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There is general agreement that highly skilled throwersand strikersemploy a
sequentia pattem of intersegmentd coordination(Bunn. 1972; Kreighbaum & Barthels,
1990; Morehouse & Cooper.1950). Thatis, “movements proceed from baseto free end.
from proxima to distal™ (Kreighbaum & Barthels. 1990) and each [distal] segment
comes forward as the movement of its proxima segment reachesits greatest angular
velocity" (Kreighbaum & Barthels, 1990). Thereislittle agreement, however, concern-
ing thecoordination of lessskilled throwersand strikers. According to Kreighbaumand
Barthels, novice or immature performers typicdly display smultaneous or nearly
smultaneouspatternsof coordination(i.e., proximal and distal ssgmentscontributeto
the movement at about thesametime). In addition to the™ optima"* sequentia pattern
of coordination. Morehouse and Cooper described two sub-optimal sequential patterns:
the "early” pattern (i.e., distal segments initiate forward movement before proximal
segmentsreach peak angular velocity) andthe “late™ pauern(i.e., distal segmentsinitiate
forward movement after proximal segments reach pesk angular velocity). Further,
M orehouseand Cooper stated that " hurrying the action is more detrimental to perfor-
mance" and "' beginnersusudly havethefault of omittingsome[segments]”. Finaly,
Bunn (1972) hypothesized that "'jerky movement instead of smooth rhythmic action™
wasassociated with diminished effectivenessin throwing. Interestingly. noneof these
biomechanists addressed thecontextual differencesbetween throwingwhichisaclosed
skill (e.g., releasinga light object for high velocity) and striking which isan open skill
(e.g.,interceptingand propellingalightobjectfor high vel ocity). Given thatinterception
isacrucia component of many sports. the purpose o this sudy was to address the
following questions. What pattern of coordination do smooth, sequentia throwers
exhibitinan unfamiliarinterceptiontask? How doesthis patern of coordinationchangc
with practice?

VETHODOLOGY

Theinterceptiontask for thisstudy wasthebadmintonsmash. 1n contextual terms,
this task is open (i.e., the performer does not control the direction or goeed of the
oncoming shuttle), the racket islight, the velocity demandsare high. and the accuracy
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demands can be low. According to Gowitzke (1979), skilled smashers derive about 40%
of shuttle velocity from long-axis rotation of the arm. In contrast, Kreighbaum and
Barthels (1990) depict a beginning smasher with apparent shoulder flexion, little elbow
extension, snd excessive wrist flexion. '

Four young adults who were experienced in throwing and other sports (e.g.,
swimming, track, racquetball, volleyball) served as subjects. They were unfamiliar with
badminton prior to participating in a beginning badminton class. The first unit of the
class lasted six weeks and emphasized the vigorous skills of underhand clear/serve,
overhead clear, and smash.

Each subject was tested on the smash before (Week 0) and after (Week 6) (|
instructional unit. In each test session, the subjects performed ten smashes that were set
up by the instructor. Because the assumption was made that the two primary components
of the beginning smash would b2 shoulder and wrist flexion, a two-dimensional protocol
was followed. Segmentalend points were marked with reflective tape positioned at the
hip, shoulder, elbow, and wrist joints, and(| e racket throat. The data were collected from
the right side using a Panasonic video camera with a 1/1000 second high speed shutter
engaged.

The two best (i.e., most effective) trials from each testing session were chosen for
analysis. Effectiveness of each smash was determined by theresultantangle and velocity
of the shuttiecockond the placement of the smash in or out of bounds. Angular velocity
of the shoulder and wrist were calculated using a PEAK Performance 2D Motion
Measurement System. The propulsive phase for each joint was defined as the time that
angular velocity was positive and increasing. The pattern of coordination was determined
from the relationship between (|2 propulsive phases of (| e shoulder and wrist. Also, for
certain Ads, movements of (| elbow and trunk were analyzed.

RESULTS AND DISCUSSION

As there was little kinematic difference between the two best trials for a given
subject ina given test session, onlyore trial per subject per session is presented in Figure
1. Before practice, Subject 1 employed asagittal plane striking technique with the elbow
leading ond the wrist/racket lagging. Although wrist velocity was greater than elbow
velocity, both wrist and elbow joints were simultaneously involved during propulsion
and peaked near contact. Basedon its minimal angular velocity, (| e contribution of the
shoulder appeared to e slight. After six weeks of practice, Subject 1 continued to LS2
predominantly sagittal movements, but there was some apparent transverse adduction
at(]je shoulder. In addition, the elbow lead was less obvious,snd the shoulder velocity
increased by a factor of M0, The timing of the shoulder and wrist was “optimal”, but
the wrist was flexing faster before and after contact than at contact.

Subject 2 also demonstrated a sagittal smashing technique in Week 0. Overall, the
range of motion was small and (e greatest angular velocity wasat(|je elbow joint. Also,
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Figure 1. Angular velocity of shoulder and wrist before (Wk 0) and after (Wk 6) practice.

Contact occurs at 0.3 sec.



there was slight shoul der extensionrather than flexion during propulsion. Becausethe
wrist vel ocity increased, then decreased, then increasedagain beforecontact, there was
the gppearanced "jerky movement". Subject 2 demonstrated profound changeswith
practice: Instead of **omitting" the shoul der, therewas vigorous transverseadduction.
Changesat thewristincluded: initiationof rotetion astheshoul der reachedpeak angular
velocity, attainmentof much higher angular vel ocity,and diminationdf t he appearance
o jerkiness.

Prior to practice Subject 3 employed a gtriking technique that emphasized
shoulder flexion but 0 incdluded some long-axisrotation in thearmsegments. The
shoulder and wrist contributed to propulsion with optima sequencing and timing.
However, the wrist vel ocity stayed near maximum for asustained period, and thet runk
wastransiating throughout theswing. Thesewristandt r unk actionsservedt oflattenthe
arcof the swing and gppeared to beassociated with interception. In Wesk 6 there was
littlemodification of shoulder techniqueor timing. After practice, apreliminary back
scratch motion was added, the wrist velocity was higher and more coincident with
contect, the shoulder velocity was lower. and the trunk wes stabilized during the arm
movements.

Subject 4 in Week 0 exhibited similaritiesto theactionsof Subject 3in Week 6.
For example, a back scratch movement proceeded the propulsive phase of shoulder
flexion, and there was some long-axis rotation in the am segments. Didtinctive
characteristicsof Subject 4induded agapdf 0.07 shetween peak angular velocity of the
shoulder and minimum angular velocity of the wrist.and no *contact””. Thatis. prior to
practice. Subject 4 was unableto successfully intercept theshuttle. With six weeksof
practice, Subject 4 medesubtlechangesin timing by reducing the gap between shoulder
and wrist propulsion to 0.03 s. The only significant change with practice was that
interception was cond stently successful.

In conclusion, dmogt al the hypothesized characteristics o beginners were
observedin Wesk 0: Subject 1 ussd as multaneouspattern o coordinationin thedbow
and wrigt (Kreighbaum & Barthels, 1990); Subject4 used a"'lae" sequentid pattern of
coordinationin the shoulder and wrist (Morehouse & Cooper, 1950); Subjects1 and 2
virtually omitted theshoulder joint (Morehouse& Cooper); and Subject 2 used a*‘jerky
movement” in the wrist (Bunn, 1972). After Sx weeks of practice al subjects hed
optima or near-optimal sequentid patternsd coordinationint he shoulder and wrist.

Subjects 1, 2, and 3 gppeared to adopt conservativepattemsd striking in Wesk
0. That is, athough they were successful in interceptingt he shuttle, they reverted to
sagittal planemovement. propeled segmentssmultaneoudy. reduced rangedt mation.
omitted segments, and/or flattenedthe arc df segments. Subject4nether exhibited these
conservativecharacteristicsnor contacted theshuttle. Perhgpsinterceptionaddsaleve
of complexity to ballistictasks such that initial successin meking contact comesat the
expensed moremamre or coordinated movement.
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