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With the current emphasis placed on the difficulty and origindity aspects of
gymnasticvault performances, reinforced by downgradingthebasescorefort he existing
vaults and simultaneoudy providing bonus points for new vaults. the amplitude o
postflight has become increasingly important. Physical amplitude of podtflight is
consdered a critical factor in learning advanced vaults becauseit providesthe height.
horizontal distance, and rime necessary to execute complex maneuvers in midair.
Artisticamplitudeisal so importantin enhancing theaesthetic aspectsd the vault. For
thesereasons, it isnot surprising that the Federati onof I nternational Gymnastics(1985)
assigned 7.0 pointsout of 10.0for thepostflightphase. Of theremainder, 2.8 pointsare
assigned to preflight and blocking, with 0.2 point set aside for demondrated virtuosity.
Although abreskdown o pointsfor blocking isnot available, itisgenerally considered
to be of greater importancethan preflight in determining the linear motions and
trgjectory of CG in postflight e thegymnastisin theair after takeofffromthehorse.
body control and precise timing are crucial for successful performance o the salto
forward andkickout. Furthermore, to achievesuccessful results, the moment o inertia
of the body must be properly dtered & the critical ingtants and height in space to
maximize the body style of artistic expresson and smultaneoudy to prepare for a
controlled landing on the mat.

An in-depth study of blocking and postflight should provide meaningful and
useful resultsbecausewdl over 70% of thetotal scoreawarded by judgesisallotted for
thesetwo phasesof thevault. Althoughanumber of studieshavebeen conductedonthe
handspring and salto forward tucked vault (see Figure 1), an important **common
denominator"il| that providesan array of carry-overdlementsfor advanced vaultsand
safety, none have focused specifically on the blocking techniqueand body control for
sato forward and kickout prior to landing. The purposed this study was o identify
factorsthat govern successful performanced (a) blocking or pushoff againstthe horse
with thearms and shoulders and (b) body control for somersault and kickout or rapid
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Figure 1. Selected positions and trajectory of the center of gravity of the highest scored
handspring and salto forward tucked vault performed at the 1988 Olympic Games.

extension during postflight in the handspring and salto forward tucked vault which,
accordinge Miwa (1984), in tum enhance the expression of artistic amplitude and earn
virtuosity points. The hypothesis of this study was that some mechanical factors
identified in the model were significantly correlated with successful performance of (a)
the blocking and (D) the body control for salto forward and kickout in the handspring and
salto forward tucked vault as rated by the judges.

METHODOLOGY

The method described by Hay and Reid (1988) was ysed to develop a deterministic
model to identify mechanical factors goveming successful performance of blocking and
body control for somersault, kickout, and landing of the handspring and salto forward
tucked vault. “Artistic amplitude™ was not defined in the form of a deterministic model
in this study because the precision required to de/ne all of the factors in mechanical
terms is nearly impossible. As an initial attempt to understand form or aesthetics,
however, this study focused on the phases of the vault which were presented by Miwa
(1984) to be most closely related e the expression of artistic amplitude.

The subjects were 51 male gymnasts from Bulgaria, Canada, China, East Ger-
many, France, Hungary, Japan, Korea, Romania, Soviet Union, and West Germany
participating in the 1988 Olympic Games. A 16-mm motion-picture camera filming at
anominal rate of 100 Hz was used to record each vaulter’s performance, which included
the preflight, horse contact, postflight, and landing. The filming was conducted during
the actual competition in the men's compulsory session at the Games.
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The x and y coordinates of 21 points defining a 14-segment model of the human
body described by Clauser, McConville, and Young (1969) were recorded for each
frame analyzed. These data were then used as input to a computer program designed to
identify gross errors in the digitizing process. Any errors identified Wee corrected by
interpolation or by re-digitizing. The data uek then smoothed using a second-order
polynomial square approximation to five data points as described by Wood (1982).
Subsequently, the location o CG in each analyzed frame was computed using the
segmental mass proportion and segmental CG location data of Clauser et al. (1969) and
the basic segmental procedure described by Hay (1985) after which the angular
momentum, impulses, average forces and other variables in the model were determined.

The data analysis consisted of (8) computation of the means and standard
deviations of all the variables identified in the model and for which data could be
collected,and (b) computation of the Pearson product-moment correlations between the
judges’ score and each of the above variables. In the present study, a correlation
coefficient of .39 (p< .005) indicated a significant relationship. This meant that 15.2%
of the variation in the judges' score could be accounted for by a variable that had a
correlation coefficient of .39.

RESULTS AND DISCUSSION

It was found that, for the mechanical factors that 3 Je related to blocking, (a) the
horizontal velocity at touchdown on the horse, (b) the vertical force and impulse exerted
on the gymnast by the horse, and resulting change in vertical velocity while on the horse,
(€) the time or contact with the horse,and (d) the horizontal and vertical velocities at
takeoff from the horse 3 jeimportant determinants for successful performance (Table 1).

For the mechanical factors which 3 Je related to the body control for takeoff from
the horse to full tuck, (a) the time taken and the horizontal distance traveled byS6 after
takeoff from the horse to reach peak of flight, (b) the upward vertical displacement or
rise inS6 from takeoff to the peak, and (€) the height of CG at the instant of the tightest
tuck position during the salto forward uee important factors in achieving successful
results (see Table 1),

For the mechanical factors that are related to the body control from full tuck to
landing on ug), (©) the horizontal distance travel by CG and the time taken from the
tightest tuck position during the salto forward to landingand (b) the angular speed of
body rotation from the full {Tgy to landing 9/¢ important factors for successful
performance of the vault (see Table 1).
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Table 1. Descriptive Statisticsand ¢ Values with the Judges Scorefor Variables
in theMen's Compulsory Vault Performed at the 1988 Olympics

Variable M SD Min Max r

\/ athorse TD, m/s 531 032 4,61 6.05  49%e+
\&rticd forceson horse, N 850.0 188.4 4440 12360  36*
Vertical forces/WT on horse 137 0.27 0.78 196  45%%*
\&rticd impulseson horse Ns 39.1 26.7 215 859 A0
Changeof V, on horse. m/s 0.62 042 047 141  A2++
Timeon horse, s 0.19 0.03 0.14 023 -41%»
Vyat horseTQ mys 3.56 025 294 411  S1eee
V, a horseTO, m/s 298 035 2.4 381  55%»
Time. TO to peak, s 030 0o 0z 039 S56%**
Horizontal distance. TO to peak, m 138 017 (e 159  .65%*+
Risein CG, TOto peak, m 0.45 an 0% Q74  S54%ss
Heightof CG & Minl, m 2B 020 230 310 49w

Horizontal distance. Minl to TD, m 1e o4 0.90 260 554w~
Time. MinltoTD, s 04 010 0z 06  45%w
Angular velocity, Minl to TD, deg/s  499.0 4.6 421.0 63L0  -.40%*

V,, = Horizontal velocity; V, = Vertical velocity, TD = Touchdownon horse; TO = Takeof f
from horsg, WT = Body weight of subject; MinI = Minimal momentof irertia *p 5. 05;
**p < .005; ***p< .001.

CONCLUSIONS

Theabovefindingsindicated that alargehorizontal velocity at touchdownon the
horseachievedhy vigoroudy sprinting theapproach run i sen important prerequisitefor
successful performance. A blocking o forceful nature, applied over a brief period of
time, iseffectivein developinga large verticd impulse, which in turn producesalarge
changeof vertica velocity whileon thehorse. Thisenablest he gymnast todepart from
the horse with a large vertica velocity which in nun ensuresa large upward vertica
displacement resulting inalargetrgectory of CG in postflight. Oncein theair, during
thesalto forward,focusshould betoaltert he momentof inertiadf thebody insuchaway
that thefull tuck positionisachieved just beforeor as closeas possible to the pesk of
flight. This maximizesthe time and height available for the remainder of postflight
including thekickout in midair, maintenancedt theextended body position inflight, and
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preparationfor landing. Effortshould also bemadeto stretchthebody fully, whilewell
abovethehorse. and rotate it dowly asit travelsalarge horizontal distance to enhance
theexpressionof artistic amplitudeof postflight for virtuosity points. The small angular
velocity thus achieved by early kickout well abovethehorseand the long-held extended
body position as it travels a large horizontal distance during the descent phase of
postflight notonly contributeto theartistic amplitudebut also provideagreater control
for landing absorptionof alargequantity of kineticenergy andimpact forceof landing
over alonger distance.
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