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Analysis of trampoline competition scores focusing on flight time
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Abstract : Although flight time is an important factor in trampoline competitions, the relationship
between flight time and competition scores has not been clarified. The purpose of this study was to
clarify the factors associated with a high total score in trampoline competitions, with an especial
focus on flight time. Data from national competitions of elite athletes (men: 207 trials, women: 187
trials) were included in the study. The flight time for each jump, including the time just before the
first skill (T,), was obtained from the official competition system. T-score assumed from the
elements of routine in each trial was simulated by an optimization approach that estimated the
mechanical work for each skill to minimize the error in flight time. The difference in actual T-score
relative to the simulated T-score was defined as AT. The relationships of T, and AT to scores were
analyzed by multiple regression analysis. There was a significant positive correlation between each
score and the total score for both men and women, with particularly large correlation coefficients
for the E-score and T-score in men, and the D-score in women. T, and AT alone contributed more
than 50% of the total score (excluding penalty and point deductions due to landings) for both men
and women, with AT making a particularly large contribution. For both men and women, T, and AT
positively contributed to the D-score and T-score. Additionally, AT was larger with smaller
decreases in the flight time in the first half of the elements. These results indicated that T, and AT
contributed largely to the total score through the D-score and T-score. The large contribution of AT
to the total score suggests the importance of maintaining flight time by obtaining a large reaction

force during take-off in the first half of the elements.
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Figure 1. A provisional structure model for trampoline performance.
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Table 1. The total score and each component score including their Spearman’s rank correlation

coefficients with the total score (r (Total score)) and Shapiro-Wilk test statistics.

Total
score Escore Dscore Hscore T score Penalty
Mean 5847 1555  16.94 927 1674 0.01
Male S.D. 1.05 0.68 0.68 0.25 0.40 0.07
(n=207)  Shapiro-Wilk 0.99*  0.96%*  0.93%* 0.97¥* 098 *  (.20%*
r(Total score) 0.58%*%  0.43%%  0.44%%  (.58%% _02]**
Mean 53.67 1584  13.27 934 1524 0.02
Female S.D. 1.25 0.80 1.29 0.24 0.35 0.07
(n=187)  Shapiro-Wilk 0.99 0.99  0.96%* 0.97*%* 1.00  0.23%*
r(Total score) 0.20%*%  (0.63%*  0.23%%  (.27%* 0.09
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¥ p<0.05, " *: p< 0.01
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Table 2. Estimated mechanical work (W) for each skill and estimated mechanical energy
(R) for each skill type with various statistics.

Skill Position  Symbol "™ Twist  Difficulty’ Wike)
sault Male Female
Rudy out Triffis Pike 12--3< Triple 32 22 1.47
Full in Half out Triffis Pike 122-1< Triple 3/2 22 0.00
Half in Half out Triffis Pike 121-1< Triple 1 2.1 3.19
Half out Triffis Pike 12--1< Triple 1/2 2.0 1.93 0.89
Double in Double out Straight 844/ Double 4 2.0 2.61
Half in Half out Triffis Tuck 121-10 Triple 1 1.8 4.51
Full in Double-full out Straight 824/ Double 3 1.8 2.74
Half out Triffis Tuck 12--10 Triple 12 1.7 3.43 2.12
Full in Rudy out Straight 823/ Double 5/2 1.7 2.92
Randy out Pike 8-5< Double 52 1.7 391
Rudy in half out Pike 831< Double 2 1.6 421
Half in Rudy out Pike 813< Double 2 1.6 4.18 2.61
Full in Full out Straight 822/ Double 2 1.6 3.18 0.36
Rudy out Pike 8-3< Double 32 1.5 3.87 2.19
Full in Half out Pike 821< Double 32 1.5 3.53 2.28
Full in Full out Tuck 8220 Double 2 1.4 3.52 2.41
Half in Half out Pike 811< Double 1 1.4 4.82 3.57
Half in Rudy out Tuck 8130 Double 2 1.4 3.09
Half out Pike 8-1< Double 12 1.3 427 2.96
Rudy out Tuck 8-30 Double 3/2 1.3 222
Full in Half out Tuck 8210 Double 3/2 1.3 2.20
Double back Pike 8--< Double 0 1.2 4.11
Half in Half out Tuck 8110 Double 1 1.2 4.87 4.22
Half out Tuck 8-10 Double 12 1.1 3.13
Double back Tuck 8--O Double 0 1.0 4.04
Back or front somersault Pike 4-< Single 0 0.6 4.30
Back or front somersault Straight 4-/ Single 0 0.6 3.70
Barani Straight 41/ Single 12 0.6 3.01
Back or front somersault Tuck 4-O Single 0 0.5 4.11
Shapiro-Wilk statiscics 0.97 0.89
Position Symbol Summer- R (Vkg)
sault Male Female
Pike 12< Triple 1.22 1.36
Tuck 120 Triple 1.24 1.55
Pike 8< Double 1.17 1.34
Tuck 80 Double 0.43 1.12
Straight 8/ Double 1.32 0.65
Pike 4< Single 0.93
Tuck 40 Single 0.32
Straight 4/ Single 0.27
Shapiro-Wilk statiscics 0.69%* 0.90
Targets for comparison Statistical test Statistics Male Female
Summersault & W Mann-Whitney's U test for Male Statistic Z -14.26%*
Kruskal-Wallis test for Female Statistic H 256%*
Twist & W Spearman's rank correlation r -0.80%* -0.65 *
Gender & W Wilcoxon signed-rank test Statistic Z -2.80%*
W &R Mann-Whitney's U test Statistic Z -3.02%* -3.51%*

"The Symbol column shows, from left to right, represents the somersaults (1 per 90 degrees), the twists per
somersault (1 per half twist), and the positions (Pike: <, Tuck: O, Straight: /).

ztDifﬁculty: The larger this value, the more difficult it is.

*: p<0.05, **: p<0.01
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Figure 2. Examples of simulated and real flight times during ten skills. The number of skills “0” indicates the
flight time just before the first element (T,).

Mean S.D Shapiro- coireristlieon Stand'ard
®) Witk o Coefficient regi‘;ﬁtn
coefficient
T, 195 0.04 098* 0.36** 9.97 0.39%*
AT 0.00 035 0.97** 0.63%** 1.82 0.68%*
Intercept 39.19 -
VIF 1.02
R? 0.571**
R”: DOF adjusted 0.567**
Female (n=187)
T, 1.77 0.03 098* 0.38%* 13.69 0.34%*
AT 0.01 031 0.96%* 0.55%* 2.40 0.60**
Intercept 29.63 -
VIF 1.03
R? 0.577**
R”: DOF adjusted 0.572%
** p<0.01
VIF: Variance inflation factor
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Table 3. Flight time just before the first element (T,) and difference in actual T-score relative to the
T-score assumed from the skills of routine (AT), including Shapiro-Wilk statistics and the results
of multiple regression analysis using robust regression with the total score (excluding penalty and
landing deduction) as objective variable.
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Table 4. The results of multiple regression analyses using robust regression with T, and AT as dependent

variables and each component score as objective variable. T, indicates the flight time just before the first

element, and AT indicates the difference in actual T-score relative to the T-score assumed from the skills

of routine.
Male (n=207) Female (n=187)
Standard Standard
Coefficient reIg)?;;isailon Coefficient reIg)?;Ssailon
coefficient coefficient
T, -7.54 -0.41%*
Escore AT 0.78 0.43%*
except for  Intercept ) 29.20 -
landil?g VIF 1.00
deduction R? 0.188%*
R*: DOF adjusted 0.180%**
T, 5.82 0.31%* 20.31 0.49%%*
AT 0.60 0.31%* 0.93 0.22%*
D score Intercept 5.66 - -22.58 -
VIF 1.02 1.14
R? 0.227** 0.308**
R”: DOF adjusted 0.219%* 0.300%*
Ty
AT
H score Intercept ) )
VIF
R
R*: DOF adjusted
T, 3.23 0.30** 1.95 0.17%*
AT 0.95 0.84%%* 0.83 0.74%%*
T seore Intercept 10.40 - 11.80 -
VIF 1.01 1.51
R? 0.756** 0.612%*
R”: DOF adjusted 0.754%* 0.607%*
** p<0.01

22 h 438 (Pike. Tuck. Straight ® 3 ff) @ & (2
AT B @b %1% FEhii§ % BEOEH O 2E K
BE b T R Xy FIZT 530
LBEWVEWn) 281 ThHob, SV L. ATD
BHBRICHIZ> TEBL TV ARVwEE LT, O

WY oL 22 LB LN OER KFEHHO
BERdE ) BEOME) PRICKITTHE. @

VIF: Variance inflation factor
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Table 5. Relative value of the flight time change with respect to T, and their Spearman’s rank correlation coefficient
with AT (r (AT)). T, indicates the flight time just before the first element, and AT indicates the difference in actual
T-score relative to the T-score assumed from the skills of routine.

Male (n=207)

Female (n=187)

Mean (%) S.D.  Significant difference  r(AT) Mean (%) S.D.  Significant difference  1(AT)

1) T1-TO -72 1.3 2,3,4,5,6,7,8,9,10 0.36%* -6.7 1.8 2,3,4,5,6,7,8,9,10 0.15*
2) T2-T1 -1.7 19 1,3,4,6,7,8,10 0.40%* -09 15 1,3,4,5,6,7,8,9,10 0.43%%*
3) T3-T2 -3.7 1.6 1,2,4,5,6,7,8,9,10 0.06 -3.7 13 1,2,4,5,6,7,8,9 0.24+%*

4) T4-T3 -04 1.8 1,2,3,5,9,10 0.21%* 0.1 1.7 1,2,3,5,7,9,10 0.05

5) T5-T4 -1.7 15 1,3,4,6,7,8,10 -0.07 29 13 1,2,3,4,6,7,8,9,10 -0.01
6) T6-TS -0.6 1.6 1,2,3,5,9,10 0.10 -0.1 1.8 1,2,3,5,7,9,10 0.33%%*

7) T7-T6 -1.0 L5 1,2,3,5,8,9,10 0.03 20 14 1,2,3,4,5,6,8,10 -0.01

8) T8-T7 -03 1.8 1,2,3,5,7,9,10 -0.07 04 15 1,2,3,5,7,9,10 -0.02

9) T9-T8 -1.5 1.3 1,3,4,6,7,8,10 0.10 -1.6 1.3 1,2,3,4,5,6,8,10 -0.08

10) T10-T9 26 1.7 1,2,3,4,5,6,7,8,9 0.08 3.6 1.8 1,2,4,5,6,7,8,9 -0.12

*: p<0.05, **: p<0.01
Total score
| E-score | | D-score | | T-score | | H-score | 10 elements Penalty
completed
Stability after Form and Difficulty of Flight time in Landing
the final control in the skill in each element position in
landing each element each element each element
Flexibility Holding of Angular Ability to gain Previous Direction of
preferred velocity flight time landing position previous jump
posture
[n ] [ar]

Figure 3. A modified structure model for trampoline performance.
T, indicates the flight time just before the first skill, and AT indicates the difference in actual T-score relative to the

T-score assumed from the skills of routine.
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Figure 4. Relationship between the static deflection and body mass.
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