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In tbe sport of basketball, the ability to b t  tbe basketball is a Lay skill. mouqh sbootiq techniques 
ban cbangod, as Cwpcr (1990) ~ l s d g e s ,  sbootkrg om bar&, vith OM band behind tbe ball and the other to 
tbcrfQ,bu ~ t b r b r m t l w l o f r h o o t f n q  bothjqsbotrandfreethmn. Shrboot ingbsuchan 
integral part of tbr an ability to doot m x e u f ~ l y  f m  r wi t ty  of dirtaacsl wuld naturally be 
desirable. Caquently, identifyiq tbe chmctaristiu a c h  skilled p r i o r u s  ase to achieve success across 
different dirtancas should br useful bfomtion to c~acbea, tcacban, anl playan. 

fba br for the btexmhnta of suearr b coqandd bg the natPrr of rboating d c h  r l l m  for 
lMdless colbinaticas of # ~ m t a l  contributions in conjunction vith amrolls projetion iuylu and velocities 
vhich can result in shots vhich directly or indirectly fall t .  the basketa (Wdron, 1982, p. 95). lhrtin 
suggests using a loverent analysis approach to descrik gccd shooting skill and advocates th use of t imatic 
variables. Yates and Bolt (1982)- cruind kineratic ebaractaristics of 10- and 20-foot jump shots but did not 
report bow the 10-foot sbot differed from the 20-foot &at. In general they found that th ball uas relcased 
vhile the body was roving upward in a predoriFantly vertical path and that the body, sbouldcr, elbow, wrist, and 
band all contributed to hall projection. 

In tvo studies of free throw sbmting, elite, mle bashtball players were described in tells of kinesatic 
variables, Byes d n e d  ball velocity and the contribution that cacb body sagwt mde to ball velocity. 
Within this elite group of subjects tbsre was little variability of the ball velocity at release. fb also fwnd 
that early in the propulsion *re, the lover body war tbc rain contritutor: at the and of tbr propulsion phase, 
the forearnls contribution increased, and finally, just before release, the hard provided the mjor 
contribution. Tsarouchas, Kalararas, Giavroglou and h'assas (1990) analyzed elite free throw sbooters as well. 
Based on one successful shot fro8 each subject, they concluded that tbe trajectory of the ball prior t o  and 
after release approxirated the same linear path. Corbining the results of byes and Tsarouchas e: al., it 
appears that coordination my be an iPportant element in qocd shooting. 

With shwtinq, certain characteristics are tbought to exist within consistently successful shooters, 
although individual variation among noncmial elements is wwn.  For example, Budson (1985b) mapred elite 
and good free throw shooters and founl little variability within elite sh t e r s  on the kineaatic variabies which 
distinguished skillfulness. %re was, bowever, greater variability on characteristics vbich ware inconclusive 
predictors of skillfulness. In another study of free throw shooting, Wson (198%) examined nrcessful Sktj 
relative to lmsuccessful shots. Within the elite shooters, there vere m trends to separate the made from the 
missed shots. She concluded that these players e r e  usirq individual strategies of adjustment and that a use 
study approach should be employed i n  future studies of higuy skilled shocters. Tsarouchas et al. also found 
that there e r e  individual differences within good shooters in that some had a elova elbow t d i q w  while 
others used a 'higha efbou tachnip i n  their shooting form. 

Nthouqh free throw studies provide inforation about vhat may be iqortant to success in shootisiq froo 
1.6 8, there is  limited infomtim about kinematic variables which are associated with suxess at  otter 
distances. Bence, the purpose of this study mas to analyze field goals taken fro8 three different distances. 
Specifically, do k i m t i c  characteristics increase systemtically as distance iron the goal increases? Whe t ,  
do wre successful shooters differ fro8 less successful shooters in terns of kine~atics? 

The subjects for this study vere four colleqiate female basketball players vba play tha guard position 
&ere good shwtiq form is essential. These participants e r e  selected on the basis of their proven shooting 
ability as assessed by coaches. The subjects vere right handed and rqed i n  height between 168 and 170 ca. Tdo 
e r e  characterized as long-range shooters based on their success at all three distances. The other tvo =re 
considered nid-range shooters based on their success at the t w  shorter distances and lack of s w s  at the 
longest distance. The distinction between log- and mid-ray  shooters vas on the basis of the ability to asks 
shots beyond the 6 B nark. 
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mbjacts s&t fm ha tbr I* at  a 49 q l e  to the kuket It of 4.3, 5.2, 8rd 6.1 a. Iho 
abjeCtrvaegimth~touulap.Lwhsubject t b e n r h o t a 1 l k r B o t r h ~ i o n . S O I O l Y e h ~  
a n d ~ t o r a c b & ~ t o ~ t h e m o f a g a r r h o t t c c b a ~ . ~ o a r t e p p a d t o t h e 4 . 3 1 ~ u d  
sbot five s b b .  But abjoct tbCP wed to thc 5.2 I distaaea and shot five tiws and thn mved to the 6.1 
~distapcsaai r W f i r r t i r r , ~ l a b ~ r m t i l l l a ~ ~ l l h l y t h r m g h t b r l 5 t r k l r l a i a g r h n w a i e  , 
Qlcwdu:vithrl/loOOhighipdtbRter.*ama vuuaJculutotbrplmofrnrarratatadistance 
of 10 I from ha ri#t rid8 of tb br. 

a n C t b p t ~ ~ t m r r h d b t a n c a f o t  U c h m b j C t t n d d i g i t h d o l i n g t b P m k l t S y s t u .  
a i t e r i r f o r ~ m ~ f f n t u d t b r n l b a t q r p a n d P r t t l p i a l f o r ~ t ~ . L 1 1 a a r l y r d  * 
~ v m m r e r r s t P l . f t h t b r ~ o f t b r h n . L d - ~ d o o t n r 1 t 6 . 1 ~ m i n b ~ i ~ n n t b c r i g b t  
and left toe, bwl, In, Mp, 8lculdu, elbou, md mist. PI dditian, tbc right BPtlr vu digitized as vas 
tbcball a n d t b r w .  A l l a m h v u r  tbtnapotbdud u v l p l d b y t b r  F e a k R r i ~ s y s t u .  Variables 
calculated h l P M  rrqDfu rpd lkrar dhp-b rPd rrlocitisr ol rrlwtd rrpmts the an& of mas. 

mir M t l a D  bas r cw rtPdg inrtrad af a rtatirtical appmrcb (lhdsm, 198%). bpbuis  
msgivsnto b a r a & ~ u a r e s f i i l a r ,  v b a t d b q n v m l a d r u  tbymvedfurtberfroltbr barltrt,vbat 
differ- were d h i q u h d  botvsca l o n g - r q  ud lid-- sbooten and ndt stylistic varhtiaro existed. 

N l  the shootus dtDnrtrated good shooting ion. Tbey wrr b a l d ,  prshd off the ground vith both feet, 
mved the ball to tbr f i a  m a  k f o n  axtanding to nlw, used one band to doot and aw to guide, kept their 
shooting elbow in line with that side of the My, utudd their eltaus, and rbowd a strong follow throogh 
mtion vith r oappirq of the v r h t  Md backspin aa the ball, nlrasing tbc ball after lrdvirq the ground. 

QY of tb t w l w  dub l i l l w t r a t d  in Figure 1. Tbe praparation, n l w e ,  and follov ttuoqb pbaw are 
depicted by tb path of the ball and thc position of tbe body. Rw linear path of tbc ball before, during, and 
W i a t e l y  after release descrikd by Tsamch et a1.(1988) is evident in  the third panel. Because this path 
is mre rectilinear than curvilinaar it appears to be an u a q l e  of r push pattern as dixwsed by Kreiqhbaru 
and hrtbeh (1985) in their cbapter on throv ad prlb pattun. The b r i n g  i o n  of the four subjects for the 
5.2 I shot i s  shoun in figure 2. T ~ B  basic difference ktwn subjects in term of ball path occurs during tbe 
prepration and k a trnrtion of receiving I pau before rbootiq and of initiatinq vith their particular 
style. The tw lcq-range rbootan are depicted aa the left ard the tvo mid-range shooten are depicted on tbe 
right. 

N l  shooters recorded high vrist angular velocities, evidenced vitb m overall group average of 1276 '1s. 
N l  wen able to nlusc their sbot witbin on tram of their peak angular wrist velocity, tbargb the hand is 
tbe last sqmt u h e ~  adjustments can k nde prior to release. 

Group awagcr  for ball velocity iacrawd across distance. TEe horizontal averages w n  4.10, 4.32, and 
4.92 4 s  and the rutical velocities mre 5.31, 5.58 and 5.80 I/S at 4.1, 5.2, and 6.1 I respectively. nus, tbe 
ball velocities k r e a m l  as the sublbJlctr mmd out in d i s k .  In o t h r  vords, this Linerintic variable 
LMcwd, or a d d ,  vith m h m m  fa distasl.  W, ball velocity cbangad l i t t l e  within dirtancu, as 
rurpw bl bya. 

m r i m t a l  rad vertical ball velocity at  nltasa i s  g i m  for cach subject in Table 1. T b q b  a l l  appar to 
reale tall d o c i t y  to s a  degree, tba lcq-ranp shooters rbw a mn catsistent pattern and ability to scale 
systemtially. b arrpla #old be lorq-mya lbootrr 2 ubwa borizontrl values wre t.03, 4.23 and 4.86 r /s  
andVbOIIvutica1 w l o u n n  5.37, 5.90, and 6 . Z l J s .  ?hemid-rangerbooter 1 & m i a n  hcrease in tbr tint 
tvo sbob in tb b o t i ~ l  ball velocity kR tba rbovrd m hmase in the f i rs t  tvo rb0t.s in the horizontal 
ball velocity bat t h  shmd m h l t m t  r h  fa the 6.1 B. shot. Nto, tba mid-range rbootus failed to 
imcw tbrir h a 1  velocities as luch u their horizontal velocities. mtrtfore, thc difference ktveen the 
b r i m t a l  ud nrtial bell n l o c i t i u  cpcv lua u di r tam hcmnd. A fairly sys t r r t i c  u l i n g  in both 
b r i m t a l  ud r u t i c a l  r l o c i t i u  rppur to be m iqortant upct of thr better laq-mp shootus. 

VIII S y m p o s i ~  Is%s Prague 1990 



?:jun 1. FIN! psitisn o! G h  :our Wtrr; in W 5 . 1  a 30:. 
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m u 8 1  
Linear Velocities by Subject and Shooting Distance 

- - 

BaJI Velonty COM VelDcuy 
Shooonp ~Rckve  a l t n w  Mvuwvn COM 
hayla (a's) (Ids) V e n d  V c b s  - (m) ( d S )  

Honz Ven Honr. Vcr  

Long-mnge 4.3 2.03 5.37 0.01 0.90 1.94 -0.72 
Shooter? 5.2  4.13 5.90 0.02 1.17 1.39 -0.37 

6.1 4.86 6.21 0.35 1.36 2.03 .0.15 

Just as scaling uas evident in the colposite prodwt variable of ball velocity at release, scaling occurred 
in a mapasite process variable, center of rau (a). The Ca( velocities (i.e., brizontal at release, vertical 
at release, vertical .arL.n, vertical minima) for all &jets arc g i w  in Table 1. In urwsful  shots, 
scaling ommed in vertical center of mss velocity at release. b tb  of tho loq-range sbocters scaled the 
vertical COH at release and shoved a tendency to scale tbe horizontal dinension. The tvo aid-range sbooters did 
not scale the 6.1 a shot and did mt scale tbe horizontal velocity. Val= for hh center of mss vertical 
velocity, or wirn dmvard velocity, for the long-raqe shooters eitber scaled or indicated a scaling 
tendency. Tbe tvo aid-raqe shooters did not sbov a consistent pattern across tbe three distances. 

In summary, the two loq-range skaters eitber wled or sboued tbe tendency to scale in tbe vertical and 
horizontal CCI( velocities at release and in tbe r a r h  domvard COK velocity of each shot. Tb long-range 
shooters mdc systemtic increases i n  their center of mss values, relying on their center ot .ass velocities to 
contribute systenatically to their sbots. The ud-range sbootcrs, though successtul at tvo out of the three 
distances, and shoving scaling effectr in tbe tvo shorter shots, seem u ~ b l e  to a l e  their center of rass 
velocity vben necessary. 

In addition to the mlposite product and process valws, oegmental valws supprt the same scaling effect. 
Though all sbooters scale in linear ball velocity, segmental linear velocities, though influenced by other 
factors, illllstrate tbe distinction betveen the long-range shooters and tbe aid-range shooters. For exanple, at 
release, acmss distance, long-range shwters 1 and 2 increased tbe vertical linear velocity of the knee 
(shooter 1: 0.91, 1.10, 1.32 11s; shooter 2: 0.91, 0.93, 1.15 Vs]. dd-range shwters 1 and 2 did mt shov the 
sare pattern in thc knee (shooter 1: 1.51, 1.62, 1.54 a/s; shooter 2: 1.48, 1.74, 1.55 11s). Thus, rcalinq the 
linear velocity as distance increased to the 6.1 r shot vas evident in the long-raqe shooters but not in the 
lid-range sbooters. 

In s l l l ~ a r y  all shooters used a puh pattern. All e r e  off tbe ground and still ascending at release of all 
shots. All shooters released the ball at or vitbin one frane of peak angular velocity of the n is t .  Both the t 

lonq-range ard the rid-range rhoooters scaled at sor point, with scr body part or parts, in an atteqt to 
systemtically increase their ball velocity across tbe three distances. Apparently these gocd sbooters were able 
to mkr adjustments durhq tbe cause of their shot, prior to release. 

The long-raqe shooters appeand to have a systemtic plan for yerating the velocity necessary for a l l  t 

distances. Tbe long-range shooters across the three distances evidenced a wling of horizontal and vertical 
ball velocity and achieved this through a systeratic scaling of center of rass and individual body s q m t  
velocities. Th rid-range .bmhrs did aake adjustments in order to scale the ball velocities frop 4.1 t o  5.2 a. 
If they had been successfnl a t  the 6.18 distance, of thr rrar pat tern  uhich existed for the long-range 
shooters ught have existed for then. As i t  a s ,  the dd-range shooters e r e  unable to scale to the 6.1 
I distance. 
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Tho@ sinilar patterns existed for all -ten in key elerents, individual variation did exist. Figure 
2 provides an example of individual variation. Ron left to right, tbe first sbwter exhibits a staggered 
sbnce, pres lore of a jump a& places tbe ball at ber forehead prior to release. Ibe second sbooter initiates 
her shot lcuer and brings i t  to tha side of k r  b@ prior to release. The third sbooter brings tbe ball over 
her head i n  her prepasation @an. foPrtb rbootar inithtsr thr bell in a saoath cann to  a pition in 

c front of her face prior to release. Individual variation lcnfs itself to questions about coordination patterns. 
E a e  vho deviate cutside of a particular pattern, a# in thc siwter in Figure 1, my be lhited in scaling 
ability by the style of 6bwtiq. U, if a particah coordination pattern can be detected for a shooter, 
variations Iron that pattern on an mmxessfpl at- can pmvido useful infonation. Furtb?r analysis of 
coordinatioa could prove belpful in mdantandhq tbe ability to s h t  skillfully. 

COWCLOSIORS 
1. All shwters at all dis- used a p h  pattern of coordination, released tbe ball vbile arendinq, and 

achieved high mylar velocities of tbe wrist uhicb pedked mar tbe instant of release. 
2. All shooters scaled some k h t i c  process and product variables as a flmction of imeasing distances from 

the goal. 
3. Conpared to dd-range shooters, lanq-range sbwters employed a lore consistent strategy of scalirq copsite 

velocities (i. e., ball and CON) as a function of increasing distance iron tbe goal. 
4 .  Individual variation does exist irdependent of success. 
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