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This project represents part of the continuing involvucnt of tbe Division of Sports Sciure of tbe U.S. 
Olyqic Corittee with tbr Docathlete OIvelopt PIOW vitbin W, tbr governing body tor track ard field in 
the U.S. For tba p t  three years, stdff rrbrn of tbe Sports Biorcbanics Deparbcnt bave obtained btb 
qualitative anl quantitative video imges of decathlete p r f o m m s  during tbe national chmpiwbips. In this 
presentation, tbe resultr of the analysis of tbe sbot plt performances of U.S. elite decathletes will be 
reported. 

¶'he purpose was to analyze selected kinemtic parameters describing shot put perfomaxes of elite U.S. 
Qcathletes. ¶'he obtained intomtion provides baseline data of colpetitive pe r fowes  upon vhich subsequence 
prforaances of these or otber Decathletes can be evaluated. 

A secondary purpose vas t o  correlate the selected kinematic paraPeters with put distance. 

The analysis vas tuo-diaensional in nature with tbe kinuatic data king obtained from video images. During 
the 1989 USApbile Track and Pield Championship i n  Bowton, Texas, the shot put performances of 11 elite 
scores bet-veen approximately 7800 and 8300 points wre recorded. The trials wre videotaped by a Panasonis 
05300 camera and stored by an AC - 2400 recorder. Tbe cmra was positioned perpendicular to the movement pazh 
of the athlete across the ring. The k s t  of tbree put atteapts mas selected for analysis, and the Rax 
Video/Computer Hotion Ileasurement System was used to collect tbe data from tbe video images. 

The inrages were digitized at 60 HZ on tbe Peak system ard tbe data e r e  smtbed using a 5 Hz Buttenorth 
filter. A 15-segment me1 was selected, and center-of-ws detersinations were calculated usinq the Mg 
segmental data by Deqster. 

Of the 13 Decathletes i n  the sbot put event, 10 exhibited the glide technique; tbe remaining three 
decathletes used the spin technip. Only the results of the analysis on the throws obtained by the decathletes 
usinq the glide technique are being reported. 

The rean height and weight for this group was 1.87 m and 83.86 kg, respectively. Corresponding standard 
deviations Ere .04 and 3.63. Average distance for the 10 best puts was 13.59 m f 1.27 m vith a standard 
deviation of 1.27. None of these figures vas noticeably changed by elininatinq the three decathletes who 
preferred the spin technique. Including: displacement, velocity, angular measures and temporal values. 

b Specific kinematic para~eters vere selected to describe put performance. Tbe dis~laceaent measures included 
the horizontal and vertical wvements of botb the shot and center-of-mass of the Decathlete during the 
propulsive or p w r  phase of the mvement sequence. Sbot at release uas the only sped variable 
included in the analysis. -msures wre restricted to those puantifying the angle of projection of the 

q s b t  at release and the angle of incli~tion Of the tmk. Temporal measures e r e  selected to designate specific 
movement phases that vere identified. 

Pour timing intervals wre designated as indicated bellov: 
1. Initial phase 
2. Glide phase 
3. Stabilizing phase, and 
4 .  Power or propulsion phase 
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The initial chase vas defined as the t iw interval be- an observable, balanced p i t i o n  assumed by the 
Decathlete prior to beginning the mveIent seplleara and the lifting of the ipsilateral foot. 

The aide rbse ws designated as the t b  Qration between the tdke-off and toucMoun of the ipsilateral 
foot. t 

The $tabilizim Phase deocribed tbe t h  period ktueen toucMown of the ipsilateral foot and tePcbdovn of 
the contralatual foot. s 

power or ~rowlsion phase rrac delhhted by the tire period beghkq with tOUCMOYn of the contralateral 
foot and endiq dth release of tha shot. 

Tutal wucat t h  was tbc SUB of the tire durations for all f m  of the p v i w l y  delimi se!pencs. 
I 

Analysis of the tempral patterns exhibited in the perfo-es of the 10 Decathletes using the glide 
technip is presented in this slide. Becaw of the variation in total mvwnt time, tbe temporal leasures are 
expressed as a percentage of total the. We initial phase mrprised approximately tvo-thirds of the total tine 
and 20 percent of the tine period was spent i n  the power pkse. Percent values of 6.3 were f o d  for both the 
glide and stabilizing phases. If, bmever, the timinq sequence is referenced to  the lifting of the ipsilateral 
foot then approxiaately 18% i n  the glide phase, 18t in  stabilizinq , and 62t in pow propulsive. 

Findings from the analysis of the velocity and q l a r  reasures are shorn in this slide. At releasc, the 
average resultant .shot velocity n s  9.18 ~ / s ,  and tbe rean value for the aqle of projection of the shot at 
release vas 44.38 degrees. The w l e  of inclination of the trunk, on the ipsilateral averaged 81.7 degrees, 
i.e. the putting sboulder was 8.3t  anterior to tb hip. 

Displamt  variables for shot and center-of-rass d u r q  the power phase are depicted in the next slide. 
Mditionally the third variable describing projectile lotion; height of the shot at release is 1.98~. 

Correlational analysis of the selected k i m t i c  variables measured with shot prt distance was one of the 
plrposes of this study. Three separate groups of variables e r e  fomd in vhich the relationship of each 
variable with put distance vas determined. Tk correlation coefficients of variables describing proiectile 

are awn in the present slide. None of ti% three variables was significantly related to pt distance. 
Each of the tenwral areasures uas also correlated with put distance. The relationship beteen each tine 

interval and throw distance is depicted i n  this slide. N1 of the relationships wre negative and nen 
significant. 

For the shot and center-of-nass moveaents in both the horizontal and vertical directions, derate-to-low 
mrrelation cwfficients vere observed. Negative relationships mere seen except for the vertical movement of the 
center-of-mass i n  the pover phase. t&ne of the relationships n s  statistically significant. 

Based w o n  the results of both the descriptive and correlational statistical analyses, the follovinq 
conclusions are warranted: 

1. Wo significant statistical relationship n s  found between put distance ard the parawters describing 
projectile motion. 

2. Ilo significant statistical relationship n s  found bet.deen put distance and shot or center-of-mss 
mvement during the pover or propulsion phase. 

3. Tbe negative but nonsignificant statistical relationship found beyreen put distance and tenpral 
variables reflect the importance of the force compnent i n  the impulse-momentu relationship. 

Recommendations for future p r o j ~ t s  include: 
w 

1. Analysis of U.S. elite decathlete shot put perfomnces using a three-dimensional fomt; this mill 
permit the analysis of the spin technique as vell as a wre accurate determination of angular 
variables. 

2. Brpand the shot put data base t o  include U.S. elite shot putters. 
3. Puture analyses should include a comparison of U.S. Decathlete shot put perfomnce with world elite 

Decathletes. 
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