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Two of the most commonly used shots in basketball today are the jump
shot and the free-throw shot. Accuracy in shooting increased from the
1940’s when Bob Daviess and Max Zadofsky's shooting percentage
ranged from 31 to 37%], to the 1970’s with National Basketball Associa-
tion (NBA) playersLou Hudson, Jerry West and Oscar Robertson averag-
ing approximately 45 to 50% during their professional careers.

It appears that free-throw shooting accuracy has not progressed as
rapidly. The National Associationdf Basketball Coachesdf United States
(NABC) Research Committee statistics shows that the mean free-throw
shooting percentages in men's college basketball in the United States
remained between 68% and 69% for the past 20 yearsand that 2 to 25%
o ateam's scoringcamefrom the free-throw line(Haysand Krause, 1987).



Reynoldsand Whiddon (1983) indicate that free-throwsaccount for 20%
o thetotal pointsscored in a basketball game.

Andysis o the Atlantic UniversitiesBasketball Conference (in North
Eastern Canada) free-throw shooting statistics from the 1985-86 season
involving six teams during actual games, indicated that the shooting per-
centage of teams had a mean o 69%, while the top free-throw shooter
averaged 96.7% under game conditions. The 1983 Dahousie University
Men's Varsity Basketball team's free-throw stati sticsshowed that they lost
11 gamesthat season by an average of 5.3 pointsper game (they shot 67%
from the free-throw line for the season). Hays and Krause (1987) bdlieve
that four to Sx gamesper year are decided a the free-throw line, as sug-
gested by an Oklahoma Christian College season in which 14 gameswere
decided by five pointsor less.

Muchdf theinformationthat coaches have been disseminatinghasbeen
based on subjective opinion, indicating that perhaps too many different
techniques or insignificant components of how to shoot free-throws are
being taught. A large continuum from the poorly skilled to the highly
skilled free-throw shooter a all levelsof basketball competition continues
to exist, exemplifyingthe need for further investigationin this area.

If, from a kinematic perspective, the critical skill components could be
identified, reduced and sequenced in alogical progression, improvement
in performance could result. Thisstudy utilized cinematographic analysis
from three different views (overhead, frontal and sagittal) and multiple
linear regression prediction equations to identify the critical skill com-
ponents (factors) that would account for the variancein accuracy amongst
subjects o varying ill levels.

METHODS
Selection of Subjects

Sixty-sevenright-handed subjectswere pretested to determine their shoot-
ing accuracy with 25’s whosefree-throw percentagescores rangingfrom
30% to 100% accuracy being selected. The pretesting protocol consisted
of each subject shooting100free-throwsin setsd ten, with their shooting
percentages then calculated from the hundred trials. The selection
criterion ensured that half of the sample (minimum of 12 §’s) was above
the mean (69%) and half below the mean. The selectionsconsisted of the
followingsample: Five malestudents fromThe Introduction to Basketball
Laboratory at Dalhousie University,fiveS’s fromKing's Collegemen'svar-

gity basketball team, one member of the 1980 Canadian Olympic Basket-
“hatl team residingin Halifax and one former NBAdraft choice.

- Cinematographical Proceduresand Spatial Arrangements

Thefilming sessionoccurred onthe practicebasketball court of theDal-
housie University Field House. The §’s were filmed from three perspec-
tives: Overhead, frontal and sagittal views using thefree-throw lineasthe
fucal point of reference (Figurel). The lateral view was recorded with a
locam 16 mm high speed camera at a rate of one hundred frames per
second, (model 51.DC) equipped with a 10 nm lens. The camera was
mounted on a tripod set at 1.25 meters from the floor and positioned at
9.14 meters, to the right of the subject perpendicular to thefreethrowline.
Because only right-handed subjects were used, the shooting arm could
readily be seen. The overhead view filmed with a Bolex 16 mm camera
operatinga 50 frames per second and was positioned approximately over
thesubject's head 4.1 meters abovethefloor. Thiswasto obtain theneces-
sary angles of the upper torso movements, feet placement and ball
dynamics,

The front view was filmed with a Bolex 16 mm camera mounted on a
tripod set a 1.25 meters from the floor and positioned 5.75 meters from
the free throw line, under the backboard, operating at 50 frames per
second. Kodak VNX 7250 high speed coloured reversal, double perfora-
tion, 400 ASA film was used.

Two banks of lightswere set at right anglesto the sagittal plane of the
subject (4.5 meters) and illuminated three to five meters around the sub-
ject. Light banksd 20,000 wattswere necessary with the 400 ASA filmfor
shooting a 100 framesper second with a1/300 o asecond exposuretime.
The cameras were balanced by meansd water level. Two cue cardswere
stationed & 1.22 metersto theleft of the subjectson an anglein view of all
three cameras. They were used to record the subject's trial information on
film. The subjectswere allowed to warm up on their own by shooting prac-
ticefree-throws before they were actually filmed shirtless. The basketball
used was a Molten Officia JB-77 model, numbered one through eight
across the panels of the ball, to facilitate the counting of the spin of the
ball. The panel swere taped with vertical and horizontal pointsto indicate
the mid-point o the ball which was held in a manner to show the panels.
Therewasastraight line taped on thefloor from the top o the key areato
the baseline down the center o the key area directly to the mid-point of
therim 7.01 meters. Somed the tapewas not in view of all three cameras;
consequently, aplumblinewaslined up from theend of the tape at thetop
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of the key tomid-point on thestand, fromwhichthereference o thesagit-
tal and frontal perspectives. A wooden panel was placed behind the sub-
ject and linesupwith the plumblinewhileasimilar panel tothesidefacing
the sideview camera waslined up with thefreethrow line. They were also
used toinsure vertical and horizontal references.

The areawhere the subjects stood on the free-throw line was optional
within a prescribed area (Figure 1). The subjects were alowed to
familiarize themselves with the testing enviornment for thirty seconds
before shooting.
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Figure 1: Spatial arrangement for film data collection

1. Area subjects can stand in to shoot

2. Stand with overhead Bolex camera 4.1m (13.5ft)

3. Spatial arrangementsof lights4.57m (15 ft.) to subject

4. Side view Locam 9.15m (30ft) Height 1.25m (4.1ft)

5. Cue cards1.22m (4ft)

6. Front view Bolex 5.75 (18.9ft) Height 1.25m

7. Tape down center of key to underneath backboard 7.01m 23
8. Bolex (both set at 50 fps) and the Locam (set at 100 fps)

9. Two panels designating vertical and horizontal references

Twoimportant criteria during filmingwere that all subjectswere asked
for a subjective appraisal to determine if the shot was representative of
their normal style. If thesubject reported otherwise, athird shot wasfilmed
with the bad shot being omitted. Secondly, for thefilm to have been asuc-
cessful take, the subjects must have been caught on the lateral and frontal
cameras starting from the point o deepest kneeflexion and the overhead

. ¥igw filming commenced after thesubject had familiarizedthemsalveswith
. the shooting area. After the position of the feet were filmed averbal cue

i was given by the overbead cameraman, upon which all three cameramen
bimed simultancously until a few frames after the release of the ball, Since

the basket was not in view of any of the cameras, success or failure of the

- shots pttempted were recorded manuoally for cach subject,

DATA ANALYSIS

Dimitizing procedures consisted of one of the two shots

1. Areasubjects can stand in to shoot

2. Stand with overhead Bolex camera4.1M. (135 ft.)

Spatial arrangements of lights4.57 m. (15ft.) to subject
Cuecards1.22 m.(4 ft.)

Cuecards1.22 m.(4 ft))

Front view Bolex5.75 m.(18.9 ft.)

Tape down center of key to underneath backboard 7.01 m.(230ft.)
Bolex (both set a 50 fps) and the Locam (set & 100 fps)
Two panels designating vertical and horizontal references

filmed randomly selected and manually digitized usingthe methodsout-
linedinthe manual for CinemaComputer Analysis(Alexander et d. 1974),
fromwhich the following information was derived:

1. Angular positionsof the primary jointsand limbsassociatedwith shoot-
ing abasketball corresponding to the"ready" and "release” positions.

2 Angular displacementsd the ball.

3. Timefactorsdetermined by frame counting.
Statistical Analysis

Thedesired objectivewastoisolate thefour toseven predictor variables
which correlated highly with the criterion variable (free-throw shooting
percentage accuracy of the subject) without necessarily being significant-
ly correlated with each other.

The stepwise multiple regression took the best variable and built the
equation adding a new variableto each step until it formed the best pos-
sible equation which predicted the criterion variable from the group o
predictor variables.
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The Cyber computer program randomly selected the two test groups
(tstgrp 1.00 = 60% for devel opingthe equation and tstgrp 2.00 = 40% for
cross validation) and utilized the Statistical Packagefor Social Sciences-
X (SPSS-X, 1986) program for analyses.

The cross validation process was performed once the regression was
completed. This is a technique which alowed the researchers to make a
scientific assessment as to whether the predication worked with a second
test group, the 40% sample in this study (Huck et al. 1974). The predic-
tion equation was used on the remaining 40% to predict a criterion score
(percentage of accuracy) for each subject.

The correlation coefficient for the criterion variable versus predicted
variablesfor all 25 subjectswasR = .781 which wassignificantat P< .001
level. The crossvalidation of group 2 (40%) resulted in a correlation coef-
ficient of R = .683 which wassignificantat P =.05 level.

Theresultsindicated that the prediction equati on was sufficient to sug-
gest the use on a similar sample, thus accepting the hypothesis that
kinematic factors (predictor variables) can account for the variancein ac-
curacy among playersof wideranging abilitiesin the basketball free-throw.

RESULTS

The results of the final multiple regression analysismodel and the cross
validation indicated that the variables derived were the ones most sig-
nificantly contributing to the prediction o accuracy of free-throw shoot-
ing. Three variables formed a significant regression equation which ac-
counted for 84% of the variance of scores from the subjects with a .781
correlation coefficient on all 25 subjectsand an R of .918 for group 1, Sig-
nificantat theP =:.001 level and an R of .683 whencrossvalidated on group
2,

1. Variable 12, angledf thetrunk from the horizontal (Iateral view) a the
ready position, accounted for 48% of the variability in the equation.

2. Variable 2, angle formed by the long axis of the feet relative to each
other from the overhead view accounted for 24% o the variability in
the equation.

3. Variable8, angle d theright foot segment (el evationfrom thefloor) at
release from the horizontal (lateral view) accounted for 12% of the
variability in the equation.

The three variables mentioned formed a significant equation account-

ing for B4% of the variance in prediction of accuracy of free-throw shoot -
img {Tuble 1},

TABLE

Regression Analysis Summary Table

Step Multr Rsq Adjrsq Fimiuj Sl Fageh Fch  Slgeh Variable Baiain  Cormel
1 8041 .4818 .4386 11.20 .008 .4818 1120 .006 IN: Vil {trunk 6541 .6941

s wmarii
W

¥ Bdli T2 Endi jd. 40 00 FATE BB 009 M VIR [lang BT SRdD
anis d* feet)

3 9182 .BaX) 7959 17.80 000 .1238 7.90 .019 IN: V8 (right feei .36844 5504

at release)

Estimated Score for Subject #1:

¥ = -191.55 + .%E (right foot elevation from the floor at release = 26) - 1.03 (long
axis of the feet = 9) + 2.76 (vertical trunk lean at the ready position = 88) = 67.74
prediction of accuracy for subject #1.

DISCUSSION

The final regression analysis and cross validation process indicate that
threefactors can account for asignificant (84%) amount of variancein the
prediction of accuracy with regard to the free-throw shot. The highly suc-
cessful shootersdemonstrated that at the ready position of the free-throw
shot, there was a range of three to ten degrees of backwards trunk lean,
whichwas either maintained or moved dightlyforward during the shot. In
essencethe trunk (position) assistsin the propulsion of the shot, by per-
mitting leg drive to occur without the center of gravity moving forward
beyond the free-throw line.

The angular measurements o the long axis of the feet relativeto each
other, o the highly accurate free-throw shootersstraddling the taped cen-
ter line ranged from 14 to 18 degrees. The use of the prediction equation
indicatesthat thereisacertain rangewhichisconduciveto highly accurate
shooting performance; because proper feet alignment negates under and
over rotation o the shoulder girdle.

There was some degree of foot elevationfrom thefloor in the majority
d subjects however the lower percentage shootersshowed lessfoot eleva
tion from the floor, than the moderate or high percentage shooters. The
high percentage shooters exhibited foot elevation from the floor ranging
from 19 o 41 degrees,
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These abovefactors along with the proper sequential kinematicsdo the
free-throw shot yielded sufficient resultsto suggest a profiled highly suc-
cessful free-throw shooter.

CONCLUSION
Visible Kinematic Factorsthat Influence the Prediction d Accuracy d
Free-throw Shooting from a Coaching Perspective

The followingfactorswere statistically associated with the high predic-
tion o freethrow shooting accuracy as demonstrated by the test
sample(profile of 85% plusaccuracy free-throw shooter):

1. The high percentage shooter demonstrated angular alignment of the

longaxisdf the feet ranging between 14 to 18 degrees (straddling cen-
ter linete the basket).

2. The high percentage shootersdemonstrated (93 to 100 degrees) back-
ward vertical trunk lean at the ready position which they either main-
tained or moved dightly forward during the release of the ball.

3. The high percentage shooters demonstrated increased right foot seg- .

ment elevation (19 to 41 degrees range) a the rel ease position
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