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Intersegmental coordination in complex, forceful movementshasbean discussed
in the biomechanicsteaching literaturefor many years. Until recently the presumption
hasbeen thet theoptima pattern of coordination wassequentialy timed (Morehouse &
Cooper, 1950; Bunn, 1972). That is, the sequencing of segmentswas ordered from
proximd to distd, and the timing of segments was arranged such that exactly one
segment contributed pogtively to the movemeant at agiven time. Deviaions from
optima timing weredescribed by Morehouse and Coaper in continuoustermsranging
from™"early" (i.e., overlgpsin segmentd contribution) to™late” (i.e., ggpsin ssgmental
contribution).  Similarly. Bunn (1972) advised againg "'smultaneous” or "jerky"
movements

In 1981 Kreighbaum and Barthels suggested a different timing continuum with
polar positions of simultaneous (i.e., all segments contribute concurrently) and sequentia
(i.e., each segment contributesseridly). Also, they postulated thet the position on the
continuum for aparti cular performer and (ask would berdlatedtocontextud factors. For
example, if the performer werea beginner or the task involved rectilinear movement,
limited incorporation of segments, lever-like movement, or accuracy, the expected
mode of timing would be smultaneous. If the performer were advanced and the task
involved curvilinear movement, maxima incorporation of segments, whed-axle
movement, or velocity, the expected mode of timing would be sequentid. Given the
complexity of sportsskillsin termsaof these contextual factors, it isnot surprising thet
therearefew empirical studiesdf context and coordingtion. Therefore, the purposeof
thissudy wes to explore the intersegmental coordination of beginning and advanced
performersin a two-segment, lever-like task with velocity and accuracy demands.

METHODOLOGY

The(askfor thisstudy wasthebadmintondegpserve. Thisunderhand movement
requiressufficient accuracy to place theshuttlecockin therear sectionof theopponent's
court and sufficientveocity to enablethe shuttlecock to travel high aswedl asfar. In
addition, the propulsive phase o thisddll isrdatively planar. Given the similarities
betweenstriking a shuttlecockand a gotf bal |, Milburn’s (1982) two-segment moded was
employedin thisinvedtigation. Thismodd congstsaf theam rotating a the shoulder
and theracquet rotating at thewrist
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The subjectsfor this study were five right-handed adults with different back-
grounds in badminton. One subject was an advanced player with college varsity
experience. andfour subjectswerebeginningpl ayerswith s x weeks of i nstruction. Eech
subject performed ten deep serves which were videotgped fram theright side usinga
Panasonic videocameraengaginga 1 / 1 0second high-goeed shutter. Basad on height
and depth with respect to vertical and horizontal markersin the opponent's court
(Verducci, 1980). the best trial for eech aubject wassd ectedforanayss. Reflectivetape
ont he shoulder. ebow, wrigt, hip, and racket was digitized with a PEAK Performance
2D Mation M essurement Sysem. After therawv data weresmoothed at 6 Hz usingalow-
pass, fourth order. zero lag Butterworth digitd filter, shoulder and wrigt angular
vel ocitieswerecomputedtodetermine thepatternof coordination. Thepropulsvephase
for each segment was defined as beginning when the joint velocity crossed the zero
velocity line (or whenaradica upward dopein theved ocity occurred) and ending when
the joint velocity reached maximum, Sequencing was denoted by theorder in which
segmentsinitiated and terminated propulsion. Timing wasassessed by shared positive
contribution (Hudson. 1986). That is, the timethat both ssgmentswere in propulsion
was divided by the time that either ssgment wasin propulsion.

RESULTS AND DISCUSSION

All subjects were able to hit at least one high serveto therear of t he opponent's
badminton court. As expected, the primary contributionsto propulsion appeared to
comefromshoul der and wrigt flexion. Thehead of theracket moved ina curvilinear path
and achievedalinear vel ocity at contact of about 24 m/s. in generd, theservewasplanar
and lever-like, but the advanced player mey haveattained some racket velocity from
whed -axlemovementsbecause the goparent length of theracket wasdightly shortened
during the0.03 s interva surroundingcontact Thegraphsin Figure 1 contain thethe
angular velocitiesvs time for the shoulder and wrist of each subject.

Theadvanced player (A) initiatedt he forward swing with shoulder flexion while
t he wrigt washdd rel atively motionlessin about 70° d hyperextension. Thepropulsive
phesedf thewrigt began astheshoul der reeched pesk angular velocity and ended asthe
wrist reeched pesk angular velocity a contact.  Thus, there was proximal-to-distal
sequencing in both the initiation and termination of segmenta contribution.  As for
timing. A hed ashared positivecontribution (SPC) o 0% .That is therewas neither an
overlgpnor agap betweenthecontributions at theshoulderand wrist pints. Insum, the
advanced player exhibited an “optimal™ sequentid patern of intersegmental coordination.

Twoof thebeginningplayers(B 1 and B2) hed initid similaritiesto theadvanced
player: They began theforward swing with shoulder flexion while the wrig was hdd
rdaively motionlessinabout60-80° of hyperextenson. Thesebeginnersdivergedfrom
the advanced player when they initiated propulson at the wrist prior to terminating
propulsionat theshoulder. Also. B2 differed from B1 by co-terminating propulsonat



contact

v

== shidr
— wr's‘

angular velocity (deg/sec)

'600 L T L} 3
0.1 0.2 0.3 0.4 0.5
time (sec)

S 1200 ‘© 1200 contact
S 120 B1 contact g ] Bz
© 1000 £ 1000 Rk

=]
g 800 .g 800 \‘.
~ g0O .,." "\‘_ “‘ ~ 600 - HM
= 400 o f. L‘[:. ; 400 Y [ u
‘c o | ] - [
% 200 1 ‘I‘ “ - % 200 ,0‘“’ ‘.‘
> o-—io'-.-ﬂ-t —————————————— > 01-ﬂl-m..Q"-‘-. ------ b= -
S 20 —e— shior & -200 —e— shior

— - El — -
Eﬁ ey wrist g 4001 wrist
® Q@ Y T T % .600 T T T —
0.1 0.2 0.3 0.4 0.5 0.15 0.25 0.35 045  0.55
time (sec) time (sec)

o 1200 1 contact o 1200 9 contact
S B3 g 12071 B4
¥ 1000 £ 1000 4
& 800 LY 8 8001 A
- 600 » ., ~ 600 / o2 LN

- .
= 400& Poad = 400 1 "
2 200 ol \f" 8 20 - 'Y
> ® ‘,‘ ® 1]
> o —fm—e—— > b L
S 200 —— shidr ] 200 Pungqueny ; —e—  ghidr
Ej -400 wrist g -400 martt —  wrsl

c
© -600 — @ 600 T — -—

0.1 . 0.4 0.5 0.05 0.15 0.25 0.35 0.45
time (sec) time (sec)

Figure 1. Angular Velocity of shoulder and wrist for advanced (A) and beginning (B) players.
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the shoulder and wrist. Thus, B1 used proximal-to-distal sequencing in initiation and
termination, but B2 used proximal-to-distal sequencing in initiationand simultaneous
sequencing in termination of propulsion. In terms of bisegmental coordination, B1 and
B2 had a SPC of about 45%. Assuming that simultaneous coordination is represented
by a SPC of 100% and sequential coordination is represented by a SPC of 0%, 3 | and
B2 had intermediate coordination (i.c., about equidistant from both simultaneous and
sequential). Given that B | and B2 had greater velocity in the shoulder joint compared
to the wrist joint, these subjects could be characterized as using a shoulder-dominant
technique. It may not be coincidental that, of all subjects, B | and B2 had the greatest
upper body strength,

The other two beginning players (B3 and B4) began the forward swing with
shoulder flexion while the wrist moved from moderate hyperextension (~45°) to greater
hyperextension (~70°) with the use of a counter movement. At the completion of the
counter movement (.06 S before contact), the wrist began flexing well before the
shoulder reached peak velocity. In fact, the wrist completed propulsionand contact was
made before the shoulder reached peak velocity. Thus, B3and B4 used proximal-to-
distal sequencing in initiation and distal-to-proximal sequencing in termination (g
propulsion. These subjects, with a SPC of 15-20%, had predominantly sequential
timing. Given the high angular velocity and counter-movement strategy of the wrist, B3
and B4 could be characterized as using a wrist-dominant technique.

CONCLUSIONS

The following conclusions were drawn aboutbeginning and advanced performers
in a two-segment, lever-like task with velocityand accuracy demands: The initiation of
propulsion followed a proximal-to-distal sequence for beginning and advanced players.
However, successful outcomes were achieved by terminating propulsion with proximal-
to-distal, simultaneous, and distal-to-proximal patterns of sequencingand by employing
classically sequential, predominantly sequential, and half simultaneous-half sequential
patterns of timing. The choice of sequencingand timing patterns may be dependent on
individual talents (e.g., shoulder-girdle strength) or preferences (e.g., employment of
counter movement). Because the beginning players who weke most like the advanced
player in sequencing URR least like the advanced player in timing, the simultaneous-
sequential continuum of coordination may not )2 an appropriate classification scheme
forsowe beginners in some contexts.
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