1
	71.8 ± 11.8
	95.8 ± 21.0
	57.2 ± 9.1



Table 8 also shows that the greatest mean extension of the leg joints is the knee joint at 69.1 ± 8.2° and the greatest of all joints occurs at the shoulder where 94.8 ± 18.8° of extension is achieved. The shoulder also exhibited a range of values from 52.4 by participant 3, to 126.1 from participant 1.
Table 9. The dive direction and maximal joint angles for the ankle, knee, hip, shoulder and elbow for each trial with the overall and directional means and standard deviations 
	Participant
	Trial
	Direction
	Max Ankle Angle (°)
	Max Knee Angle (°)
	Max Hip Angle (°)
	Max Shoulder Angle (°)
	Max Elbow Angle (°)

	1
	1
	Right
	141.8
	172.2
	144.7
	141.4
	163.2

	
	2
	Left
	153.8
	169.0
	160.8
	136.1
	162.2

	
	3
	Left
	157.5
	164.9
	145.9
	88.7
	173.3

	
	4
	Right
	141.0
	177.7
	135.3
	140.9
	142.1

	2
	1
	Left
	150.1
	176.5
	146.4
	109.2
	140.3

	
	2
	Left
	149.6
	171.3
	169.6
	130.6
	142.0

	
	3
	Right
	143.8
	172.7
	148.6
	123.9
	162.6

	
	4
	Right
	139.3
	174.3
	138.0
	120.1
	144.2

	3
	1
	Left
	153.9
	178.5
	168.6
	143.5
	170.2

	
	2
	Right
	154.2
	178.6
	155.4
	113.5
	140.2

	
	3
	Left
	158.7
	158.7
	168.0
	92.9
	157.9

	
	4
	Right
	154.0
	178.3
	167.7
	131.4
	134.0

	4
	1
	Right
	147.2
	158.8
	154.5
	113.2
	148.0

	
	2
	Right
	150.5
	153.5
	147.8
	110.2
	145.9

	
	3
	Left
	138.5
	162.1
	159.4
	121.0
	161.0

	
	4
	Left
	141.7
	161.3
	152.8
	130.0
	164.0

	5
	1
	Right
	157.1
	169.1
	160.3
	97.1
	163.0

	
	2
	Left
	150.9
	174.2
	160.5
	98.5
	158.4

	
	3
	Right
	145.2
	172.1
	144.6
	98.4
	152.7

	
	4
	Left
	153.9
	178.8
	156.1
	126.8
	165.3

	6
	1
	Left
	146.5
	176.2
	160.8
	126.6
	175.0

	
	2
	Right
	153.3
	176.4
	175.6
	133.7
	167.0

	
	3
	Left
	148.9
	175.9
	157.9
	135.1
	170.8

	 
	4
	Right
	149.9
	171.7
	169.0
	112.5
	161.5

	Overall Mean
	149.2 
± 5.9
	171.0 
± 7.3
	156.2 
± 10.7
	119.8 
± 16.3
	156.9
 ± 11.9

	Right Mean
	148.1 
± 5.9
	171.3
± 7.7
	153.5
± 12.7
	119.7
±15.0
	152.0
± 11.1

	
	
	Left Mean
	150.3
± 6.0
	170.6
± 7.2
	158.9
±7.8
	119.9
±18.2
	161.7
± 11.1



Table 9 highlights the little difference between the means of the right and left dive trials and shows that the participants all had joints which they were able to extend further than the other participants, although no participant was able to achieve greater extension across all joints in any single trial.
Table 10. The dive direction and maximum joint angular velocities for each trial with the overall and directional means and standard deviations 
	Participant
	Trial
	Direction
	Max Ankle Angular Velocity
 (rad.s-1)
	Max Knee Angular Velocity (rad.s-1)
	Max Hip Angular Velocity (rad.s-1)
	Max Shoulder Angular Velocity (rad.s-1)
	Max Elbow Angular Velocity (rad.s-1)

	1
	1
	Right
	8.25
	9.89
	8.41
	7.95
	6.41

	
	2
	Left
	10.21
	5.72
	7.67
	10.38
	7.29

	
	3
	Left
	9.80
	6.59
	4.80
	8.34
	3.33

	
	4
	Right
	9.09
	9.28
	7.50
	8.11
	6.23

	2
	1
	Left
	9.80
	7.87
	4.19
	7.63
	10.05

	
	2
	Left
	9.24
	8.27
	5.84
	7.78
	8.38

	
	3
	Right
	9.21
	10.07
	6.21
	5.42
	2.79

	
	4
	Right
	9.35
	7.22
	3.69
	6.34
	4.30

	3
	1
	Left
	8.40
	6.62
	6.55
	7.10
	7.36

	
	2
	Right
	10.05
	8.08
	4.19
	11.11
	3.09

	
	3
	Left
	7.86
	8.36
	6.15
	6.04
	7.53

	
	4
	Right
	8.88
	7.85
	8.13
	9.76
	11.16

	4
	1
	Right
	9.12
	5.53
	6.42
	10.87
	4.51

	
	2
	Right
	9.51
	4.45
	4.49
	9.25
	5.47

	
	3
	Left
	8.40
	5.34
	5.28
	9.38
	7.11

	
	4
	Left
	7.45
	6.43
	6.11
	11.98
	3.20

	5
	1
	Right
	9.39
	8.96
	6.81
	4.73
	3.22

	
	2
	Left
	10.61
	6.91
	5.31
	6.17
	4.04

	
	3
	Right
	10.18
	5.98
	5.74
	6.47
	5.91

	
	4
	Left
	7.22
	6.80
	4.65
	7.66
	4.55

	6
	1
	Left
	8.65
	8.07
	4.71
	6.15
	8.41

	
	2
	Right
	10.19
	7.89
	6.44
	6.42
	8.98

	
	3
	Left
	9.17
	7.94
	6.04
	7.76
	11.89

	 
	4
	Right
	8.25
	6.92
	6.06
	5.48
	9.11

	
	Overall Mean
	9.1 ± 0.9
	7.4 ± 1.4
	5.9 ± 1.3
	7.8 ± 2.0
	6.4 ± 2.7

	
	Right Mean
	9.3 ± 0.6
	7.7 ± 1.8
	6.2 ± 1.5
	7.7 ± 2.2
	5.9 ± 2.7

	
	Left Mean
	8.9 ± 1.1
	7.1 ± 1.0
	5.6 ±1.0
	8.0 ± 1.8
	6.9 ± 2.7



Table 10 further supports the findings of figures 3, 4, 5, 6 and 7 by displaying the ankle joint achieved the greatest mean angular velocity of 9.1 ± 0.9 rad.s-1, with movement to the right showing a larger mean angular velocity, 9.3 ± 0.6 rad.s-1. The mean peak angular velocity decreased to the knee, 7.4 ± 1.4 rad.s-1, and to the hip, 5.9 ± 1.3 rad.s-1. The shoulder reached a greater angular velocity than the knee, at 7.8 ± 2.0 rad.s-1, where as the maximum angular velocity of the elbow was much less that this, 6.4 ± 2.7 rad.s-1. The larger standard deviations in of the joints of the arms shows again shows the increased variation of the movement of the arms as they were dependant on the exact trajectory of the ball and the point of interception.
Table 11. The F ratio and P value from ANOVA’s of the joint angles from each participant at initiation of movement, take-off and ball contact, with the Anderson-Darling (A-D) normality test result and scedasticity of each set of data to confirm the assumptions of parametric testing
	 
	 
	F
	P
	A-D P
	Kurtosis
	Skewness
	SCEDASTICITY

	Initiation
	Inter
	5.70
	0.000
	0.805
	 
	 
	HOMO

	 
	Intra
	61.31
	0.000
	0.805
	 
	 
	HOMO

	Take-off
	Inter
	3.98
	0.006
	0.854
	
	
	HOMO

	 
	Intra
	45.27
	0.000
	0.854
	 
	 
	HOMO

	Contact
	Inter
	2.22
	0.075
	0.005
	8.89
	2.19
	HOMO

	 
	Intra
	1.13
	0.365
	0.005
	8.89
	2.19
	HOMO



Table 11 demonstrates the significant differences between the angles of all joints at initiation of movement and ball contact both between and within participants and the non-significant difference between the angles at take-off, the values of which can be seen in appendix E. This data depicts the joints extending between the initiation of movement and then being largely maintained from take-off to ball contact.
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DISCUSSION

This study aimed to investigate the kinetic and kinematic variables of lateral dives in cricket fielding and used the peak values to represent each variable. Significant differences were found between participants in many of the variables, but only the length of a trigger movement was found to have correlation with the time taken to complete the movement. This would indicate that the defining variable of the time taken to complete a dive to field a ball would be the length of the step that a performer takes in the direction of the dive, prior to take-off.
The reliability of this study was tested in two ways, the intra-participant reliability in dives to each side, and the reliability of the digitisation, key to obtaining valid measures for kinematic variables. The digitisation reliability was tested first, reporting intra-class correlations greater than 0.89 which indicates a large percentage of the variation in the results from the test and re-test was due to variation in the true co-ordinates and therefore meaning that the relative reliability of the digitised co-ordinates can be accepted (Weir, 2005). This meant that the reliability of the participants’ trails could be tested. This found significant differences between the joint angles in 47 out of 120 cases with each joint within each movement direction exhibiting a significant difference in at least one participant. This signifies that the participants’ diving movements cannot be considered as reliable and each trial should be considered separately.
Kinetic
When considering a dive, the simplest method is to analyse it as the trajectory of the body, which would be affected by the velocity and height of the centre of mass and the angle of the movement at take-off. This study measured the vertical and horizontal ground reaction forces of the body throughout the movement, recording the peaks of each. The peak vertical force was greater than the peak horizontal force in all instances form both the diving and the opposite legs, showing that more force was required in each trial to push the body upwards than sideways. This would be unexpected, because the centre of the target for the fed ball was just one metre from the ground and 1.8 times the height of the participant from the centre of the force plates, a mean of 3.23 m. However it must be explained by the force required to overcome gravity. The difference between the peak horizontal forces was greatly different between the diving and opposite legs. The mean horizontal force from the diving leg was 1.05 BW, in comparison to the mean horizontal force produced by the opposite leg, which was 0.51 BW. This shows that a much greater proportion of the horizontal force was produced by the diving leg. Whereas the difference in peak vertical ground reaction force was much less, with the diving leg producing 1.78 BW of force and the opposite leg producing 1.67 BW, in agreement with Meylan et al. (2010). These results show that the peak vertical force produced by the opposite leg is much greater than the peak horizontal force, which would show that the opposite leg is used to lift the body from the crouched “ready” position and begin the movement across to the flight of the ball. The diving leg continues the upward movement and drives the body to take-off but also accelerates the body in the horizontal direction in order to intercept the ball.
The differences between horizontal and vertical forces also occurred between trials to the dominant and non-dominant sides, right and left since all participants were right side dominant. The difference in the peak force produced by the diving leg was significant in the vertical (P = 0.014) and horizontal (P = 0.023) direction despite the difference in the means being 0.03 BW and 0.01 BW respectively. Conversely, the forces produced by the opposite leg have a mean difference of 0.08 BW in both the vertical and horizontal directions. This shows that participants were able to produce more force with their dominant leg when diving to the non-dominant side than they were able to produce with their non-dominant leg when diving to the dominant side. This possibly shows that participants would be able to dive further to the non-dominant side due to the greater peak force produced when the forces from both legs were combined. Contradictory to this, it could mean that participants were required to generate more force with their opposite leg when diving to their non-dominant side to initiate the movement if they favoured diving to their dominant side and therefore moved their centre of mass further towards the dominant side in the ready position.
The relative equality of the overall peak vertical and horizontal forces produced by the diving leg to each side could be explained as a lack of bias amongst the participants since the ANOVA’s performed on these forces between participants showed significant differences in three of the four parameters. The forces produced in the horizontal direction of dives to both the dominant (P = 0.028) and non-dominant (P = 0.035) sides and the vertical force generated to the dominant side      (P = 0.034) were significantly different, whereas the differences between the non-dominant side vertical force was insignificantly different (P = 0.182).  In the horizontal direction, the highest of the peak forces attained was from the diving leg of participant 2, at 1.33 BW diving to the non-dominant side, the lowest peak was from the opposite leg of participant 6, 0.20 BW also diving to the non-dominant side. There was also a significant difference within participants for the horizontal forces in both directions, (P = 0.000) in both cases, showing that the horizontal force was very changeable between trials, clearly being affected by the trajectory of the ball of the performer’s perception of that trajectory. The standard deviations (0.15 BW in the diving leg and 0.17 BW in the opposite leg) and ranges (0.56 BW in the diving leg and 0.78 BW in the opposite leg) of the peak horizontal force data illustrate this variation.
The kinetic variables measured illustrate that overall; the vertical ground reaction force is much more consistent between trials, suggesting that there is a force which is required throughout all movements for throws at this height, to raise the centre of mass from the crouched ready position to a point where the body can leave the ground. However, the horizontal forces produced were much more dependent on the movement that is required and the performer’s perception of the ball trajectory. Despite the attempts to maintain an equal dive requirement, the anticipatory movements and perceptions of ball trajectory caused small changes in the demand that each trial placed upon the subjects. The diving leg force is also more consistent than the force created by the opposite leg, perhaps signifying that there was an attempt to anticipate the direction, before the feed release, where the centre of mass was adjusted whilst still in the ready position. The variation in the force produced by the opposite leg could also be as a result of the large trigger movement used by some of the participants, since this movement required the lifting of the diving leg and would therefore mean that the opposite leg would solely be used in the force production to complete this movement.
Kinematic
The other method of analysis for the study was the kinematic analysis of the joint angles and angular velocities throughout the movement. Three key points were identified using video analysis, initiation of movement, take-off and ball contact. The joint angles were recorded at each of these points and it was found that there were significant differences between the angles at initiation of movement both between participants (P = 0.000) and within participants (P = 0.000) and at take-off between participants (P = 0.006) and within participants (P = 0.000). The greatest angle shown at the initiation of movement in the lower limbs was in the knee of participant 4, 159°, whereas the greatest flexion of a lower limb joint was an angle of 84° at the hip of participant 3, these were both during trials to the non-dominant side. At take-off, the greatest extension achieved by any of the subjects was 179° at the knee of participant 3 diving to the dominant side. Whereas the most flexed recorded joint at take-off was exhibited also by participant 3, whose shoulder was at an angle of 92° during a dive to the non-dominant side. The greatest angular velocity of 13.25 rad.s-1 was achieved at take-off by the ankle of participant 1 during a dive to the non-dominant side. These results show a high level of variation in the joint angles amongst the trials, once again confirming that trials should be considered individually and participant mean values were invalid. It also again signifies that the angle of the joints at these key moments were dependent on the participants’ perception of the ball trajectory and their co-ordination in reacting to this. The joint angles at ball contact had an insignificant difference (P = 0.075) between participants (P = 0.365) and within participants’ trials. This would indicate that the participants were at maximal reach to contact the ball, and therefore extending the body in a similar manner to achieve contact with the ball. This is in agreement with Laurent et al. (1994), who found that, as the temporal constraint, time from ball feed to interception point was decreased; the variation between participants was reduced. This was stated to be because of the maximal nature of the trials with the shortest time allowed for the movement. The mean ankle angle at ball contact was 144 ± 11.7° and the mean knee angle was 164 ± 16.6°, illustrating the level of extension and relatively low variation in these joints at the point of interception.
Graphs of the change in joint angles throughout the movement, comparing between the two sample groups diving to each side, illustrate that there is a large amount of variation in the angles of the lower limb joints through early stages of the movement. These trends occur before the beginning of the take-off movement, when the body accelerates towards the flight path of the ball. This would indicate that there are some small preparatory movements whilst the brain is processing the cues and making small reactive movements in the direction of the perceived feed direction during the cognitive reaction process, similar to that discussed by Zemkova et al. (2009). Once the dive direction and required intensity has been decided, the lower limb joints are shown to rise in a similar fashion across the two groups and the two directions. This shows that all participants moved in a similar way as expected, since the dive distances were normalised for the body height of each, ensuring that equal effort was required from each participant. At this point however, the similarity of the upper limb joint angles in the early stages between right and left dives of participants in the same group ends and these become highly varied as the hand enters the “grasp” phase as stated by Laurent et al. (1994). This phase is where intricate adjustments to the positioning of the hand(s) are made in order to contact the ball at a point that optimises the ability to catch the ball. This means attempting to contact the ball with the centre of the palm, with the hand at an angle which will reduce the velocity of the ball and also stop it from deflecting downwards, towards the ground.
Within the graphs, movements to the left and right were also compared. This exhibited no trend of difference at any of the joints between dives to either side, suggesting that the participants followed the same movement pattern when diving to both sides, with the difference in force production then being due to the enhanced co-ordination and strength that they may possess in their dominant legs.
Trigger Movement
As previously mentioned, the participants were divided into two groups, using significant difference in the initiation of movement to ball contact time (P = 0.001) to distinguish between them. The difference between the mean initiation of movement to ball contact time was 0.10 m. The length of the trigger movement was found to have correlation with the initiation of movement to contact time (r2 = 0.51, P = 0.000), the trigger movements of the two groups were also shown to have a significant difference (P = 0.000), with the difference between the means of the two groups being shown to be 0.13 m. It is evident that the defining factor of the two groups was the use of the trigger movement. This movement was the preparatory adjustment of the diving leg in an external rotation of the hip, moving the leg to a position where plantar flexion and knee and hip extension could be used to propel the dive in the horizontal direction in comparison to a technique where the centre of mass is shifted from above the centre of pressure, to a point where the extension of the leg will push the body in the direction that the centre of mass has been moved. In participant one’s trials, they were able to contact the ball before take-off on three out of four occasions. Their mean trigger movement length was 0.54 m along the frontal plane. This is a substantial length, when diving just 1.8 times their body height and although it is shown to greatly increase the movement time. They were still able to make contact with the ball throw at a similar speed to all other trials, suggesting that their processing of the information received to calculate the direction must have been much faster than the other participants or that other participants waited until they had a better perception of the exact trajectory of the ball before making their first movement.
The comparative graphs of the joint angles between participants in the two groups, those with a significant trigger movement and those without, show that participants not using the trigger movement have greater flexion of the ankle an hip in the early stages of the movement and less flexion of the knee during the same period. When all three of the joints are extending however, there is very little difference between all four of the graphical representations of the categories. The elbow joint conversely shows a large amount of variation throughout the dive, but still with the same trend shown particularly by the left and right trials of those not using a significant trigger movement until the last 0.1s, where the hand adjusts to grasp the ball and therefore this section is specific to each individual trial. This is similar to the hand movements observed by Mayhoe et al. (2005), who suggested that the hand movements follow a normal pattern in reaction to the ball trajectory until the exact path of the ball can be ascertained.
This study can identify that the trigger movement is the most influential action undertaken by a fielder when attempting a diving catch. This trigger movement is shown to directly increase the time taken between the beginning of the movement and the point where the ball is contacted, but also to increase the possible reach of the dive. These findings would influence current coaching practices, as they show that a ready position slightly adapted to include external rotation of the hip could be advantageous in reducing movement time, whilst still maintaining the ability to move in any direction without impedance. Therefore an optimum external rotation angle would need to be established. When considering different fielding positions, it would be advised that those in the slip or gully region should not employ a significant trigger movement, since these fielders are close to the bat, requiring minimal reaction time and they regularly have other fielders in close proximity to them. In contrast to this, it would be recommended that fielders further from the bat should utilize the trigger movement as this will increase their area for possible interception and consequently increase performance. Ultimately, a ready position must remain comfortable as it can be used for upwards of 90 overs in a day, whilst having the potential to produce maximum acceleration from that position in a very short space of time and it must not inhibit the movement of the hands to intercept the ball. Further investigations could therefore test the quality of the catch at a maximal dive length, in an attempt to identify the maximal interception area a fielder has a different distances from a ball release or to examine the kinematic differences between one and two handed diving catching.
Limitations
In this study the limitations include a lack of exact control of the trajectory of the ball thrown by a feeder as opposed to being released from a mechanism. The size of the force plates also inhibited this study, as participants were forced to control their trigger movement in order to insure that they took off from one of the force plates. Another limitation is there being no indication of ball release, which would have enhanced the theories of cognitive reactions and given a true measurement of the reaction time. A further limitation to the study is the lack of a centre of mass measurement, since this would have quantified the observations of centre of mass manipulation during the movement. Also included in the limitations of the study is the overlook of a measurement of catch quality, this was affected by the small camera view and also by the maximal nature of the required movement, where contact with the ball was sufficient. These limitations could have been corrected using adapted bowling machines to control ball trajectory, having a larger camera view and using software that easily calculated the centre of mass location. However, these changes would also have negatives to them; the use of a bowling machine to propel a ball at such close proximity has ethical issues. Having a larger camera view would have decreased the level of detail that was able to be viewed and in particular would have reduced the accuracy of the digitisation. With more experience of the current software, calculation of the centre of mass location was possible but would have been time consuming to the point where data collection becomes unmanageable for this number of participants. 
Conclusion
In conclusion, this study has succeeded in its aims of investigating the kinetic and kinematic variables of lateral diving in relation to cricket fielding and was able to statistically identify two different techniques that were utilised in order to accomplish the movement. It has found that the use of a large trigger movement is detrimental to the time taken to perform the dive, significantly increasing it. Confirming findings from previous studies, the two phases of a catching movement have been illustrated, the propulsion and grasp phases.
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APPENDICES

APPENDIX A
UWIC PARTICIPANT CONSENT FORM
Title of Project: 		An investigation into the effects of a ready position on the reaction time of a cricket fielder
Name of Researcher: 	Gregory Lewis 
Name of Supervisor: 	Ian Bezodis

Please initial each box.
1. I confirm that I have read and understand the information sheet                                           dated ………. for this study. I have had the opportunity to consider the information, ask questions and have had these answered satisfactorily.

2. I understand that my participation is voluntary and that it is possible to stop taking part at any time, without giving a reason. 

3. I also understand that if this happens, our relationships with UWIC, or our legal rights, will not be affected.

4. I understand that information from the study may be used for 
reporting purposes, but that I will not be identified.

5. I agree to have images of me participating in the data collection taken for record keeping and presentation purposes (refusal to do so does not affect my participation in the study)

6. I agree to take part in this study.

Name of Participant..................................................................
              Signature of Participant..............................................................		                          
Date...............................
  Name of person taking consent.................................................			       	     
              Signature of person taking consent............................................     
Date...............................   
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APPENDIX B
PARTICIPANT INFORMATION SHEET

Title of Project: The kinetic and kinematic variables 
of a lateral dive of cricket fielders.

Background
This study aims to investigate the kinematic and kinetic variables of lateral dives to dominant and non-dominant sides by a cricket fielder in an attempt to catch a thrown ball. It aims to identify different techniques used by cricketers to achieve the movement and assess the effectiveness of each.

Your participation in the research project
Why you have been asked
You have been invited to take part in the research because you are considered an experienced cricketer and this study may aid your performance in the field by providing you with a model position for optimum performance.
What would happen if you agree to participate?
If you agree to join the study, there are three main things that will happen.
1. You’ll be contacted by the researcher. Your height will be measured so the foot positions can be compared to your overall height.
2. You will be asked to arrange a time in which you can complete the trials required for the study. This will take roughly an hour and you will be asked to perform a comprehensive warm-up prior to performing. For half of the trials, you will be asked to assume your own unique ready position, which you currently use when fielding; for the other half you will be instructed to position yourself in a specific manner. 
3. At the end of the study, you will be asked about the comfort of the given position and once data analysis is complete, you will be able to view your results to see if you can improve your performance.
Are there any risks?
There are only minor risks of injury during this study and we hope to minimise these by your warm-up and we will provide crash mats for you to dive onto. If you are feeling unwell or carrying and injury, you will be unable to take part at that time. And in any case, you shouldn’t do anything that you don’t want to – just tell us.


Your rights
Participating in this study does not mean that you give up any legal rights. In the very unlikely event of something going wrong during the evaluation, UWIC fully indemnifies its staff, and participants are covered by its insurance.
What happens to the results of the study?
The measurements that are taken at the start and will be stored securely in locked filing cabinets at UWIC. They will be coded so that we can remove names, but we need to keep a record of the codes to compare each participant’s measurements / scores. We will present this information together for all of the participants, but there will be no description that would identify individuals. 
Are there any benefits from taking part?
Yes, you will receive the results so that you can decide for yourself if you think you can improve your performance by altering your fielding technique. You will gain experience of being part of a biomechanical study, of which some parts you may want to use in future study. You will also have your reaction time tested and receive the results of this. There is no cost to you for any of this.
What happens next?
With this letter you’ll find a participant consent sheet. This is for you to give us permission to use your results and must be completed before your participation.
How we protect your privacy:
As you can see, everyone working on the study will respect your privacy. We have taken very careful steps to make sure that you cannot be identified from any of the information that we have about you. 
All the information about you will be stored securely away from the consent form. At the end of the evaluation study we will destroy the information we have gathered about you. We will only keep the consent form with your name and address. We keep these for ten years because we are required to do so by UWIC. 
Further information
If you have any questions about the research or how we intend to conduct the study, please contact us.

Gregory Lewis       st09001865@outlook.uwic.ac.uk	

Ian Bezodis           ibezodis@uwic.ac.uk                        02920417245		

APPENDIX C
Table of the pre-determined trial direction order
	
	
	Participant

	 
	 
	1
	2
	3
	4
	5
	6

	Trial
	1
	L
	R
	R
	L
	R
	L

	
	2
	R
	L
	R
	L
	L
	R

	
	3
	L
	R
	L
	R
	L
	R

	
	4
	R
	L
	L
	R
	R
	L

	
	5
	R
	L
	R
	L
	R
	R

	
	6
	L
	R
	L
	R
	L
	L



APPENDIX D
The F ratio and P value from ANOVA’s testing for significant differences between test and re-test with the Anderson-Darling (A-D) P value and the scedasticity of the data to confirm the assumptions of parametric testing
	Variable
	Joint
	Participant
	F
	P
	A-D P
	A-D K
	SCEDASTICITY

	Left
	R Ankle
	P1
	2.61
	0.119
	0.011
	-1.04
	HOMO

	
	
	P2
	16.24
	0.000
	0.648
	
	HOMO

	
	
	P3
	1.79
	0.193
	0.829
	
	HOMO

	
	
	P4
	0.90
	0.351
	0.279
	
	HOMO

	
	
	P5
	1.56
	0.224
	0.091
	
	HOMO

	
	
	P6
	0.05
	0.819
	0.342
	
	HOMO

	
	R Knee
	P1
	2.69
	0.114
	0.112
	
	HOMO

	
	
	P2
	11.51
	0.002
	0.954
	
	HOMO

	
	
	P3
	15.43
	0.001
	0.262
	
	HOMO

	
	
	P4
	3.75
	0.064
	0.005
	-1.83
	HOMO

	
	
	P5
	0.18
	0.672
	0.005
	-1.50
	HOMO

	
	
	P6
	12.30
	0.002
	0.867
	
	HOMO

	
	R Hip
	P1
	0.04
	0.849
	0.689
	
	HOMO

	
	
	P2
	0.07
	0.793
	0.007
	-1.38
	HOMO

	
	
	P3
	0.20
	0.657
	0.804
	
	HOMO

	
	
	P4
	1.08
	0.308
	0.029
	-1.28
	HOMO

	
	
	P5
	6.26
	0.019
	0.034
	-1.30
	HOMO

	
	
	P6
	0.27
	0.609
	0.995
	
	HOMO

	
	R Shoulder
	P1
	32.76
	0.000
	0.005
	-1.46
	HOMO

	
	
	P2
	11.52
	0.002
	0.899
	
	HOMO

	
	
	P3
	19.69
	0.000
	0.005
	-1.65
	HOMO

	
	
	P4
	7.88
	0.100
	0.097
	
	HOMO

	
	
	P5
	6.38
	0.018
	0.005
	-1.29
	HOMO

	
	
	P6
	67.04
	0.000
	0.451
	
	HOMO

	
	R Elbow
	P1
	3.53
	0.072
	0.005
	-1.43
	HOMO

	
	
	P2
	17.28
	0.000
	0.330
	
	HOMO

	
	
	P3
	8.29
	0.008
	0.011
	-1.36
	HOMO

	
	
	P4
	14.40
	0.001
	0.005
	-1.42
	HOMO

	
	
	P5
	4.68
	0.040
	0.005
	-1.67
	HOMO

	
	
	P6
	24.42
	0.000
	0.514
	
	HOMO

	
	L Ankle
	P1
	102.51
	0.000
	0.037
	-1.26
	HOMO

	
	
	P2
	17.11
	0.000
	0.899
	
	HOMO

	
	
	P3
	0.25
	0.620
	0.717
	
	HOMO

	
	
	P4
	2.61
	0.119
	0.822
	
	HOMO

	
	
	P5
	4.42
	0.046
	0.980
	
	HOMO

	
	
	P6
	0.86
	0.363
	0.803
	
	HOMO

	
	


L Knee
	


P1
	


46.04
	


0.000
	


0.005
	


-1.45
	


HOMO

	
	
	P2
	6.75
	0.016
	0.055
	
	HOMO

	
	
	P3
	14.67
	0.001
	0.318
	
	HOMO

	
	
	P4
	9.41
	0.005
	0.015
	-0.15
	HOMO

	
	
	P5
	2.82
	0.105
	0.099
	
	HOMO

	
	
	P6
	6.36
	0.018
	0.005
	-1.58
	HOMO

	
	L Hip
	P1
	12.10
	0.002
	0.211
	
	HOMO

	
	
	P2
	15.21
	0.001
	0.045
	-1.20
	HOMO

	
	
	P3
	13.98
	0.001
	0.005
	-1.61
	HOMO

	
	
	P4
	3.61
	0.070
	0.005
	-1.58
	HOMO

	
	
	P5
	31.06
	0.000
	0.737
	
	HOMO

	
	
	P6
	1.72
	0.202
	0.070
	
	HOMO

	
	L Shoulder
	P1
	0.07
	0.798
	0.037
	-1.26
	HOMO

	
	
	P2
	3.86
	0.063
	0.012
	-1.44
	HOMO

	
	
	P3
	0.11
	0.714
	0.005
	-1.69
	HOMO

	
	
	P4
	4.49
	0.460
	0.953
	
	HOMO

	
	
	P5
	25.13
	0.000
	0.026
	-1.24
	HOMO

	
	
	P6
	34.42
	0.000
	0.152
	
	HOMO

	
	L Elbow
	P1
	47.50
	0.000
	0.245
	
	HOMO

	
	
	P2
	4.04
	0.059
	0.092
	
	HOMO

	
	
	P3
	0.77
	0.390
	0.398
	
	HOMO

	
	
	P4
	0.14
	0.243
	0.108
	
	HOMO

	
	
	P5
	20.14
	0.000
	0.005
	-1.48
	HOMO

	
	
	P6
	17.36
	0.000
	0.455
	
	HOMO

	
	
	
	
	
	
	
	

	Right
	R Ankle
	P1
	57.97
	0.000
	0.385
	
	HOMO

	
	
	P2
	40.45
	0.000
	0.005
	-1.50
	HOMO

	
	
	P3
	48.33
	0.000
	0.100
	-1.38
	HOMO

	
	
	P4
	0.31
	0.582
	0.927
	
	HOMO

	
	
	P5
	8.63
	0.007
	0.916
	
	HOMO

	
	
	P6
	11.28
	0.003
	0.019
	-1.35
	HOMO

	
	R Knee
	P1
	15.97
	0.000
	0.385
	
	HOMO

	
	
	P2
	0.00
	0.949
	0.176
	
	HOMO

	
	
	P3
	4.41
	0.046
	0.243
	
	HOMO

	
	
	P4
	2.56
	0.112
	0.274
	
	HOMO

	
	
	P5
	11.82
	0.002
	0.957
	
	HOMO

	
	
	P6
	6.63
	0.016
	0.005
	-1.42
	HOMO

	
	R Hip
	P1
	43.73
	0.000
	0.005
	-1.57
	HOMO

	
	
	P2
	0.06
	0.808
	0.062
	
	HOMO

	
	
	P3
	10.65
	0.003
	0.039
	-0.41
	HOMO

	
	
	P4
	23.69
	0.000
	0.519
	
	HOMO

	
	
	P5
	140.06
	0.000
	0.005
	-1.56
	HOMO

	
	
	P6
	1.10
	0.305
	0.717
	
	HOMO

	
	


R Shoulder
	


P1
	


12.50
	


0.002
	


0.005
	


-1.79
	


HOMO

	
	
	P2
	2.60
	0.124
	0.005
	-1.73
	HOMO

	
	
	P3
	75.96
	0.000
	0.005
	-1.47
	HOMO

	
	
	P4
	8.25
	0.008
	0.181
	
	HOMO

	
	
	P5
	38.53
	0.000
	0.005
	-1.56
	HOMO

	
	
	P6
	0.51
	0.484
	0.005
	-1.54
	HOMO

	
	R Elbow
	P1
	53.84
	0.000
	0.021
	-1.05
	HOMO

	
	
	P2
	249.88
	0.000
	0.645
	
	HOMO

	
	
	P3
	5.38
	0.031
	0.400
	-0.10
	HOMO

	
	
	P4
	5.32
	0.030
	0.021
	-0.95
	HOMO

	
	
	P5
	38.27
	0.000
	0.494
	
	HOMO

	
	
	P6
	36.97
	0.000
	0.006
	1.99
	HOMO

	
	L Ankle
	P1
	25.79
	0.000
	0.609
	
	HOMO

	
	
	P2
	0.00
	0.949
	0.417
	
	HOMO

	
	
	P3
	5.49
	0.027
	0.904
	
	HOMO

	
	
	P4
	3.83
	0.062
	0.406
	
	HOMO

	
	
	P5
	21.32
	0.000
	0.006
	-1.39
	HOMO

	
	
	P6
	35.30
	0.000
	0.913
	
	HOMO

	
	L Knee
	P1
	53.20
	0.000
	0.828
	
	HOMO

	
	
	P2
	3.59
	0.070
	0.005
	-1.49
	HOMO

	
	
	P3
	10.87
	0.003
	0.282
	
	HOMO

	
	
	P4
	0.00
	0.950
	0.214
	
	HOMO

	
	
	P5
	12.92
	0.001
	0.928
	
	HOMO

	
	
	P6
	0.16
	0.689
	0.898
	
	HOMO

	
	L Hip
	P1
	2.08
	0.161
	0.026
	-1.28
	HOMO

	
	
	P2
	0.53
	0.475
	0.005
	-1.64
	HOMO

	
	
	P3
	17.82
	0.000
	0.142
	
	HOMO

	
	
	P4
	3.56
	0.071
	0.005
	-1.80
	HOMO

	
	
	P5
	13.38
	0.001
	0.005
	2.37
	HOMO

	
	
	P6
	0.13
	0.726
	0.466
	
	HOMO

	
	L Shoulder
	P1
	5.19
	0.032
	0.012
	-1.17
	HOMO

	
	
	P2
	9.51
	0.005
	0.133
	
	HOMO

	
	
	P3
	5.81
	0.024
	0.365
	
	HOMO

	
	
	P4
	21.04
	0.000
	0.040
	-0.29
	HOMO

	
	
	P5
	81.70
	0.000
	0.010
	-1.24
	HOMO

	
	
	P6
	7.33
	0.012
	0.087
	
	HOMO

	
	L Elbow
	P1
	0.20
	0.660
	0.145
	
	HOMO

	
	
	P2
	1.29
	0.268
	0.205
	
	HOMO

	
	
	P3
	13.05
	0.002
	0.792
	
	HOMO

	
	
	P4
	8.55
	0.007
	0.010
	-1.38
	HOMO

	
	
	P5
	82.09
	0.000
	0.554
	
	HOMO

	
	
	P6
	4.02
	0.560
	0.496
	
	HOMO



APPENDIX E
The angle and angular velocity of each joint, where recorded, at initiation of movement, take-off and ball contact
	 
	 
	Angle at Initiation of Movement
	Angular Velocity at Initiation of Movement (rad.s-1)

	Participant
	Trial
	Ankle
	Knee
	Hip
	Shoulder
	Elbow
	Ankle
	Knee
	Hip
	Shoulder
	Elbow

	1
	1
	101
	149
	133
	16
	134
	-0.11
	1.57
	-1.45
	-0.18
	0.31

	
	2
	102
	142
	116
	23
	149
	1.60
	2.84
	-3.17
	1.02
	1.28

	
	3
	104
	149
	120
	26
	151
	1.72
	0.86
	-2.32
	0.99
	2.19

	
	4
	108
	139
	102
	20
	125
	0.98
	1.21
	-0.93
	-0.25
	3.33

	2
	1
	100
	135
	119
	27
	115
	-1.06
	1.23
	-1.34
	0.63
	0.53

	
	2
	99
	147
	137
	24
	120
	0.24
	0.81
	0.49
	0.54
	1.13

	
	3
	106
	147
	141
	29
	125
	-1.02
	2.02
	-0.17
	0.84
	1.56

	
	4
	105
	150
	138
	51
	111
	0.39
	0.92
	-0.32
	-0.34
	-0.62

	3
	1
	95
	110
	84
	28
	135
	1.04
	3.25
	-3.01
	-0.47
	-5.60

	
	2
	99
	119
	89
	35
	136
	-0.11
	2.13
	-1.44
	-0.33
	-1.85

	
	3
	102
	126
	99
	41
	104
	0.24
	2.38
	-2.31
	0.93
	-1.39

	
	4
	96
	120
	87
	34
	110
	-0.51
	1.94
	-1.42
	1.10
	-2.13

	4
	1
	104
	153
	150
	32
	117
	0.66
	0.44
	-1.54
	2.55
	0.70

	
	2
	105
	151
	136
	25
	127
	0.87
	-0.45
	-0.01
	0.11
	-1.47

	
	3
	110
	159
	152
	26
	130
	-1.35
	2.57
	-1.58
	0.61
	-1.84

	
	4
	105
	157
	152
	24
	149
	0.43
	-0.65
	0.00
	0.20
	-0.80

	5
	1
	101
	144
	132
	18
	134
	-0.36
	2.36
	-2.02
	-0.37
	-0.13

	
	2
	104
	141
	121
	17
	134
	-1.06
	1.72
	-1.99
	1.06
	0.37

	
	3
	104
	155
	143
	23
	130
	-0.55
	3.05
	-3.38
	-0.04
	0.93

	
	4
	102
	147
	146
	9
	152
	-0.78
	3.44
	-3.73
	0.16
	0.94

	6
	1
	95
	139
	135
	29
	115
	0.03
	4.05
	-4.12
	0.91
	2.17

	
	2
	97
	156
	145
	40
	117
	-0.86
	1.95
	-2.06
	1.67
	3.56

	
	3
	101
	139
	127
	42
	110
	0.98
	0.31
	-0.28
	1.69
	1.23

	
	4
	100
	159
	147
	51
	113
	0.04
	0.54
	-1.78
	4.40
	3.18



	 
	 
	Angle at Take-off (°)
	Angular Velocity at Take-off (rad.s-1)

	Participant
	Trial
	Ankle
	Knee
	Hip
	Shoulder
	Elbow
	Ankle
	Knee
	Hip
	Shoulder
	Elbow

	1
	1
	142
	168
	
	
	
	7.02
	2.78
	
	
	

	
	2
	154
	169
	161
	
	
	7.17
	-2.36
	4.06
	
	

	
	3
	144
	153
	
	
	
	13.25
	-7.72
	
	
	

	
	4
	141
	173
	 
	 
	 
	4.55
	2.52
	 
	 
	 

	2
	1
	139
	176
	 
	 
	 
	7.66
	-1.67
	 
	 
	 

	
	2
	143
	170
	170
	
	
	5.38
	-1.25
	
	
	

	
	3
	144
	172
	
	
	
	6.16
	1.76
	
	
	

	
	4
	133
	173
	 
	 
	 
	5.92
	-2.71
	 
	 
	 

	





3
	


1
	


147
	


168
	


159
	


138
	


128
	


4.35
	


-2.49
	


2.23
	


4.85
	 

	
	2
	146
	179
	155
	
	
	6.82
	-1.84
	
	
	

	
	3
	132
	161
	150
	92
	114
	7.86
	-7.76
	6.15
	2.04
	4.11

	
	4
	141
	173
	168
	 
	 
	9.40
	3.10
	 
	 
	 

	4
	1
	142
	159
	154
	 
	 
	5.87
	1.91
	 
	 
	 

	
	2
	140
	152
	146
	108
	142
	7.92
	2.36
	2.51
	-2.06
	

	
	3
	131
	162
	154
	
	
	6.70
	-1.20
	4.67
	
	

	
	4
	139
	158
	 
	 
	 
	3.76
	4.73
	 
	 
	 

	5
	1
	141
	168
	 
	 
	 
	7.81
	0.88
	 
	 
	 

	
	2
	145
	170
	
	
	
	6.06
	-4.13
	
	
	

	
	3
	143
	168
	
	
	
	3.99
	-4.36
	
	
	

	
	4
	134
	174
	 
	 
	 
	5.37
	-4.14
	 
	 
	 

	6
	1
	143
	176
	157
	 
	 
	3.17
	-1.85
	3.77
	 
	 

	
	2
	148
	176
	170
	117
	150
	4.75
	-0.33
	2.46
	2.54
	2.44

	
	3
	139
	173
	152
	
	
	7.05
	-4.52
	3.46
	
	

	
	4
	146
	172
	166
	109
	157
	2.42
	0.79
	1.00
	2.88
	 



	 
	 
	Angle at Ball Contact (°)
	Angular Velocity at Ball Contact  (rad.s-1)

	Participant
	Trial
	Ankle
	Knee
	Hip
	Shoulder
	Ankle
	Knee
	Hip

	1
	1
	114
	158
	145
	
	0.02
	1.99
	

	
	2
	143
	165
	156
	136
	0.03
	2.50
	2.88

	
	3
	159
	168
	
	
	0.05
	2.77
	

	
	4
	125
	171
	 
	 
	0.07
	2.19
	

	2
	1
	150
	176
	 
	 
	0.02
	2.62
	 

	
	2
	150
	167
	
	
	0.03
	2.61
	

	
	3
	125
	170
	
	
	0.05
	2.18
	

	
	4
	138
	 
	 
	 
	0.07
	
	

	3
	1
	147
	176
	 
	 
	0.02
	2.56
	 

	
	2
	151
	171
	
	
	0.03
	2.63
	

	
	3
	159
	175
	
	
	0.05
	2.77
	

	
	4
	154
	174
	 
	 
	0.07
	2.69
	

	4
	1
	146
	137
	 
	 
	0.02
	2.54
	 

	
	2
	149
	122
	
	
	0.03
	2.59
	

	
	3
	123
	124
	
	
	0.05
	2.14
	

	
	4
	140
	141
	 
	 
	0.07
	2.45
	

	5
	1
	156
	165
	 
	 
	0.02
	2.73
	 

	
	2
	143
	174
	
	
	0.03
	2.49
	

	
	3
	145
	172
	
	
	0.05
	2.53
	

	
	4
	154
	178
	 
	 
	0.07
	2.69
	

	6
	
1
	146
	176
	
	
	0.02
	2.56
	 

	
	2
	152
	174
	176
	
	0.03
	2.65
	3.04

	
	3
	149
	176
	158
	
	0.05
	2.60
	

	
	4
	150
	166
	169
	 
	0.07
	2.62
	2.90



Trigger Movement Length	y = 0.96x - 0.24
R² = 0.51
0.78	0.74000000000000188	0.9	0.74000000000000188	0.74000000000000188	0.92	0.84000000000000064	0.88000000000000078	0.66000000000000236	0.58000000000000052	0.62000000000000188	0.60000000000000064	0.78	0.82000000000000062	0.88000000000000078	0.88000000000000078	0.76000000000000212	0.8	0.74000000000000188	0.78	0.8	0.76000000000000212	0.78	0.82000000000000062	0.4152120000000003	0.52333199999999958	0.66595900000000319	0.53802700000000003	0.60894000000000248	0.61704800000000248	0.65307200000000065	0.61383800000000199	0.15061600000000044	0.35872500000000007	0.42567200000000038	0.36052900000000032	0.52398699999999787	0.44196100000000033	0.59053699999999687	0.68067800000000211	0.50250900000000009	0.52992499999999998	0.59769900000000165	0.49797100000000094	0.59686800000000051	0.37575800000000031	0.43780800000000147	0.48376400000000008	Initiation of Movement to Ball Contact Time (s)
Trigger Movement Length (m)
Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	103.86876433333325	103.73453749999999	103.98651749999999	104.59492250000002	105.38826383333333	106.12426900000025	106.58270383333311	106.66546516666627	106.38862616666643	105.71977233333305	104.43654233333335	102.23846683333331	99.143830499999979	95.701146499999993	92.691557666666668	90.663982333332896	89.750231499999998	89.848110333333338	90.913991333333342	93.132383999999988	96.924250500000127	102.81237799999971	111.06543366666665	121.17489116666619	131.57112633333404	140.20850366666608	No Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	98.702241166666326	99.349923500000287	99.781329999999997	99.745229166666675	99.184450833333258	98.230887166666264	97.092029500000024	95.936787999999979	94.774220666666693	93.442923000000349	91.737538833333318	89.616377666666267	87.34744383333333	85.375879833332917	84.022838666666246	83.374240833333289	83.432329666666661	84.330084333333318	86.420839833333318	90.195198333332939	96.098175166666238	104.30489866666665	114.46327733333331	125.50438566666668	135.83365366666595	143.99421183333382	Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	100.26755800000002	100.20258433333331	100.40440633333333	101.06820033333334	102.24909599999999	103.80506516666635	105.25665283333335	106.07402533333334	106.10664633333325	105.51619599999999	104.55347583333304	103.51644533333335	102.66089133333308	102.06091566666667	101.60965866666665	101.09075783333309	100.27245066666643	99.136812833332939	98.103423000000006	98.017866666666677	99.861146500000004	104.377188333333	111.8266588333331	121.70998516666643	132.43357216666595	141.61856066666596	No Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	99.213277333333338	100.08112583333333	101.24090583333333	102.3906745	103.18399549999998	103.42518616666624	103.13600799999998	102.40764983333332	101.25549183333304	99.620752999999567	97.529806666666659	95.213103000000316	93.000128500000002	91.142602333333258	89.765380999999948	88.9306881666664	88.720730999999958	89.298928666666669	90.940775500000015	94.005232499999948	98.839283000000023	105.62302783333307	114.14083633333308	123.58014683333325	132.65502433333344	140.17217250000002	Time (s)
Degrees
Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	114.63843283333283	113.10399116666623	112.37054333333325	112.21958283333331	112.33315283333309	112.41475533333333	112.21797450000012	111.55626183333334	110.37978499999974	108.83699050000001	107.25701783333334	106.10631583333308	105.84781416666665	106.69638566666643	108.57585149999976	111.32589966666642	114.83917483333335	119.07829916666641	124.11607216666617	130.15324783333404	137.40266933333385	145.83653016666668	154.84938549999998	162.94697833333367	167.17766066666596	166.27594499999998	No Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	114.23839566666668	112.43952300000043	111.29872266666668	110.65028249999995	110.18335216666614	109.59142566666669	108.73810333333334	107.68381000000001	106.59055433333333	105.62499233333307	104.92946133333334	104.65753183333302	104.98659900000024	106.06944133333315	108.00940816666623	110.87829699999998	114.72859950000002	119.59378049999998	125.49250549999999	132.42817066666666	140.33707683333404	148.96389499999998	157.73148850000001	165.67825299999998	171.2238921666661	172.66689299999999	Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	104.61003266666643	102.81617983333335	101.47462083333333	100.74367166666667	100.63734183333304	101.06697600000001	101.90592183333331	102.98862833333334	104.06244016666624	104.8268586666664	105.2148325	105.6008045	106.50874316666624	108.18017066666641	110.53990049999999	113.41249216666637	116.66539766666627	120.28423566666667	124.43210733333335	129.3890815	135.34700000000001	142.23450616666616	149.61131283333341	156.58498116666658	161.90553266666655	164.60570283333334	No Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	107.39778883333302	106.37447383333307	105.93616883333334	105.89582849999998	106.02751283333335	106.17794049999998	106.27077099999977	106.20931483333334	105.91326016666666	105.42558300000002	104.93033983333331	104.7043773333331	105.01276250000001	105.98280733333308	107.58630249999995	109.73831916666643	112.40233233333292	115.63649116666623	119.57581466666655	124.36455633333337	130.10177966666652	136.80115633333403	144.29969549999936	152.13881050000001	159.54468549999942	165.50924183333382	Time (s)
Degrees
Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	105.54705433333332	103.27163066666667	101.186044	99.181073500000011	97.182474666666266	95.217585333333332	93.409024666666667	91.972789666666458	91.218641833333308	91.455379499999978	92.836424500000007	95.298713666666671	98.579897666666355	102.23033766666643	105.76681250000001	108.94288750000003	111.80184166666668	114.58295083333309	117.71761466666706	121.74470900000024	127.05315916666665	133.643046	137.80216225000001	141.84723650000066	147.008545	150.1021805	No Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	96.846575333333249	94.591707999999983	92.788229666666666	91.480246333333341	90.588383999999948	89.971069166666652	89.565036833332954	89.438981333333288	89.72782133333331	90.559319833333319	92.032489833333258	94.20281199999998	97.044719833333332	100.45108666666668	104.30915449999999	108.57089099999995	113.25454450000002	118.39070266666641	123.97252400000002	129.95249316666681	136.23775083333331	142.64868683333341	148.87298816666666	154.46288566666658	158.91911050000002	164.86792775000066	Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	105.16061016666644	104.21333066666665	103.54261533333333	103.19869999999999	102.99766550000041	102.66586166666643	102.04478833333309	101.16573733333284	100.16811766666665	99.21990833333335	98.546720000000022	98.453470833333071	99.222226499999991	100.98012933333332	103.6726543333331	107.15587999999974	111.28776549999999	115.94366716666667	121.02382683333325	126.47486883333328	132.24220149999999	138.20242816666666	144.15160383333341	149.5915894	155.76180274999999	161.57438666666658	No Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	90.941268833333325	88.714968166666651	86.841495500000022	85.286195000000006	84.091960833333331	83.399224333333336	83.371160000000003	84.105200499999981	85.635946999999959	87.954990333333342	90.974549500000023	94.512574333333319	98.360130333333288	102.34508383333331	106.35743983333325	110.35884333333308	114.36403016666638	118.42842599999999	122.64400233333328	127.09280266666643	131.8052698333338	136.77374266666595	141.96770483333341	147.29140466666658	152.53561399999998	154.43310174999999	Time (s)
Degrees
Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	36.313347166666333	37.11251133333333	38.748640000000002	41.329573833333335	44.586885999999993	48.297698166666528	51.96530933333333	55.845180000000006	59.389909666666377	62.456914166666436	64.930285000000026	67.014137833333308	69.292293500000127	72.46704866666667	77.021364833333308	83.017878833333086	90.166606666666652	98.013435999999999	106.07356516666644	107.39762500000035	115.81407525000002	115.45648966666668	109.21379450000002	111.70880849999998	111.175625	108.04928600000002	No Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	27.918075999999999	27.957119666666667	28.633152166666743	30.071853333333326	32.339220499999996	35.36039383333334	38.894680333333191	42.638327333333336	46.366747666666377	50.021882333333295	53.762113666666671	57.869293833333295	62.515814499999998	67.816676499999986	73.969541000000007	80.834222166666649	87.616631999999981	93.581478166666216	98.482154999999992	102.33996316666668	105.27853883333287	107.4658395	109.14341333333334	102.7130985	105.69880433333309	112.71326800000024	Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	41.958680000000001	42.547784833333139	42.618651166666467	42.5042651666664	42.594599333333335	43.102940166666521	43.960883499999994	44.854146333333169	45.461333833333335	45.839273000000006	46.588072333333336	48.140196000000003	50.32321016666652	53.326841999999999	57.630598166666644	63.514723666666377	70.840456000000003	79.097721166666659	87.687126166666658	96.102420999999978	103.85485849999998	110.09943860000001	116.05599219999957	111.43276200000001	128.55259700000047	No Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	26.749052333333214	27.556552	29.107867833333327	31.448992499999989	34.567715833333331	38.375762333333334	42.741199499999993	47.460748166666505	52.254348833333324	56.846974833333185	61.040158000000012	64.754181666666668	68.094035500000004	71.365697166666237	74.925025333333338	78.967280000000301	83.471314666666657	88.264849500000025	93.100564166666658	97.776312499999989	102.233745	106.5289448333331	110.70997850000001	114.73152266666666	116.14153280000001	114.745716	Time (s)
Degrees
Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	130.94294716666667	133.54582216666617	135.52522016666666	137.09700266666658	138.4641445	139.21440883333341	139.48262150000048	138.78544500000001	138.30284116666667	138.62281283333382	139.98464333333379	141.7528025	142.62451949999999	141.79347216666616	139.68990466666619	137.15142550000004	129.60815880000001	127.32053979999998	125.50720080000002	125.86341300000002	129.18348474999999	125.43102500000033	123.88517400000001	127.24521249999999	128.78818900000007	141.50369299999952	No Trigger Right	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	142.33491400000003	146.73161183333337	149.54051716666658	150.67235833333382	150.22717800000001	148.34644816666687	145.23082866666658	141.24046066666619	136.92136000000048	132.63103983333392	128.47745900000001	124.60777399999998	121.4419785	119.46706900000041	118.6853293333331	118.36527649999998	117.62036383333307	116.57930500000001	116.2090823333331	117.02164216666638	118.94350433333339	121.67149199999976	121.79867540000002	130.01936349999951	141.499878	153.62919599999998	Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	135.82044083333446	134.99469016666652	134.06817233333382	133.13395316666583	132.3349	131.85805750000048	131.90517416666617	132.44833133333404	133.26015849999999	134.22187816666658	134.84792183333386	134.37656549999951	132.78210966666668	130.80800733333427	129.21750899999998	128.17003116666658	127.33456433333333	126.38489900000002	125.3791835	124.84955983333333	125.54059760000024	127.73583060000001	129.86284340000054	136.60007999999999	136.78681900000001	No Trigger Left	-0.5	-0.48000000000000032	-0.46	-0.44	-0.42000000000000032	-0.4	-0.38000000000000106	-0.36000000000000032	-0.34	-0.32000000000000106	-0.30000000000000032	-0.28000000000000008	-0.26	-0.24000000000000021	-0.22	-0.2	-0.18000000000000024	-0.16	-0.14000000000000001	-0.12000000000000002	-0.1	-8.0000000000000043E-2	-6.0000000000000032E-2	-4.0000000000000022E-2	-2.0000000000000011E-2	0	148.10723000000004	153.79951449999942	158.85835516666666	162.37356566666568	163.35670466666662	162.66648116666659	161.457255	159.19594816666665	155.25164016666668	150.10702766666668	144.71277349999951	139.94274916666669	136.27599199999995	133.61181516666613	131.53856666666658	129.71658066666589	127.99810666666667	126.43530266666642	125.32002650000003	125.04524866666668	125.77296066666665	127.33672200000001	129.35875583333367	125.95539274999985	121.14792100000012	120.67638049999964	Time (s)
Degrees
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