CANADIAN THESES ON MICROFICHE

V4

.8.B.N."
» '
FESES CANADIENNES SUR MICROFICHE
/ ~ )
l * National Library of Canada Bibliothéque pationale du Canada
Collections Development Branch Dlrectuon du dlveloppement des collections 4

Canadian Theses on

Microfiche Service sur microtiche

N [
Ottawa, Canada -

K1A ON4

NOTICE

The quallty of this microfiche is heavily dependent
upon the quality. of the original thesis submltted for
microfilming. Every effort has been made to ensure
the highest quality of reproduction possible.

If pages are missing, contact the umverS|ty which
granted the degree.

Sofne péges may have indistinct print especially
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

4

Previously copyrighted materials (journal articles,
published tests, etc.) are not filmed.

Reproduction jn full or in part of this film is gov-
erned- by the Canadiang,Copyright Act, R.S.C." 1970,
c. C-30. Please read- tFre authorization forms ‘which
accompany this thesis.

e

.. THIS:DISSERTATION
- HAS BEEN MICROFILMED = -
EXACTLY AS RECEIVED

NL-339 (r. 82/08)

Servnce des théses canadiennes

v

AVIS

La. qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous

“avons .tout fait pour assurér une qualité supérieure

de reproduction.

"~ S'il manque des pages, veuillez
avec |'université qui a conféré le grade.

communiquer

La qualité d'impression de certaines pages peut
laisser a désirer, surgout si les pages ongmales ont été
dacty!ographnees a l'aide d'un ruban usé ou si 'unijver-
sité nous a fait parvenir une photocopie de mauvaisé

qualité.

Les documents qui font deja Iobjet d’'un droit

~ d’auteur (articles de revue, examens publiés, etc.} ne

sont pas microfilmés. : "

La reproduction, méme partielle, de ce microfilm
est soumise 3 la Loi canadienne sur le droit d'auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d’autorisation qui accompagnent cette thése. .

¢ \\: b ~

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE °

Canads



’ | O-Y15-05770-
l* National Library Blbhotheque nahc}qale - .
of Canada du Canada ‘
’Canadian Thel‘ses Division ; .Division des th‘esés canadiennes ) : Q.

Ottawa, Canada
K1A ON4

53890

PERMISSION TO'UICBOFILM — AUTOHISATIQ“ DE MICROFILMER -

.41‘ e .

-

. N )
e Please print or type — Ecrire en’ Iettres moulées ou dactylographier

' FuII Name of Author — Nom conplet de 'auteur

DAYNG be7H D/)N/’LS

Date of Birth — Date de naissance o

Fegponer 23155 |

Country of Birth — Lieu de naissance

L TED  STATES

Permanent Address — Resndence fixe

Arr 12 /4,4,7//4 Y&y,

/w’///iﬁ/@fg ) Azﬁa%mr T

Ny

KN . .

Title of Thesis — Titre de la these

A g/amziumwuap /)AJAL\/g/; oF THE
HARNSTARO S7»"rLﬂéX_ ch% o TRE

B

HAROSTANO T2
UNE /p@\) ?,4 L/QLz/EL_,

Uq\versny — Université
. UNIVELS )TN OF /41/68@774

~N

Degree for WhICh thesis was presented — Grade pour lequel cette thése fut presentee

\DocTvl OF ?/J;,_osa;m\/

Year this degree conferred — Année d’obterition’ de ce grade

1981

Name . of Supervisor — Nom du directeur de these

TErAvgS | Joers

Permission is hereby granted to the NATIONAL LIBRARY OF
CANADA ‘to microfilm- th|s thesis and to Iend or seII copies _of
the fllm

The author reserves other publlcatlon rights, ard neither the ‘

' thesis nor extensive- extracts -from it 'may be printed or other-
- . wise reproduced without the author's written permission.

+

“

L'autorisation’ est, par la présente, accordée a la BIBLIOTHE
QUE NATIONALE DU CANADA de microfilmer cette thése et d
“préter ou de vendre des exemplaires du film.

L'auteur se réserve les-autres droits de publication; ni la thés
ni de longs extraits de celle-ci ne doivent étre imprimés o
autrement reproduits sans |"autorisation écrite de I'auteur.

Date °

7

Slgnature

&@Mﬂw -

. NL-91 (4/77)



THE UNIVERSITY OF ALBERTA

A BIOMECHANICAL ANALYSIS OF THE ’ (”
HANDSTAND TO HANDSTAND STALDER CIRCLE
ON 'THE UNEJEN PARALLEL BARS ' i

by -
-

/ . .
C DAYNA BETH DANIELS . ,

I

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDY AND RESEARCH
IN PARTIAL FULFILLMENT’OF THE REQUIREMENTS FOR THE DEGREE
® - OF DOCTOR OF PHILOSOPHY
o IN

-

-

/

i
DEPARTMENT OF PHYSICAL EDUCATION

EDMONTON, ALBERTA . _
. FALL, 1981 . ?



£

TITLE OF THESIS J.A Blomechanichl Analysis of fhe Handstand to .

THE UNIVERSITY OF ALBERTA

RELEASE FORM ‘ |

NAME OF“AUTHOR ) .Q%YP?.IE‘%CP.?%%19.1§...........'?......;.......

der CircTe on the Uneven Parallel
S

» e € % 9 0 % 0.0 0 40 0 8 P 0 E IO a0 T R 0 et e s esEee e

DEGREE FOR WHICH THESIS WAS PRESENTED . Pl i,

YEAR THIS DEGREE GRANTED ..1981 .. i it ennnnnnnnaans

Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of this
thesis and to lend or sell such co?ies for private,

scholarly or scientific research purposes only.

The author reserves other publication rights, and

-

nelther the thesis nor exten51ve extracts from it may.

be prlnted or otherwise reproduced w1thout the author's

written permission.

. | . (Slgned)%é%;”1 léij7/JA£2;£44..;

N PERMANENT ADDRESS: ; -
/390.. W

, - / y L
B

! : ~® 8'0 0 6 o0 0% o0 0 00

® 5 o 0000

DATED .ﬁ.f./‘?/f/./%../.é’.......l9u/



THE UNIVERSITY OF ALBERTA

N

)

FACULTY OF GRADUATE STUDIES AND RESEARCH ‘\

The undersigned certify that they have read, and
recommend to the Faculty of Graduate Studies and Research

for acceptance, a- the51s entltled -\ &uwwchwuc&LAn@bwis....
of the Handstand to Handstand Stalder Circle on the Uneven Parallel

AR AL A e A A I O I I I N N N N A N A A R R E R E N EEEYEES

Bars i ,
....‘..‘-."‘<.........'.......'...‘...................
EN

MR I A L A B BRI LR I R R B I B U BN T Y R I I S U S YR S S S NP SO S Y

submitted by Dayna Beth Daniels

8 56 0 08 2 30000 600000 200G L IEL GO0 LGNS S Ee S L

in‘pértial/fulfillment of the requirements for the degree of
Doctoruof/Philosbphy

xSuperv1sor




DEDICATION

This dissertation is dedicated to
) Harriett M. Carnes

-



ABSTRACT

\
v
3

The purpose  of the study was to carry out a
biomechanical analyéis of the handstand to handstand Stalder

. 1
circle on the uneven parallel bars using cinematograph?&
(

Statistical analysis of the data was then undertaken to e

L]

nt differences in performance
Y

determine if ény ~signifie

existed between sucqgsifu lders. , ) ~

* ;
2 ¥ e .
- . ’ar({‘hf '

: Toe o R

Fourteen Clalaa"‘}-’wq(_te level female.gymnasts from
Canada and the United States were the subjects in the study.
Subjects were filmed, with one camera in the mid-sagittal
plane, performing two Stalders. Fdllowing collection of-the
data, a panel of nine gymnasts judges ranked the Stalders
from best to poorest as the trials compared to one another.
An overall ranking was determined and four groups of ‘seven
trials ench were formed by -equally dividing the ranking.‘
Group I trials were considered to be excellent Stélder
pe:ﬁorménces. Group IV trials wére considered to be poor
lperformanéés as . compared to the Gtoup I trials. The
'following are tne'_major findings of the study: =~ (1)
beginning the Sfalder in a handstand position puts the
éymnast in a poéition to potentially produce.maximum’amounts
of angular homentum and kinetic energy in the down swing | to
aid in performance of the up swing,: (2) delaying the

straddle-in and pénforming the action slowly contributes to-

%



the maximizatipn of the moment of inertia which effects the

values of angular momentum and‘kiqftic energy, (3) minimum

shoulder extension fhroughbut the Stalder was the single
mosé‘jmportant performance factor to success in the skill
’ f .

(4) indirect , force measusements calculated from

cinematographic data revealed that gymnasts had to withstand

~

forces of 1.99 to 3.30 times their bédy weight at the bottom
- L[]

of the swing in good Stalder performances,, (5) timing the

stfaddle—out action with the recoil of the rail in the up

swing aids in performance of the Stalder.

A variety of performance styles can be utilized to
B

execute successful Stalders. * ?éiwudy showed thax an

initial handstend . position, minimal shoulder flek§;_ it

o

produce a baody position in which the hips are always farther
from the rall than the shoulaers, and a straddle-out action
of gradual hip extension, completed following full shoulder
flexion contribute to production of large amounts of angular
momentum and kinetic energy necessafy fqr good amplitude<and
swif§y in the performance of the Stalder. This performance
style may also be the most effective technique to use for

minimizing deductions in a competitive situation.

vi
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CHAPTER I )
THE PROBLEM
Introduction

"Then seemingly for those two elements of the
soul, the spiritual and the philosophic, God I
should say, has given men the two arts, music and.
gymnastics. Only 1nc1dently do they serve sout and
body. 2 The purpose 1is to tune these two elements
into harmony "with one another by slackening or
tightening, till the proper pitch be reached...
Then we shall rightly name as the perfect master of
music and understander of harmony not him who can
attune the strings, but him who can most falrly mix
music and gymnastics and apply them in the most
perfect measure to the soul (Plato, The Republic.
Book III)."

"The renaissance of gymnastlcs - will soon
dlsappear if doctors and gymnasts do not seek to
come nearer to it scientifically (P.H. Ling
1774-1839)." - -

Biomechangcs) the study of forces and their effects on
the human body, is one ‘of the oldest sciences known to man.
Since the _.time of AriStotle; men have observed and
hypothesized about man's movements. Archimedes, daVinci,
Borelli,vand Newton formulated ideas about man and- his
relationship to the physical sciences. The ideas they set
forth have withstood the test of time and set a strong

foundation for today's studies in biomechanics (Cooper and’

Glassow, 1976).

The application of biomechanical techniques to the
study of sport has had tremendous effect on both the sport

world and the-:apid growth and exposufe of the science. The



P

growth of all sport sciences has given the coach and athlete
a deeper understanding of the scientific.basis of their -
sport. Consequently, the‘coéqh's'démand for more accurate
‘information has prompted a surge ‘of sport research.
Biomechanics has come of age and matured into a highly
sophisticated, and ~widelx accepted applied science with a

recognizable body of knowledge and research tools.

i
2

The application of biomechanical techniques to the
analysis of sport skills can_aid the coach and athlete by.
reducing the time i* takes to‘tho;oughly understand all the
kinematic and kinetic factors associated with a pagti?ular
skill or determine the feasibility of a new performance
technfﬁue. This knowledge can aid - the ¢6ach. in the

development of training regimens and progressions for skill

development for athletes of all levels,

Many elemeﬁts in the sport of gymnastics are plaﬁar and
lend thémselveé easily to biomecﬂénical analysis. Due to
the nature of the sport and its apparatus demands, failure
to utilize sound mechaﬁics in the pérfofmance of skills
usually results in incompleted movemenfs or unaesthetic
exécﬁtion. Much of the gymnaétics literatqre published in
the decade of the 1970's includes explanatiohs of the
mechanical prindiples 'ig§01ved‘in‘the movements. Although
qdalitatiQe studies.comprised the majority of gymnastics

'3

literature, a number of quantitativg ‘analyses were also

¢

found.  Unfortunately, the biomechanical ahalyses of these



gymnastics elements came after their execution in
competitive situations; usually at the worlq level and,
therefore, éfter at least a basic understanding of the
forces and principles involved had been figured out by the

coaches.

One shortcoming in the biomechanics research conducted
in the gymnastics area‘ is that while good descriptive,
kinematic studies have been conducted, 1little or no
statistical investigation of the data has been undertaken.
While it is 'necessary for coaches to have a thorou;;,

knowledge of the skill pattern, without the knowledge of thé‘

factors that significantly contribute  to successful
executién, the coaich is still faced with having to uée
intuition énd frial/error methods to develop progressions of
skill learning and training procedures  through which the

athletes can benefit.

The Stalder family of movements on the uneven parallel
bars ié becoming a very important element in thg composition
of routines at the international level.‘.The 1976-80 World
.Compulsofy unévenvparallel barsiroutine cqntaiﬁed a Stalder
element.{'"The éurpose of a compulsory routine in artistic
gymnastics, as ‘with sch9ol figures in competiﬁivé ice
skating, is to set a standard by thch all gymnasts can be
judged 'equally. The required elemenfé in a compulsory

routine reflect the ideas of the F.I.G. [International

Federation of Gymnastics] as to which elements represent
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basic skills which are to be mastered by all competitive

gymnasts at the world level (Prendergast, 1980)." 1Inclusion

of a Stalder element in the World Class compulsory makes a

strong statement that the Stalder is basic to high level
cbmpetition. Most often skills included 1in compulsory
routines become popular elements in optional routines. "It
is almost expeééedvthat thgseuelements.or variations of them
be included in the optional routines until the level of
difficulty in general | surpasséé Vthosg movements

(Prendergést, 1980)."

Indlhsion of a Stalder element in an optional routine
accounts for supérior ("C") level diffiéglty{ fulfills
cohpositional ;equirements for circles about the bar, can
add originality and rare value bonus marks depgnding on the
connections,  fulfills above and below bar  action as
required, apd may add to the overall Virtuosity‘of the
routine (F.I;G., 1979). The possible points accumulaﬁed
just froﬁ ‘including ‘a Stalder element in a routine can be
considerable, particqlafly'if the movement is performed sﬁch
that it adds execution and amplitude marks to the gymnast's'"
score. In international competition where compositioﬁal
requirementslwill-be complete and execution/amélitude ‘is
generally high among all competitors, the higheriscores will
be awafded to those gymnasté whose routings swing, are
original in connections, and show risk. In the 1978 World
Championshfps in Strassborg, France, Marcia Frederick of the

United States won the gold medal on the uneven parallel
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bars. This unprecedented victory was attributed to her
daring risk, swing, and personal technique (Criley, 1978).
Her routine contained many Stalder elements. The inclusion
of Stalders in a routine may or may not be the deciding
factor 1in a gymnast's score. To Marcia Frederick they
represented an important part of her wvictory.  She even

named her ,Great Dane puppy Stalder (Tanner, 1980)!

Many elements of difficulty performed 1in women's
gymnastics are moves adapted from men's apparatus. Coaches,
for the most paré, mdst rely on trial and error metpods to
deveiop progressions and performance styles suitable to the
female gymnast. It is therefore imperative that sound
research be conducted on women performing new elements to
ascertain the critical variables which directly affect their
performance. The Stalder has primarily been performed on
the men's horizontal bar. However, this element is becoming
basic to the compoéition of uneven parallel bars routines at
the elite ﬁand. international 1levels of competition. A
thorough analysis of the Stalaer will not only aid coaches
in training female gymnasts for the specific per formance of
the Staldér, but it will also identif§ the - critical
variables of execution so that gymnasts may begin to master
the components of‘performance of this 6ésic skill earlier in

their competitive careers.



STATEMENT OF THE PROBLEM

« The underlying responsibility of the sports
biomechanist is to provide the teacher/coach with useful
information on ~the description and performance of sports
skills and limiting factors to successful pérformance. The
purpose of the study was to investigate the handstand to
handstand Stalder circle [Stalder] on the uneven -parallel
bars and to isolaté variables which directly influence the
performance of the skill. Investigation of the problem

.

invoked examination of the following subproblems:

l. Identification of the temporal, kinématic, and

kinetic factors involved in the performance of the Stalder.

2. Identification of the anthropometric, strength,  and
flexibility measures which contribute to the successful

execution of the Staldér‘

- 3. Identification of kinematic and kinetic variables
which contribute to a good Stalder performance accordlng to

“evaluation by tralned gymnagtics judges.

4. Investigation of the statistical relationships
between and among all the variables to isolate the factors

most critical to successful Stalder performance.

\
\
N,

\
N



DELIMITATIONS
The study was delimited:

1. To ten Class I and three Elite gymnasts from the
United States and one Elite Level III Canadian gymnast. All

Elite level gymnasts were World Class caliber.

2. To performance of handstand to handstand Stalder

circles on the uneven parallel bars.

3. To a 2-dimensional cinematographic and segmental

analysis of the movement as seen in the sagittal plane,

‘4. To analysis of selected temporal, kinematic, and
kinetic | measures of the Stalder and the statistical
reiationships among " them.

DEFINITION OF TERMS
R
Definition of the following terms is presented to add

clarity to the study.

Amplitude. The degree to which an element is taken to
its fullest in extension, utilization of space, and swing.
This term can refer to internal amplitude, the amount of
streech or the actual measure of articular displaéement, or
external amplitude, the space between:the gymnast and the

rail.

Bottom Swing. That portion of the Stalder in which the

gymnast is passing below the rail,.



Code of Points, The rule book outlining all
requirements, deductions, and instructions on routine
construction, judging, and meet conduct. It is published by

the Women's Technical Committee of the F.I.G.

B

Compulsory. An exercise of fixed format and
composition' which must be performed exactly, by all

gymnasts, in specified competitions.

Difficulty. a) An element executed and awarded points
based on the level of performance with respect to all . other

]

elements.

b) A category in the point breakdown which specifies
maximum points for the performance of skills from different

categories and for specific competitions.

- Down Swing. The initial 180 degrees of rotation (or
any‘part thereof) of the Stalder circle beginning with the
gymnast directly above the bar (or at her initial highest

position) until‘the gymnast is directly below the rail.

Execution. The mechanical correctness of the

performance of an element.

F.I.G.. - International Gymnastics Federation. The

governing body of international gymnastics.



Handstand. An inverted, halanced position in which the
gymnast agsumes a posture of full shoulder flexion, straight
torso and legs, with the head 1{in a neutral position.
Deviations from a straight position constitute a poorly

executed handstand.

Handstand to Handstand Stalder Circle. A 1360 degree
rotation about a bar in which the gymnast's only support is
an overggip by the hands,. The movement begins fn a
handstand with the body position changing to an inverted
straddle dorsal hang by the end of the down swing and
returning to a handstand position by the completion of the

up swing.

Inverted Dorsal Hang. A position in which the gymnast
is fully flexed at the hip joint and is suspended 'by the

hands from a rail. The abdomen faces the rail.

Judge. An impartial referee, trained to evaluate

gymnastics performance according to the Code of Points.

Muscling. A slang expression used to describe an
execution technique of forceably attaining a position
through noticeable muscular effort as opposed to swinging to

completion.

Optional. An exercise created entirely by the‘gymnésf/

coach. The composition of this exercise is decided freely

within the guidelines of the Code of Points.

&
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handstand position.

10

Overgrip. A grasp of a rail with both hands'and with

¥
&

‘the arms in pronation.

Point Breakdown. A specific-liéting in the Code of
Points of categories ‘and deductions by which optional

exercises are evaluated.

~

Rock Back. Following the straddle in, that portloﬁ\/of“

the Stalder in whlch the gymnast rotates downward to an

»,

‘1nverted dorsal hang prior to the bottom swing.

o
Straddle-in. The first part of the Stalder during
which the gymnast goes from the initial handstand to a

position of flexion at the hips prior to the rock back.

Straddle-out. That portion of the Stalder during which

_the gymnast returns from an inverted dorsal hang to .a

a
GO

Up - Sw1ng. The fihal 180 degrees of rotation (or any

_part thereof) of a Stalder circle beglnnlng w1th the gymnastf

directly below the bar and endlng wheri the gymnast reaches

her highest p01nt

>



CHAPTER II
REVIEW OF RELATED LITERATURE

" This chapter 1is organized into two major divisions of
literature review: (1) Stalder Action and (2) Strength

Measures.

)

" STALDER ACTION

One of the#éreatest honors bestbwed’upon a gymnast is
that of having a-new'mévement named after the gymnast ;ho
cfeated it. or first performed it in competition. Often
éhese gymnasts are Olympic‘goldtmedalists in. the event in
which a méve carries their name. ‘One suchvgymnast was . Josef
Stalder fromjéwitzerland. Stalder won the goid medal in the
combined horizontal ba; exercises at the XIII Olympic Games.
in London, Englanduin 1948 (McWhirter,‘1976). The Stalder

element was named after him (Kaneko, 1976).

The Stalder action involves‘a 360 éegree rotation about
a ‘bar 5eginning and ending with the body in a handstand
position. Within the <course of the circle the gymnas£
attaiﬁé ~an inverted dorsal hang position. B;éause of the
changes ~ih» body position this mévement combines the
mechanics from both long and shortbci:cling actions (Kunzle,
1957). Movéments of this type are bécoming more popular ‘in
uneven parallel bars exercises. "They are o{ten used in

exercises as a means of contrast, and all have, with their

element of surprise, a dramatic effect. Although none of

11
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them 1is easy, some should be within the compass of aveféée
per formers. Others, such as the straddle-in and out
[Stalder], , are in the very highest class, suitable only for

the very advanced gymnasts (Kunzle, 1957)." o

.

Gravity acting on the gymnast provides the force which
causes sufficient angular momentum to allow the gymnast to

circle the bar (Osborne, 1978). The circling forces acting

*on the gymnast throughout the swfhg can be resolved into two

components - one normal to the aétion and acting toward the
cente; of curvature of the s%ing and one‘ component
tangential to the swing (Piagenhoef, 1971). The tangential-
component Serves to accelerate the gymnast in the ?iiectioh
in ‘'which it acts (Hay, 1978). Thus, the longer~grévity can
act during the down swing, the ‘gréater the angular

acceleration Eo beArealiéed. A gymnast must attempt to castﬂ
to a full handstand position prior to beginning the down

swing of  the Stalder to achieve a position for the
potentially greatest downward acceleration (Kunzle, 1957;
George, 1980). The tangential componeht of force is

computed from: mra, where m is the mass of the subject, r

is the radius of rotation and @ (alpha) is the angular

v aécéleration of the body (Meriam, 1978). The length of the

radius of rotatién adds to the value of the tangential
component.‘ The longer the radius of rotation, the greater
the moment of.inertia_of the system. Angular mohegtum. (7) ,
being a product 6f thé moment of inertia (I) and th%‘éngular

velocity w, can be maximized with a long'tadius of rotation
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(Hopper, 1978). ' The gymnast must also attempt to swing
downward with as great a.radihs of rotation as possible to.
maximize descent phase amplitude. ° ‘This will aid in
establishing the greatest potential for swing amplitude in

the ascent phase (George, 1980)..

The hormal component of aﬁgular momentum always'actg
towérd the center ofAcﬁrvature (Meriam, 1978)., Thus, the
,gymnaéts' centgr of mass is constantly chanéiné position
being compel}ed to move in a curved path (Barham, 1978) .
The'normai component is obtained from‘thé equation:

2 B .
a =V /r +\G cos B ' '

n .

(Hay, 1979) where V2/r is the squared velécity divided by
the radiUS‘of rotation and G cos 0 is the massxof the object
at any position. Thié comﬁonent is also of gréat importance .
to the gymnast in the execution "of circling movements.
Kunzle (1957) stated that the gymnast must withstand normal
forces of up to four times the body weight of the gymnast at
the bottom of a gia;t swing. Cdretbn (1939) measured forces
.of up to five times the body weight for " the saﬁe skill
element. Sale aﬁd Judd‘(1974), measuiing_forces for the
giant swing on the still fings, obtéined values of‘ 4.8 to
5.4 times the body weight.\ Hay, P&tqam, énd Wilsoh (1979) ,
stﬁdying thé forces against the uneven parallel bars, used
female subjects performing a caét.ffom the high bar to a

back hip circle on the low bar. They reported forces of

3.38° to 3.60 times the body weight of their subjects. The
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combined effects of the normal and tangential components of -

‘the acting forces is to be one of maximized velocity and

acceleration at the bottom of the down swing to maximize

potential for the technical execution and amplitude on the

up swing (George, 1980).

It 1is the aim of the gymnast to gain more momentum on

the descent phase than is lost in the ascent phase (Osborne, "

1 1978). Forces act in opposition to the positive effects of
gravity dﬁring the down swing. George (1980) attributed
" some loss of energy to grip friction ‘and air_ resistance
whiéh would not effect the SWing in a frictionless state.

Hay (1978) stated tﬁat air resistance is a negligible factor

and can be considered insignificant in hindering the swing.

\
N,

Dainis (1975) stated that "the forces caused 'by grip

g

[
o

friction are quite small compared to the forces acting to .

swing-‘the body about the bar." None of these sources

supported their statements with quantitative data. To
offset this energy loss the gymnast must perfbrm some

muscular work in order to complete the circling action. The

gymnast must adjust the body position to reduce the moment

of 1inertia _in order to ease the ascent phase of the swing
.(Osborne, 1978). A‘gymnast,has two basic ways in which to
change the moment of iﬁertia of the body (Runzle, 1957).

One method is to bend the elbows to bring the center of mass

closer to the rail. The other technique used by gymnasts is .

to use subtle actions of the trunk and hips to achieve the

same ends.



The literature available on Stalder cir&leé hés been
limited excluéﬁvely to performance of the move by men on the
horizontal bar (George, 1969; Osborne, 1978; Kunzle, 1957;
Shurlock, 1964; Kaneko, 1976). The research has been solely

qualitative description of the general Stalder action.

There is Nuch agreement in the literature on the gross
patterns of the Stalder, however, no kinetic or even
kinematic data has been presented thus far to support any of

these_analyseé.

Qéborne (1978) identified two _styles of Stélder
exeéution. which he ﬁerms early- and late rsﬁraddle—in
techniques. George (1969) stated that the. "stréddle—in
action 'is the single most ihportang variable in éxeéuting a
proper Stalder." Shurlock (1964) suggested that the
sgkaddle sﬂould be as wide as possible as the feet pass over
the bar ahd are brought in closer to ﬁhe armpits. It was
stressed by Osborne (1978) Runz1le (1957), Dainis (1975),
and George (1969) that maximizing the moment of inertia on
the down swing is critical to attaining the. greatest
- possible angular ‘momentum. The wideustraddle necessitates
the hips being brought closer to the bar thus shoftening the
radius of rotation and reddcing the moﬁent of inertia.
George's (1969) statement that the straddle of the legs be
. kept as narrow as possible is more cdnducive to the efforﬁ
of max;mizing the moment of inertia. Passing the feet close

to the bar on the straddle-in phase will help to reduce the

- torque about-the hips and will aid in the execution of that
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phase (Oéborne, 1973).

The straddle-in ~action is to be instantaneous;
vigorous, and complete to reduce the torques about the hip
and shoulder articulations (George, 1969), The hip pike
must be timed‘so that the gymnast has the 'maxﬁmum momentum
;nd yetl can still succeed in executing the straddle~in
‘(aunzle, 1957). Extension of ihe arms ‘at the  shoulders
should be delayed until the flexion of the 1égs to the trunk
at the hips |is initiaged. The back %s kept as flat as
possible throughout this action to maximize the distance
betweqnv the center of mass and the rail (George, 1969)..‘
This action occurs near the top most pﬁrtion of the down
swing. The late straddle-in action identified by“Osborné
(1978) necessitateé. maintaining the' extended (haﬁdstand)
positioﬁ longer into the down sWing. Extension of the arms
at the shoulder 5oint occurs first followed by‘ flexion at
the hip joint. Deléyiné‘the final extension of the arhs at
the shoplder until well into the down swing can increase the
anguldr momentum in thé,down swing by incréasing the moment
of iﬁertia (Osborne, 1978). 'Once the straddle-in action has
occurred, 'the gymnast~must'stiil attempt to keep the moment
of‘inertia as great as possible. Shﬁrlock (1964) suggested
keeping the legs near the armpits. George (1969) best
described the action as one which requires "one's fuil

anatomical range of motion with reference to the - hip

?

1 ”
region. )
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ﬁThe result of your considerable momentum in tﬁe
straadle circle and the leg beat downwards as you swing gg%k
is the tremendous pull on the bar. Here lies the crux of.
the movement. If you can withstand the jerk on the hands,
the bar whips down ‘as it gathers the energy from :the body,
then reacts sharply, throwing the shoulders and hips sharply
upwards (Kunzle, 1957)." "Obviously you keep the'armS<quite
straight until thg moment thgt they go slack after the
reaction from the bar;. If you do not; the pull at the
bottom‘will jerk you off (Kunzle,‘1957)." .This description,
thdugh'\not. scientifically enlightenihg, is a common belief
express;d in the literature. This is often referred gg aSV
the bottomimg ‘effect (George, 1980). The forces acting at
the bottom of the swing can be more than four times the
weight of the gymnast (Kunzle, 1957)., ©Unfolding from fhe_
. pike position is a common occurrence (George, 1969). | The
‘ability to maintain an adequately decréaséd shoulder angle
through the bottom of the swing 1is critical to the
successful 'completién of the skiil. The downward forces
‘will tend to enhance the position of the leés relative to
the trunk, therefore, this is not often a factor in a
gymnast's inability to control the bottoming effect (Geo;ge,

1969).

The - straddle-out action must be carefully timed.
George (1969) suggested that the downward bowing of the rail
in the bottoming effect should be the "tactical cue

initiation of the étraddle—out. Shurlockjreporf



18

feeling of 'weightlegsness' occurs at approximately a
horizontal position on the up swing. It is at this point
that gﬁe straddle—od; should begin. George (1969) suggested
that shoulder flexion‘ énd hip extension uocéur
simultaneously. If timed properly, éhe gymnast can achieve
a handstand position with relative ease. The straddle-out‘
of the legs should be as wide as poss1ble attemptlng to keep
the motlon in the frontal plane._ This helps to reduce the
moment of inertia, and 'thus, torque about the hip joint

’

(Osborne, 1978). Also, at this point of 'weightlessness!, a

'slip grip' action of the hand at the wrist occurs. The

"wrists are arched onto the\ top of the bar to provide

support for the oncoming body weight (George, 1969).

- In one point, of disagreement, Osborne (1978) suggested
that hip extension can hiﬁder. houider flexion if tﬁese
actions occur simultaneously. Hip extension can be delayed
until shoulder flexion is almost comp ete. This action can
be supported by Plagenhoef (1971). \ He described the
relative motion of the segments in a three liﬁk system in
which the motlon of one segment dlrectly effects the motion

of the other segments. Actlon of one ‘segment at a time

. enhances the execution of the total skill.

STRENGTH MEASURES

The strength requirements’ of the ymnast to

successfully perform a Stalder are primarily from isometric

contractions to maintain the -straddle-in positio at the
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bottom of the down swing. The forces that must be
controlled at the hip and shoulder joints are greatest in
this position (George, 1969). Grip strength tests habe been
an integral part of strength test' batteries since the
1880's. Total body strength can be represented quite
adequately through grip strengtﬁ measurqs‘(Bowers, 1961;
Everett ané1Sills, 1952). This test has been shown to be a
reliable measure of overall body strength and an excellent
. Measure for.activities involving isometriC' contractions of
foreqrm stabilizers (déVries, 1974).' Statig strength or a
single maximum effort by a subject in a fixed position can
be easily measured using dynémometers and the resul;s are
quite reliable (devries} 1976; Hunsicker and Greey, l§57).
This type of measure is appropriate to - determine the
strength of a gymnast perfbrming a Stalder as the 'position
of the body is relatively fixed thréughout the patt of the
skill where strength is criticai; the bottom of the down
swing. Hunsicker and Grééy (1957) reported that relatively
little difference in strength is found between the two sides

of the body.

Grip strength is higﬁly correlated to weight (Pierson
and ‘O'Connell, 1962; Everett and Sills, 1952; Bowers, 1961)
-and has aiso been highiy related to a mesbmorphic somatotype
(Pierson and O'Connell, 1962). Female gymnasts are often
som%totyped maround a 3 -5 - 3 rating. This‘indicates a
high'mesdmorphic or muscular ;componént to their- physiquev

(Matthews and Fox, 1976).
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CHAPTER III

METHODS AND PROCEDURES

The experimental methods for data collection and
analysis used in the study are presented under the following
headings:. (1) General Procedu;es; (2) Cinematogfaphic
Procedures; (3) Data Analysis Procedures; (4) Judging Panel

and Trial Ranking and ?5) Statistical Procedures;
GENERAL PROCEDURES
Subject Selection

The study was carried out utilizing 14 g?mnasts. The
subjects selected for) the study were one Elite Level III
Canadian gymnast, three Elite and ten Class I gymnasts from
‘the United States.  C£iterion for selection was the
_gymnasts' ability to'perform a Stalder wiﬁhout the aid of
spotting assistance. Data was collected in the latter

portion of the competitive season.
Anthropometric Measures

For the purpose of investigating differences among

subjects the following measures were taken:

(1) Mass. ‘Standard balance scales were used to obtain
the weight of the subjects. Mass was calculated from this
measure. This procedure was performed directly prior to the

data collection sessions.

20
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(2) Height. The height of each subject was measured

using a metric tape.

!

(3) Upper extremity 1length was measured \froﬁ the
centroid of the glenohumeral joint to the distal hgad of the
fifth metacarpal of the hand with the elbow joiAt in full
extension. The distal head of the fifth metacarpal was
chosen to represent the endpoint of the upper extremity
because the fingeis were wrapped around the bar during the
skill and, therefore, did not contribute‘length to the body

segment or to the total radius of the body in rotation about

the bar.

(4) Lower extremity 1length was measured from the
centroid of the hip joint to the distal head of the fifth

metatarsal.of the foot.

(5) Trunk length was measured from the centroid of the
glenohumeral joint (proximal endpoint of the upper
extremity) to the centroid of the ‘hip joint (proximal

endpoint of the lower extremity).

These endpoints corresponded to the segmental endpoints
used in digitizing procedures. Upper ~extremity, lower
~extremity and trunk lengths were obtained from the digitized

data for all subjects.
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*quyibility Measures

-

Full range of motion in shoulder and hip articulations
fa - recognized as an important factor in gymnastics
per formance. The flexibility in these joints was measured.

For permanent records of active flexibility measures at the
time of data collection 35mm still photographs were taken of
each subject. For measures of shoulder flexibility,
gymnasts were seated on a mat with the 1legs and back
straight. The arms were flexed at the shoulder joint to the
maximum ' range of Omotion the gymnast could attain without
elbow flexion or forward pelvic rotation. The measure taken
was the angle formed between the longitudinal axis of the
upper extremity énd the frontal plane abhove the shoul&gr.
For measures of hip fle#ibility, the gymnasts attained an
inverted dorsal hang. position (legs straddled) on thg'low
rail of a set of uneven‘parallel‘bars. The measure éaken
was _the angle representing the flexion.of the thighs to the
trunk. Photographs were taken  with an Olympus OM-1 SLR
camera outfitted with a 50mm Zuiko lens f16 to f1.8, and
loaded with Kodak Tri-X film, ASA 400. Camera placemént‘was
90 degrees to the sagittal plane of the action. A computer
program to calculate angles from the 1line slopes of
connectéd body segments was utilized. Seghental endpoints éf
the arm, thigh, and trunk Qere digitizea to determine 1lines .
of body segments for which slopes were then calculated. The

angle formed by the intersection of the two slopes was found
-
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by using the formula:
-1,2
tan © = (M2-M1)/ (14M1M2)
where tan 0 designates the angle from line 1 to line 2 and M

is the slope of each line.
Strength Measures

Grip strength of both hands of all subjects was
measured using a Stoelting Hand Dynamometer (C.H, Stoelting
Co., Chicago, Illinois, U.S.A.) with a full scale measure of
100kg. in one’kilogram increments. The mean grip strength
for each subject was calculated and used as the indépendent

variable measure for overall muscular strength.
CINEMATOGRAPHIC PROCEDURES

The filming was conducted in the training facilities of
the Oregon uAcademy of Artistic Gymnastics (National
Division), Eugene, Oregon, U.S.A. Two filming sessions were
required to film all fourteen gymnasts. Subjects performed
two Stalders each 6n the high bar facing away from the low
bar. The gymnasts executed both trials consecutively, with
time allowed to dismount the bars and rechalk the hands if

desired.

For all filming sessions a Photo-Sonics 1PL 16mm camera
was placed perpendicular to the sagittal plane of the action
thirteen meters from the center of the rails. The camera

was powered with a portable battery ‘pack. A 16mm Angenieux

N
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12-120mm zoom lens, fiG'— £2.2 WAS“mounted‘on the camera. A
Ph;tofSonics~ Tiﬁing Light Cenerator‘system was hooked up to
thé caﬁera for the pﬁrpose of &erking the‘film'with a. spo?
of iight at 10Hz  intérva1s (0.1 seconds). This system
insures exact measurement of film -tqansport speeas. - The
camera was loaded with Kodak Ektachrowe 7250 ﬁF Color

Tungsten light film, ASA 400.

Stgobogpopic‘techniques were used to calibrate the
camera's shutter speed prior -to filming. 'The‘action was
filmed with the camera set at 100 f;émes per second.
Shutter ang;es and exposure timeévwere calcdlaéed according

<,
time

‘to the available light to allow ﬁof a minimum exposure
of 1/220 second. Light' was measured with a‘Pentax_Spot
Meter. ‘Three 28cm réference ﬁ%asures were - placed on thé
“supports of the high bar ‘to bbé used in obtaining a
~conversion factér. Appéndfx A contains the sﬁécific'data of

F

filming and camera settings.
DATA ANALYSIS PROCEDURES

The Cartesian (rectangular) co:ordinates fo: each of
the 21 segmenta1 endpoints and the X andaY co-ordinates of
the rail ohvwhich the Stalder wés per formed weré‘ obtained

for each frame of the fiim‘analyzeé. A Triad VR/lOO pin
Lregigtered falm‘analyzet was used to project the film images
onto a'ﬁendix Platen (model 9864A). The image was alignéd
’with' the interﬁal axes of ,the board to reduce érrors in,

.obtaining digitized points. ‘The Bendix Platen was



interfaced to a He@lett Packard HP9825A desk top computer
through a Hewlett Packard HP9864A Digitizer. . The system
allowed ‘obtaining éartesian co-ordinates accurate to .036
cm.. Co-ordinate boints we;e recorded on a cassett-type
mégnetic tape mounted within the HP9825A for Rfrmanent‘
record. Programs written to reduce data points to useable
form were executed on - the HP982§% mini-computer in the
Biomeéhanics‘ Laboratory at the University of Alberta.
M.I.T. Humanscale data for females were used in the
determining of body segment paraﬁeters and .the location of

the total body center of mass in all appropriate computer

- programs.

The purpose of the study was to §tatistically analyze
differences"between Stalder performances as well as carry
out a biomechanical kanalysis. Thefefore, the frames
selected for analysis were choseﬁ for two purposes: ]l)‘to
obtain information which would produce a éoﬁplete kinematic
aﬁd kinetic analysis of the Staldé£ and (2) which would get
information on/spécific actiéns within the'movementvSov that
any statistical differences revealed among performances
could Be used to pin?point exact performance variations.

Twenty two frames were selected for analysis.



The 22 frames examined for each subject were:

(1) Highest Cast Position (Straight Body)
(2) - +20 Frames
(3) First Forward Hip Motion
(4) Legs Parallel to Floor
(5) Legs Perpendicular to Floor
(6) Hips at Level of High Bar
(7) Next Frame
(8) Next Frame
(9) Arms Pardllel to Floor
(10) -5 Frames from Hips Below High Bar
(11) Hips Below High Bar
(12) Next Frame
(13) Next Frame
(14) - Arms Perpendlcular to Floor
(15) First Hip Extension
(16) Hips at Level of High Bar
(17) Next Frame
(18) Next Frame '
(19) Arms Parallel to Floor
(20) Legs Parallel to Floor
(21) Full Shoulder Flexion (or Hip Extens1on)
(22) Full Hip Extension (br Shoulder Flexion)

~r

The frames chosen for analysis were selected partially
for the purpose of analyzing phases'of the skill execution
as well as the total Stalder action. Seven phases of skill

. . .
execution were identified as:

(1) Highest cast position to a position with the hips

level to the high bar on the down swing.
(2) Passing the high bar on the down swing.

(3) - Passing the high:: bar on the down swing to hips

below the high bar. . y

(4) Passing below ‘the high bar. S :

ey

(5) Passinq below the high bar to hips level with the

N
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high bar on the up swing.
(6) Passing the high bar on the up swing.

(7) Passing the high bar on the up swing to the final
handsﬁand position. '

For fhe purpose of a complete analysis of .the - Stalder
one dependenﬁ and 33 independent Variablés were identified
as being critical fof the complete analysis. The judges
- ranking of the trials from best to poorest perforﬁance was
used as the dependent variable. Five of the independent
variables: the gymnasts' mass,.height, active shoﬁldér and
hip flexibility - measures, and meén grip strength were
obtained through direct measurement .prior‘ to film data
collection. Uppér'extremipy, lower extrehity, and trunk
lengths -were obtained from the measurements on the film.
The remainingv variables were calculated or obtained by
qombiningﬁ,vafiables from the raw data and are identified

-

below.

Temporal Data. The total ‘nt of time taken to
complete the entire skill as well as the time of the down

. . ‘-' Ll ,’] ©
swing, wup 'swing, and each of the seven phases was

determined.

Angular Displacement. The total angular displacement
of the center of mass about the rail for ‘éach Stalder, as
well as for the down swing, up swing, and éach of the seven

4

phases was calculated.
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Angular Velocity. The averége ;ngular velocity for the
center of mass about the rail (Wr)’and for the gymnast about.
her own center of mass (Wcm) was calculated for the total
skill and all skill phases  from the temporal  and

diéplacement data.

Shoulder Angles and Range ovaotion; The angle formep
‘between the trunk and tﬁe upper extremity for all frames
analyzed was measured. The total range of motion for each
trial was determined as well aé the ave;gbe‘angle and range

of motion during each of the phases.

Hip -Angles and Range of Motion. The angle formed
T

v

between the trunk and the lower extremiéy for all frames
analyzed was meésured. The total rangé of motion for each

trial was. determined as well as the avérage angle and range

~

of moﬁion‘dur%ng each phase.

Moment of Inertia. The resistance to turning forces

about the rail (Ir) and about .the center of mass (Icm) for

R

each frame analyzed was computed using the equation:

2
Ir = 1§ miri

)

where: Ir= the moment of inertia of the gymnast about
. a transverse axis through the rail.
mi= the mass of the ith segment
2
ri = the radius of rotation of the ith segment
about the axis of rotation.

The average moment of inertia 'for all phases were also

\‘J?tained.
\ ) 'd



Angular Momentum. The angular momentum about the rail
(Hr) and about the gymnast's center of mass (Hcm) Dbetween
~each frame analyzed and an average value for all phases was

determined. Angular momentum was computed as:.
Hr = ITi wi

where: Hr = the total angular momentum of the gymnast
about the rail. R
Ii = the moment of inertia of the ith segment
about the rail.
w i = the angular velocity of the ith segment
with respect to the axis of rotation.

Energy. The changes‘iﬁ potential and kinetic energy of
the gymnast eircling abeet the rail were computed between
each frame for the éotel skill. Gravitational‘pqtential
energy was computea from the equation mgh. Tetal- kinetic
energy (T) for the system was"obtaiﬁed by summing the
‘translational and‘rotational kinetic eﬁergy of the gymhast

'about the rail utilizing the total local angular momentum of

the body segments and the remote angular momentum of the

.system about a transverse axis through the rail using the
following equations:

K

'Translational_kinetic energy

2 2
T(t) = rl1/2mi(Vxi + Vyi )

where: mi = the mass of the ith segment
Vxi and Vyi = the horizontal and vertical velocities
of the segmental centers of mass between frames
x and x+1 respectlvely.
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Rotational kinetic energy
. 2
T(r) = £1/2 1Ii wi

where: Ii = the moment of inertia of the 1th segment

about a transverse axis through the segmental

" center of mass.
wi = the angular velocity of the segment

between frames x and x+1l. -

Total kinetic energy
2 2 2
T = 1/2 mi(Vxi + Vyi ) + 1/2Ti wi
Deflections of the Rail. X, Y, and linear deflections

of the rail were measured in each frame from the digitized

point of the rail. The materials and construction of a

’regulation rail are used to insure . complete elasticity of

the bar.

Forces against,tef\Rail. Forces produéed~to deflect the
rail during the bottom“swing were obtained through indirect

force measurements from cinematographic data using the

equation:

2
a =V /r+G cos 6
n A
2 ‘ .
where: V /r =-the linear velocity divided by the
““radius of rotation.
G cos ®= mass of the gymnast times the cosine of
the angle between the vertical and the
radius of rotation.

JUDGING PANEL AND TRIAL RANKING

i

A panel of gymnastics judges was formed for the purpose

&
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of subjectively ‘evaluéting the filmed Stalders and rank
ordering the trials. This was done for the purpose of
placing trials into groups for statistical analysis of the

data.

The tiials wefe consecutively numbéred from one to 28
in the order they were filmed. These trial numSers were
then randomly drawn for the purpose of editing the film and
placing Ehe filmed trials in a random order. Same subject
triéls were separated by at least two other performancesf
The‘.edited film was then renumbered from one to 28 and used

as the film shown to the judging panel.

The panel was made up of nine experiencea gymnastics
o?ficials. The ‘highest rated judge held an International
réting under the Canadian Gymnasti&s Federation/F.I.G.
rating system and had been a réted“official for ten years. -
Seven of the nine Jjudges held ratings of Provincial or
National Judge under the C.G.F./ F.I.G. fating system. Aall
ﬁhad judged for a minimum of six vyears with the most
exper ienced having‘juaged for eleven vyears. . The least

experienced member of the panel was rated at a Regional

level and had threé vears of gymnastics judging experience.

The judges were instructed to rank the filmed Stélders
from best to pborest pefformance'as ;he trials related to
each other. The judges made no attempt td arrive at a score
for .the Stalders. No instructions were given as to Qhat to

-look for or how to evaluate the performances; Judges used
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their own subjective ‘evaluation and judging experience to
compare trials for ranking. They were allowed to view the
film as many times as they needed~invorder to rank the
trials to their séfisfaction. In all cases, rank ordering
by each panel member was arrived at ihdependentiy. The
judges weré not present during the filming sessions and saw

“only the filmed trials.

An 6yerall ranking was made by summing the individual
judges rankings for eadﬁ trial. The sums were then ordered
to determine the final ranking. From the judges'rankings
the trials were divided into .four gfou?s each containing
seven trials. This division was undertaken for the purpose
of carrying out a one way analysis of variance between’ the

groups.

The Stalders ranked highly were considered to be
excellent perfo:mances according to the 'subjective
evqluation of the judging panel. The trials ranked in the
lowér parﬁ of the ranking were considered to be fair to poor
examples of Stalder perforhance Qhen compared to the higher

ranked trials. The final ranking for the trials became the

dependent variable for certain statistical investigations.
STATISTICAL PROCEDURES

The statistical procedures were selected in an attempt
. . .
to obtaih'information which would reveal differences between

the groups as well as the relationships among the selected

N
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variables. Statistics on the data were run utilizihg
preprogrammed statistical packeges prepared by the Division
of Educational Research at the, University of Alberta. The
program package was called XDER. The specific XDER programs
were selected for their Ltreatment of the data. The
preliminary analyses were performed»lon ali trials for
subject-specific and total skill variables; time,
displacement ‘and angular velocity for all phases of skill
execution; and kinetic variables for Phases 2, 4, and 6.
The | results from this anaiysis indicated sufficient
differences between Group I and Groeup IV to support carryieg
out a more specific ahalysis of these trials. Kinetic
variables and certain performance' differences were again
analyzed for the total Stalder and for all phases of skill

execution for the trials in these groups. _ /

One program' used was XDER:DEST02. The description of
this program includes the following: “fhis program
calculates means, - variances, standard deviations,
covariances and correlation coefficients for ;\\maximum of
175 variables. The Cofrelations may ~be tested for
significance. File output of covariances and cerrelations
is{ also available >(XDER paékage,.Hunka, 1979)." Pearsen
Product Moment Corfelation coefficients of the dependent and
independent variables for all trials were calculated through
the use‘of fhe eomputer program XDER:DEST02. t tests were
aieo run wifhiﬁ' ‘the same program to determine the

‘ . ,
significance of the correlation coefficients.
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The other XDER program used was XDER:ANOV16. "This
program carries out a standard one~way analysis of variancey
on up to twenty variables with or w}thout equal sample sizes
in each group. A fixed effect model is used. The program
~also provides a test of homogeneity of variancé," and
pairwise kcontrasts of means using the Scheffe and
Newman—-Keuls procedures if ;he number of groups is 10 or
less. Data may be ordered by group membership, or group
membership can be identified on dat; cardg (XDER package,
Hunké; 1979)." ~From the judges':- rankings four performance
groups were identified. The performances of the groups were
compared through a one-way analysis of wvariance usingl the
program _XDER:ANOVlG. In cases where a signif&cant
difference of at least a .05 1level of significgnce was
obtained, a Scheffe contrast between Group I and Group IV
was carried out. The sﬁbject composition of the groups and
the judges' evaluations of the general performance of these
groups support that contrasts bétween Group I and Group 1IV

bé unde:taken.



CHAPTER IV
ANALYSIS OF DATA AND DISCUSSION OF RESULTS
INTRODUCTION

The study was carried out utilizing 14 Class I and
Elite level gymnasts.frbm Canada and the quted States. The
composition of the optional uneven parallel bars routine for
the 1980 compgtitive season of ten of the subjecés contained
,at leést one Stalder element. Of the remaining four
subjects, th had Endo (forward Stalder action with a
reverse grip) elements in their optional routines. The
Elite gymnasts‘ had all competed the 1980 Compulsory uneven
parallel bars routine which cOntained.a Stalder element as
well, All 28 ,trials were performed with sufficient
tecﬁnical' execution to have been awarded 'B' or 'c!
difficulty credit in a compé;itive situation with a similar
performance (see Appendix D). ’However, séecific deductions
in ‘execution/amplitude (See Appendix .C) could have been

-taken in all trials according to the judging panel.

Respecting the definition of various ‘Stalder types
presented in the literature, all subjects performed an early
straddle-in iechnique in‘both trials. From the information
obtained through the mechanical aﬁd statistical analyses of
these Stalders, certain ‘similarities and significant
differences were obtained between the highest and 1lowest

ranked groups. The similarity in performance technique

. 35
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along with the differences revealed, set the baéis for
presentation of data analysis in this chapter.

One trial was selected from Group I and one from Group
Iv for specific presghtation of the data. This procedure
was undertaken for the purpose’Jof analyzing an actual
per formance from each group rather than an artificial trial
cbmposed of the means of all the variables within each
group. Selection of the specific trials to be used for
presentq;ion was made following the compkete ‘biomechanical
and statistical analysis of all trials. The trials selected
for présentation were chosen due to their rank position
wiﬁhin their groups and the similarity.between the specific
variables and the group means for the majority of those
variables. Subject JM, Trial 2, was selected frbm Group
I. This trial was ranked fourth in Group I as well as fourth
overall. Subject AD, Trial 1, was chosen from Group 1IV.
This trial was also ranked foﬁrth within the group and

twenty-fifth overall.:

This chapter 1is organized and presented under the
following héadings: (1) Subject-Specific Data, (2) ' Analysis

of Data, (3) Statistical Analysis of Data, (4) Discussion

SUBJECT-SPECIFIC DATA

-—

Prior to filming sessions and from tHe filmed Stalders
certain measurements were taken on each subject.

Information on competitive experience, vital statistics, and
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anthropometric measures were obtained to help determine
differences among subjects. The personal and anthropometric
measurements of JM and AD are presented in Table 1.

Appendices E and F contain these measures for all subjects.

Table 1. Subject- Specific Variables Subjects For JM and AD

SUBJECT: JM AD
VARIABLES

Years in Competition 3 2
Years Class I+ 2.5 .1
Age (years) ' 14.5 11.5
Mass (wt. in Kg) 38.56 26.76
Height (cm) 147.32 : 129.54
Upper Extremity

Length (cm) 46.50 ' 39.68
Trunk Length (cm) ’ 49.53 ’ -40.02
Lower Extremity :

Length (cm) " 63.21 60.19
X Grip Strength (kg) 17.63 o1 10,34 -
Active Shoulder o
Flexibility (rads) 3.39 3.49

Active Hip
Flexibility (

A e e e e e e e M T T e T e e e e e e

ANALYSIS OF DATA
- Temporal Data

The 7 frame. designated 'frame 1' for each trial
correépondéd to the first anélyzed frame -~ the highest cast
position. The actﬁal ffamé number of the filé ;elative to
the 22 analyzed frames are contained in Table 2. Total time .
of the Stalder was taken from the first position analyzed,
the initial highest égs;, to the final position of greateét

rs

shoulder flexion and hip extension.
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SELECTED FRAMES : ,
1 2 3 ’ﬁﬁ 5 6 7 8 9 10 1
SUBJECT/ -
TRIAL ACTUAL FRAME
YW2 1 21 45 53 82 95. 96 97 101 117 122
TT2 1 21 43 47 67 82 83 84 90 106 111
YWl 1 21 33" 40 66 78 79 -80 84 99° 104
JIM2 1 21 91 97 119 131 132 133 139 151 156
JM1 1 21 61 68 90 103, 104 105 111 124 129
DW2 1 21 86 91 123 136 137 138 144 155 160
TT1 1 21 46 48 67 83 84 85 90 106 111
DW1 1 21 64 66 96 113 114 115 121 132 . 137
NG2 1 21 61 68 89 104 105 106 112 121 126
KK2 1 21 45 76 100 112. 113 114 121 133 138
'NG1 1 21 35 53 78 92 93 94 100 108 113.
KK1 1 21 57 .77 101 113 114 145 122 135 140
' CH2 1 21 48 90 109 123 124 125 130 14C 145
TQ2 1 21 54 66 90 108 109 110 117 129 134
©LW2 1 21 41 50 .86 117 118 119 126 141 146
™1 1 21 57 61 87 105 106 107 112 125 130
TQ1 1 21 39 44 68 86 87 88 95 106 111
JF1 1 21 33 35 59 85 8 87 97 104 109
YM2 1 21 41 54 80 96 97 98 102 116 121
CH1 - 1 21 85 97 122 136 137 138 144 154 159
LW1. 1, 21 3. 70 111 143 144 145 153 167 172
JL1 1 3 21 56 80 113 114 115 5126 138 143
JF2 1. 21 29 33 55 81 82 83 92 100 105
' JB1 1 21 85 91 117 135 136 137 143 153 159
AD1 1 11 22 39 52° 76 77 18 87 94 99
JB2 1 21 50 53 76 . 96 97 98 104 115 120
AD2 1 21 48 54 85 111 112 113 122 128 133
JL2 1 .5 21 44 73 107 108 109 120 .133 .138

T R S M i et e o 0 T A S et G i e . D - ———— — s T— T T — T > — e — - —— ot Ty T
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Table 2. ésontinued)

o SELECTED FRAMES :
12 13 14 15 16 17 18 19 20 21 o 22

SUBJECT/
PRIAL ACTUAL FRAMES

YW2 123 124 127 137 148 -149 150 159 171 209 221
TT2 112 113 117 134 138 139 140 147 181 194 223
YW1 105 106 109 124 130 131 132 141 150 197 201
JM2 157 158 162 168 180 181 182 191 193 224 234
JM1 130 - 131 135 .143 152 153 154 163 166 196 214
DW2 161 162 167 174 182 183 184 193 205 231 247
TT1 112 113 117 134 137 138 139 145 184 191 218
DW1 - 138 139 143 153 160 161 162 170 179 205 227
ﬁGZ 127 128 133 140 140 150 151 162 170 220 223

K2 139 140 145 155 166 °"167 168 174 181 197 246
—'NG1 114 115 121 128 137° 138 139 150 158 204 210
KK1 141 142 147 156 168 169 170 180 187 226 261

- CH2 146 147 152 159 168 169 170 181 182 202 246
.TQ2 135 136 140 150 159 160 161 .171 188 232 252
LW2 147 148 152 161 170 171 172 184 185 243 250
YM1 - 131 . 132 136 152 153 154 155 164 167 181 214 -
TQl 112 113 118 129 136 137 138 147 164 204 209
JFl . 110 111 119 '124 d33 134 135 147 149 189 215
“YM2 122 123 126 140 144 145 146 157 158 173 213
CH1 160 161 166 176 181 182 183 194 198 219 264
LWl 173 174 179 190 197 198 199 210 211 276 286
JL1 144 145 152 155 167 168 169 182 196 287 300
JE2 106 107 115 1120 129 130 131 142. 146 167 218
JB1 159 160 165 172 180 181 182 191 197 258 259
AD1l 100 101 109 113 123 124 125 134 153 195 214
JB2 121 122 127 135 141 142 143 153 166 207 226

- AD2 .134 135 143 149 157 158 159 171 190 232 239
. JL2 ‘139 140 147 152 161 162 163 177 185 242 247

. — o — . G — — ———————_ ——— T ———— it Wi T . —— A" _ " - ———— - o — ———— " o ——— i = o ——— —



Subject ;JM completed the total action in 2.45 seconds.
Subject AD completed her Stalder in 2.24 seconds. Temporal
data for the total skill, the down swing and the up swing

are presented in Table. 3. ' “

Table 3. Temporal Data for Total Skill,

. Down Swing, and Up Swing in Seconds

ALL TRIALS GROUP 1 GROUP IV
TOTAL SKILL :
RANGE ‘ 2.09 - 3.14 2.09 -~ 2.78 2.24 - 3.14
MEAN ‘ 2.48 2.40 2.58 ‘
S.D. .07 .05 - .09
DOWN SWING . . ‘ :
RANGE 1.03 - 1.69 1.10 - 1.69 1.03 - 1.65
MEAN 1.36 °~ 1.34 - 1.37
S.D. .04 .05 .05
-UP SWING .
RANGE .82 - 1.65 .82 - 1.23 1.11 - 1.65
MEAN , 1.12 v 1.01 1.25
S.D. .03 . .02 - .04

Temporal data for the seven phases of skill execution
show similar times between JM ';nd AD except during the
straddle~-in action.(Phase 1) and the end of the straddlefbut\
action (Phaseu7). JM took 1.37 secqnds tq complete the
straddle-in action in her Stq%der. AD took .79 seconds to -
compléte the same aCtién. - Time differences for the
straddlé-out aétion were reversed as AD used .96 seconds to
achiévewthe'fiﬁal positidn from the point at which the hips
were lével‘ with ‘the rail on the up swing;; JM took .57
’ﬁ;éecbnq§ to,edmplete this:actiog.“éhe time of each phase for

fgi “JM and AD are listed .in Table 4. .
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Table 4. Temporal Data for the Seven Phases of Skill
Execution for Subjects JM and AD

SUBJECT PHASES

1 2 3 4 5 6 7
_ , p
IM 1.37 .02 .26 .02 .25 .02 .57

AD .97 .02 .24 .02 .25 .02 .96

T S e e e v e S v | T o o ————— " —— - ———————— ———— — it o ————— — — _— ——

Displacement of the Center of Mass about the Rail

Performance differences beétween subjects occurred due

to the position of the body in the initial highest cast and

the ﬁoint J&Q’ &he up swing when attainment of the final

' 4«
position was adﬁLéVed. Common differences between JM and AD
in the starting and. endihg positibns ‘are ‘illustrated’ in
Figures 1 and 2. JM began and ended the Stalder in a
handstand position and rotated throﬁgh 6.12 radians (350.65

degrees) from- the initial highest cast to the final

_handstand. ‘AD( beginning in a position paféllel
floor and. ending above: the rail in én exteqded pdéftion;
rTotated through 5.94 radians (340.34 degreés) for the total
ékill The s1m11ar1ty among all trials for dlsplacement of
the center of mass about the rail can be noted from the data

i

in Table 5. BN
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Figure 1. Tracings of Analyzed Frames For Total
Stalder Performance for Subject JIM.
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Figure 2. Tracings of Analyzed Frames For Total .
Stalder Performance for Subject AD.
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Table 5. Total DisplaCement of the Center of Mass
About the Rail in Radians For All Trials

ALL TRIALS GROUP I GROUP IV
RANGE ,5.56 - 6.63 - ..6.027- 6.29 5.56 - 6.63
MEAN 6.07 RE P - 6.02
S.D. .25 <1l .35

S S o e o v T — —— ——- — T — - ——— 7 —— — - o W T G Ty T ——— ———— O —— - ——— ——— ————

Displacement .of the center ~of mass during the
straddle-in action (Phase 1) encompassing frames 1-6 shows a
considerably varied pattern between the £wo gymnasts. JM's
centef of mass was displaced through 1.35 radiané (77.35
degrees) in the direction of the Stalder in Phase 1. (Fig.
3). Figure 4 1is a plot of the location of the center of -
mass about the rail for the total skill. The ceﬁter of mass
was dispiaced through a fairly smooth, _ovall path. 'The
amplitude of -t down_éwing was similar to the uﬁ-swing as
the average dista e‘between the center of mass and the'réil
while'passing it on the down swing was §7.68cm‘vahd the
raQius while ‘passing the rail on the up swing was 59.18cm.
Ab's center of mass was displac;d through .74 radians (42.40
degrees) in ' the direcfiog of the Stalder during the .
straddle-in phase (Fig. 5). The path of AD's center Of‘maés
about rihe rail is p}otteq 'in'Figure 6. The péth is not
smooth 1indicating Body pgéition changeé _which greatly
affected éhe ceq&er of ’mass. Alﬁhough, .thé radius of

rotation of the center of mass about = the rail .was

approximately 34.0cm as AD passed the bar on both sides, the.
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Figure 4.

X Y Plot of Center of Mass for Subject JM.
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Figure 5. Displacement of the Center of Mass for Subject AD.
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Figure 6. X Y Plot of Center of &ass for Subject AD.
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path was different.

JM's initial highest cast position (Fig. la) was'to a
handstand above the rail. All displacement of the center of
mass was positive with respect to the skill, AD casted
initially to a position in which the shoulders were above
the rail but‘the body was horizontalwto the floor. Flexion
of fhé arms at the shoulders caused the center of mass ib be
raised and displaced to a position above the shoulders.
However, this action produced displacement of thé center of
‘' mass in a line of direction opposite to the desired circling
action of the Stdlder (Fig. 2a-d). Positive displacement of
AD's cedter of mass did not occur until .54 seconds had

passed from the beginning of the skill.

Articular Displacements and Moments of Inertia

Internal amplitude diffe:en? ~aused by the wvarying

amounts of shoulder extension i hip flexion had a direct
. T T

influence on kinetic wvariables. The amplitudi%rbﬁq the

initial highest cast placed.the gymnast in a posifibn_which
would directly affect the radius of rotation, moments of
inertia ‘and_measures of angulaf momentum about the rail and
about the gymnasts' own center of mass.” Initial measures of
~gravitatioﬁal potential energy were determined at this
point. The initial highest cast position also had an affect

pa
e

on the amount of kinetic energy potentially available.

JM at the highest cast position (Fig. la) had achieved
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an upper extremity/trunk angle of 3.15 radians (180.67

degrees) of shoulder flexion and .36 radians (20.85 degrees)
of hyperextension of the lower extremity to the trunk. This
position produced a measure of 27.13 Kg.m2 for the moment of
inertia (Ir), 4.13 Kg.m2 for the moment of inertia (Icm) and
a potential energy measure of 543.22J at the start of the.
Stalder. Due to the extended handstand position above the

rail which was JM's initial higﬁgst cast, these measures are

' close to the maximum that JM could produce. Thus, JM began

the Stalder 1in a position to generate optimum measures of
a?gular momentum {(Hr) and kinetic energy (T)’ in the down
swing. The maximizing of these variables in the down swing
was necessary for achieving maximum amplitude in the ‘up

swing.

Throughout the Stalder performance JM displaced the
upper extremities through 1.47 radians (84.22 degrees) of
exfension ét the shouldeé. Chaﬁge in hip angles measured
3.03 radians (173.61 degrees) of displacement of the lower
extremities to ~the trunk. Considering 180 degrees as full

shoulder extension and hip flexion, 7in th1s action,A JM

. W{*

utilized 478 of the total range Of matdon 1n’shpulder %i

extension and 96% of the total - range ‘of
flexion throughout the A‘Sklll ﬁerﬁormance.
extension was contlnuous from ghe begznnlng oﬁ the s

the completion of the stradd&e-ln actlon (Phases b and 2);'>

(Fig. 7). The position of theapgpgr extremlty to the trunk‘v

Y

var ied sllghtly in both flexlon ﬁ:g exten51cn throughout the
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entire bottoming action. Continual shoulder flexion to the
final positionvdid not begin until the beginning of the
straddle—out action (Phase 6). Flexioh* of the lower
extremlty to the trunk was continuous throughout the entire
down swing and remained Lomewhat constant as JM passed below

the high bar (Phase 4).' Extension of the lower extremities

at - the hip was continualfthroughout the up swing to .the
final position. The rates of change of shoulder>extension
and hip flexiongare illuatrated in Figure 8, an angle)angie
diagraﬁ. Dlsplacement of the lower extremlty occurred to a
much greater extent than that of the upper extremlty. The
starting and ending ‘positions were similar with shoulder
fflexion being somewhat less at the completion of the Stalder
than at the beginning, butvhandstanu positions indicated‘ by

near maxim?m shoulder flexion and hip extension were shown.

| Changes 'in shoulder and hip angles directly affected
the’radius of rotation °F*$he gymnaSthabdut- the rail and,
‘therefore; affected the'ngment of inertia (Ir). The changes
in the moment oOf inertia follow .the general pattern of
’ changes in body p051t10n throughout the skill (Flg 9). The
vaj;;kbﬁ the moment of 1nert1a atjzhe outset of the_ skill ’
when JM was in a handstand poa;::§; was 27. 13 Kg m2. Moment
of inertxa (Ir) decreased through the down sw1ng as JM
per formed the straddle—in. to - achieve . an 1nverted dorsal
hang.  The shortening of the radius of rotation caused a

decrease in the monent of inertia (Ir) to 13.19 Rg.m2 at the
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Figure 8. BAngle/Angle Diagram in Radians of Shoulder
- Extension and Hip Flexion far Subject JM.
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Figure 9. Moments of Inertia (Ir) for Subject JM.
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end of the rock back.’ Through the boﬁtom swing the moment
of inertia increased slightly to approximately 17.00‘ Kg.m2.
This increase in'the moment of inertia can be attributed to
gravity pulling downward on the subject at the point of the
greatest angular momentum, and causing some flexion of the
upper extremities at-the shouiders and enhancing the action
of flexion at the hips. Throughout the up swing and the
stréddle-out action JM worked to return to a handstand
position. At the final position J@'s position showed 169.77
degrees of | shoulder flexion and 16.85 -degrees of
- hypere%tengion of the lower extremity at the hip (Fig. 1lv).
This " position caused the moment of inertia to increase to a
final measure of 27.61Kg.m2. The mean measure for ' the
moments of inertia for the seven phases of skill execution
age contained in Table 6.

Table 6. Mean Measures of the Moment of Inertia (Ir) in
Kg.m2 for All Phases of-Skill Execution for Subject JIM

PHASE 1 2 -3 -4 5 6 7

XIr 21.66 13.77 14.18 17.03 15.86,N;4.43 16.65
——————————————————————————————————————————— r;‘: —— . —————— — — ————
__________________________________________ JF:________-__-__
i
(‘\\vw

Changes in moment of inertia (Ir) were aCCéﬂpanied  by

changes in the moments of inertia of the body about its own

center of mass (Fig. 10). These patterns arefvefy similagQ

The values for the mean moment of inertia (Icm)'fot ail

phases of skill executioh presénted in Table 7 show that

following the initial st¥addle-in until the beginning of the

Ry

4 e
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straddle-out JM maintain a fairly constant body position

(XIcm = 1.15Kg.m2). Comparison of the changes in shoulder

angles to changes in the moment of inertia (Ir) show nearly
identical patterns. Changes in the radius. of rotation of .

the gymnast about the rail was most affected by the amount

of shoulder extension occurring. This had a strong effect

on the moment of inerti (Ir) as well as the moment of

inertia (Icm). The body positions displayed by JM were such
that the hips were always further from the rail than were
the shoulders. The moment of inertia (Icm) was not at the
minimum poténtially available to JM. Greater measures of
moment of inertig (Ir) and moment of inertia (;ém)

contributed toward achieving .optimum measures of angular
i) N

momentum (Hr) and kinetic energy (T).

Table 7. Meaﬁ Measures of Mbments of Inertia (Icm)
in Kg.m2 for all Phases of Skill Execution For Subject JIM

e ey e e —— T —————— — i — ———— T —— ——— i — i, o — " — " " —

A e e o e e e . ) ——— = — i — — —— " S e —— —— o v —

The mean averages for moment of inertia (Icm) for

Phases 1 (2.90Kg.m2) and 7 (1.89Kg.m2) appear dgreater than

\ are\\the a¢tual differences at the start and ending of the

-\
Staldéf. At the initial highest cast -position JM had an

vﬁe gtalder this variable measured 4.26Kg.m2. The
\ . '

dlfgerences the ayerages of the two phases can be
‘ : ‘ A

\\m\ment\\?f 1nert1a (Icm) of 4.13Kg.m2 and at the completlon,

'R
v
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attributed the flexion of the arms at %ffe shoulders

preceding th xtension of the 1legs at the hips in the

straddle-out.  The greater mass of the legs, held in a

flexed position would not éffect a large -change in the

moment of inertia (Icm) until extension occurred later in-
f 2

the~straddle-out.

,“g} The performance technique displayed by AD produced
different upper extremity actions, but very similaf lower
extremity actions to JM's pérformance. At the 1initial
highest cast ~ position AD had achieved 1.04 radians (59.63

degrées) of flexion at the shoulders and 3.76 radians
N . v & N
(176.24 degrees) of extension at the hips. Figure 2a

illustrates the internal and external amplitude displayed by

S

AD at the first énalyzed frame. This iposition' produced a

moment of inertia (Ir) of 7.21 Kg.m2, a moment oﬁ‘inértia

\ (Icm) of 1.85 Kg.m2 and a measure of gravitational potential

\
\
\

\ energy'of'217.97J.' Rapid shoulder :flexion following the

\\initial cast position caused the center of mass to be raised
\ : _
gnd along with an increase in the shoulder .angle produced an
\ - . - . . N
increase in the measure of the moment of inertia (Ir) to

‘o

Throughout  the Stalder, AD displaced the upper

. " .
extremity through 2.08 radians (119.17 degrees) of shoulder
extension ‘This ﬁrepresented 66% of the possible range of

motion to hieve full shoulder extension. The changé' in

L]



59

hip angle was through 3.06 radians »(175.33 degrees) of
flexion or 97% Qf the possible range of motion for the lower
extremity.  The changes in shoulder and hip anglés
throughout thé Stalder performance;by AD are illustréted in
Figure 1l1. Foll®Bwing the initial rapid shoulder flexion at
ﬁhe :beginning of thg Stalder, AD performed cogtinual
éhoulder extension throughout the entire dan SWing and as
she passed below the rail to a minimum shoulder angle of
36.91 degrees. Shoulder flexion was performed 'throughout
the entire up swing to a shoulder angle of 173.80 degreeé at
the final positionl This measure was 114.17 dégrees greater
than the shoulder flexion at the.initial highest cast at the
beginning of the skill. AD achieved maximum hip extension
£35.51 degrees of hyperextensioJ‘ prior to maximum shou;defﬁ;
flexion at the Eompleéionréf the skill. This is the reverse
pattern for JM. | | )

The angle/angle diagram of AD's joint actions shows
‘rapid hip flexion accompanied by rapid shoulder extension in
the down ‘swing (Fiq% 12). The up swing is charaéteriéed by
rapid hip extension followed by shoqlder flexion to the
final position, The completion of the performance was to a
position much closer to a handstand than was the initial
position. Thé moment of inertia (Ir) measured at the final
extended position was 12.89 Kg.m2. The final position of

“~

the Stalder for AD is&illustiated in Figure 2v.

&
i .
‘ b
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The measures of moment of ‘inertia (Ir) (Fig. 13)
throughout the skill very closely followed the changes in
shoulder angles. The initial highest cast position (7.21
Ké.mZ) was followed by an increase ip shoulder flexion which
increased the radius of rotation,/of the gymnast, and,
therefore, caused the moment of inertia to increase to
10.19Kg.m2, The down swing Qas characterized by a decrgase
in the moment of inertia (Ir) to 3.10Kg.m2 at thegend of the
straddle-in acfion. Through the bottom swing the moment of
inertia increased slightly t644.61 Kg.m2 as gravity enhanced
hip flexion by causingithe leés to be drawn closer to the
trﬁnk and the body rotatééf through increased shoulder
extgxgion to a position in whiéh the legs and shoulders were
dropped below the hips thus 1lengthening .the radius of

rotation.

As AD worked 'to return to handstand position at the
completion of the skill, the moment of inert%a increased - to
a final mgasure of 12.8§Kg.m2. The mean Tfasures_of'moment
of inertia (Ir) for the sévqu?hases of skili execution are

presented in Table 8.

‘Table 8. Mean Moments of Inertia (Ir) in Kg.m2 for AD

—— . - — ———— - — ——— T ——— — " Y — G —— . - — ——— - —— U —— N~ ——— " - — ———— —

—— . — - ———— T - ————— . i — —— — —— — ———— —— — —— ————— —— —— — — o  ———

Changes in the moment of inertia (Icm) for AD followed
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Figure 13. Moments of Inertia (Ir) for Subject AD.
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fox the moment of“inegtia (Ir) (Fig; 14). Due
§ ""I*‘ \'ﬂ*&”& h \ 'y 1
to the larger measures" %?Wéhouldet gxren81on found for AD
L B WEL
«throughout the . skill, the ;ﬁadfus of otataon of her body
Yo “ ; :

about its own center of mass was‘' qu1te‘ smalk .5 Once they

straddle-in action was accompllshed* very 1i§tle change~;n
AR . % o “‘“ *

the moment of inertla about the center of, mass% {x =

«53Kg.m2) occurred as displayed in Table 9. Fromrmh% amount'
- 1 !
of shoulder extension performed AD was ' in a@positlon

<

throughout most of the Stalder in which her hlps were closer
to the rail than were her shoulders. This position enhanced
rotation of the body about its own center of mass and kept

- the moment of inertia (Icm) small.

Table 9. Mean Measures of Moment of Inertia (Icm)
in Kg.m2 for all Phases of Skill Execution for Subject AD

G D T S . S D s e e M — D D - - — - ———— — —- — - — —— G G} Y —— VS SN TER e e e B et T - - —

S e G e e > S Gy . . T W, S A8 TR Gan aS S — ——— — — — — — — o T — — — . s S S - —— — W- s —— o — — —

D T . " S ol ek iy O A > P ) R N — — T — — " ———— — —— " i — — — D S EAS R M S N ems o Sl S s S G W

T D D ek S S T iy T - T — M — T f— — T — S " S —— s —— —  — — — " W — d— — N " s T — —— G — " G — > S aan ——

Angular Velocity and Angular Momentum

Gravity acting on the gymnast provided the force which
caused the gymnast to circle the rail. Due to the downward
‘acceleration produced by gravity the angular ;eloqity and
the angular momentum of the centér of mass increased throogh
the_down UEWing_ and 'decreased throughout the ﬁp‘ swing.
Amplitudé in body position, producing a large r;dius of

"rotation, was needed to maximize these variables.
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JM had an average angular velocity of 2.50 rads/sec
throughbut the entire Stalder. Her average veloCity on the
dqnn swing‘ was 1.81 rads/sec and her average angular

L4 ;
velocity for the up "swing was 3.89 rads/sec. The great

'angular momentum produced in the down sw1ng enabled JM, by

man1pulating her body posltions, thus changing the body's

moment of inertia, z:ﬂtiZE’QEFater angular velodity in the
up 'swing than in down swing to conseSVe angular*

momentum. The changes in angular velocity produced in the
) perfornance of this Staldetr are illustrated in Figure’ 15.
Fi&hrb_ 16 is a plot of the smoothed data curve for angular

veloc1ty with respect to the average means ‘for the phases of

executlon.r Angular velocity data for ;all trials are
presented in Thble 10. Angular‘ velocity increased
thr0ughout the down swing. Through‘ the bottom and up

éwings,,two decreases folléwed by”rapid increases‘in,angular
veloclty occurred. Borh of these decreases were aecompanied
by increasés in the moment of inertla'(Fig. 17). Changes in
shoulder - exteneion, showed - that .some,.sﬁoulder flexion.
otéurred at frame 12, thus increasing the radius efAretation
and, therefore, the moment og inertia. The second drop in
angular velocity occurred at frame 17. Again an increase‘in
the moment of 1nert1a, caused» by exreneion”éfdphe lower
extremity‘at the hips,to‘initiate_the stradéle out, causeé-a
drop inf,angular velocity ild conserve angular‘ momentum.
Changes in , body 'positions immediately( following‘ the ‘K-
inCreases in monents of inertia caused a shortening of the

»



Angular Velocity
© (rads/sec) ;o
T T |
S . %
6 T —
U — ) ip;_ —*
. vf,‘ ‘ ‘g:;,‘_;' .

N Of’f A : : . > 3 (secs)
L T

s _ o

lFig\ure 15.. Angular Velocity (y'r) for Subject JM



68

Angular Velocity -
(rads/sec)

L A R R

5 =

Phases

-
L
=l

] . . 77
" Figure 16. Smoothed Angular ‘Velocity (Wr) Curve for
Phases of Execution for Subject JM. -

] \



69

J—
]
]
=TT (secs)
1 2 3

t of Inertia (Q) Angular Velocity ([J) ‘

<

Figure 17. Relationship Between Angular Velocity (Wr)
and Moments of Inertia (Ir) for Subject JM.
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radius of fotation, thus decreasing the mbment of inertia
with a consequential indrease)in angular velocity. This
second inérease in angular velocity occurred as JM passed
the high bar on the up swing. Gradual decrease in the
angular velocity occurred throughout the straddle-out phase
as gravity acted against the gymnast and as the moment of
inertia increased to slow rotation as JM extended to.the
final hamdstgndlposition. Between the final two frames JM

had an angular velocity of .8rads/3ec'(45 degrees/sec).

Table 10. Angular Velocity Data For Total Swing,
Down Swing and Up Swing in Radians/Second

e e o e e e e S —  — — — —— — T~ — o —— ) " " i . G e o s . e T = S S e e e ——— - ——

ALH&@RIALS GROUP I ' GROUP 1V
-
TOTAL SKILL : :
RANGE 1.92 - 2.91 2.43 - 2.91 1.92 - 2.68
MEAN. A 2.51 ' 2.64 2.39
'S .DY \ .60 : £ .02, . .08
. . 4 ,

DOWN SWING @ _
RANGE it ~ 1.51,- 2.54 1.73 - 2.54 - 1.64 - 2.23
MEAN R 5] 2.16 1.95
S.D. . .07 | -~ .08 : -06%
> . & T W .

““UP SWING 4_ “ ) o y
RANGE 2.19 - 3.90 3.01 - %.89 2.19, - j’%&
MEAN 3.18 3.33 2.93

. 8.D. ‘ .16 s W12 s .15
. - _®

The »ang&iar momentum &generated throughout the down
swing had to be sufficient to insure—ample éngular momentum
im the up swing whilevgravity acted in the opposite line of
direction to the 'desiréﬁ /mdmement. Changes in angular
momentum thfqughout the Stalder for JM are illustratéd in

3
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Figure ¥§: Due \to the forcé\of gravity pulling the gymnast
downward, ghe angu\ r momentum increased along  wdth . the

angular velocity in\¢ e down swing even though the moment of

inertia was decreasing at this time. The makimum measure of

\ O\
angular momentum reache

123.95Kg.m2/s as JM passed below
the hlgh bar on tﬁe bottoq ‘w1ng. Drops in angugir momentum
blmmedlately precedrng .ahé\ following this measure
lcorresponded to the drops 1h\angular velocity occurrlng at
the beginning of the bottom swxegQ\\ onset ofy the

straddle—out action (Fig. 19).

The force generatLd doyhw: :f‘f‘ inst the rail as JM

passed below the bar and as’ %

%

were at their maximum was N. This

- e ‘ -~ e .' - \
4% measure is gek t to 1 99 tlmes JM' igh: (Kg) .

Attempting * ntrol forces nearly twice\s\ normally .

* body could have produced an\ entric
. s & a o \
contraction® in® the shoulder® extensor muscles c5h51

acting on' @

the

\
N

increased shoulder flexion measured through Phase 4> w q\\

affected "the moment of inertia, angular ve10c1ty a

therefore, the angular®®fentum. = = \

0y ’ \ \

As JM rotated about the rail changes in body position

7 ) \\

caused changes in the angular velocity of her own body about
ggq'its center of mass.. These changes are 1llustrated in Figure
‘.7m20. ! Angoia; velocity about the center of mass was low
throu out the - straddle-in action (Wcm: Phase 1=5.71

rads/sec%,due to the slow straddling in of the legs and the

I i . ’ ) . .
% : | ‘
. : .

S
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.Figure 18. Angular‘Momentum'(HI) for Subject JIM, #J8% .
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for Subject JIM.
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small amount of shoulder extensioh performed in this phase.
The rock back action caused by more rapid shoulder extension
and hip flexion showed an increase in thé angular velocity
about the center of mass. There was a large drop in angular
velocity (Wcm)' (18.15 rads/sec to 4.62 rads/sec)
. accompanying the increase in"shoulder angie that occurred as
JM passed below the high bar (Fig. 1li-p). The eccentric
contraction caused by gravity and the ddwnward fogce Qf,the
gymnast's body at fhis point acted and placed the extensor
muscles on forced stretch. As a ftretched muscle can
contract more forcefully, shoulder éxteqﬁﬁon could be more
easily ‘performed‘ at this point even though th? action was
against fhe pull of gravity. Sho;lder ektension ,pérformed
to reduce the radius of &otatiqd?thus decreaée'the moment o?-
inertia (Ir) and increase the angular velocity (Wr) also
causeg the greatest measure of angular- veiocity (Wem) at
26.75‘ rads/sec noted in the Staider. As JM extended to tﬁé
final position, the angular'velocity (ng) dropped rapidly»

¥ s

R - “ v ,\
to a low measure of -2.94 rads/sec. The andular momengum
- oo gt

Fd

about the center of mass (Fig. 21) followed a 'vefy“\similaf
o, . .

pattern to that of the angular velocity (Wcm). Because the
Ymoment of inertia (Icm) varied very little"throdghout‘ the
skill, changes in the angular velocity (Wcm) were

" responsible for the c@anges in the angular momentum (Hcm).

. The amount of angular momentum (Hcm) at the beginning.

A1

(1.44 Kg.m2/s) and the end (.09 Kg.m2/s) of the skill were

'Y .
quite small. This indicates that changes in body position

~

R
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were at a minimum. Similar patterns in the angular momentum i
(Hr) and the angular momentum (Hcm) existed indicating that
changes about the center of mass and the rail for both.
“moments of inertia ang angular velocity Werelsimilar (Fig.
22). Although there was very little rotation of the body
about the center of mass at the end of tne skill, the
angular momentum (Hr) meaaured_'18.64Kg.m2/s ‘between the
final two frames. This shows that JM had generated
sufficient angular momentum in the down swing to "have a
large angular momentum (Hr) at the completion of the skill,
thus allowing the continued rotation about the rail after

the gymnast had attained an extended hbody position.

AD ‘performed the Stalder ‘with greater measures of
angular velocity about the rail for the total skill and all
phases (except the straddle-in action of Phase 1) than JM.
%Q had an average angular velocity (Wr) of 2.65 rads/sec for
'tne total skill, 2.23 rads/sec for the down swing and 3.03
rads/sec of angular ve1001ty for the up sw1ng The pattern
of angular velocity (Wr) showed a period of negative. angular
veloc1ty during the beginning of the straddle—ln action as
AD <rotated through the reverse line of direction of Stalder
actlon (Fig. 23). Positive ang¥ar velocity (Wr) bégan at
.54 Seconds " into tne skill and increased to 7.06 rads/éec

/just prior to the bottom swing. The .drop in angular
v¢1001ty (Wr) noted in'Jﬁ's*perfnrmance as she passed below
| the rail was duplicated in AD's performance ' Figure 24 is a

smoothed data curve for the mean values of angular veloc1ty
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Figqure 22. Relationship Between Anygulat Momentum (Hr) and
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(We) for the SeQen phases of. the Stalqér. AD showed a

¢

single point of decreased angular velocity (Wr) at frame 12.-

iAngular‘velocity (ﬁr):drbppédmffom 7.06 ﬁrads/sec to 4.96
rads/gec 4as‘sﬁ;*passed'below the rail in Phase 4. ‘Tﬁis was
'accompanied by an increase in.the ﬁbment of inertia (Ir)
(Fig. 25). Throughoﬁtl£he bottom swing and the first part

of the up éhing AD's anguiar velocity (Wr) increased to 8.32

rads/seé before drdpping steadily through the final phase of

the straddle-out. As AD completed the straddle-out action,
her angular ‘velocity (Wr) ﬁeasured .1 rads/sec. indicating a

rapid decréasé’in angular velocity during the up Swing.’
B 2 L ) :

The ﬁgtﬁern af changes in angular Momentum er)
followed,CIOSely fhe'changes noted the angular velocity (Wr)
(Fig. 26).‘ A negative‘meaéﬁre of angular momentum (Hr) was
producéd "due the negative angular velocity at thé'beginning
of theistraddle—in‘aét%on.: Angular momentum (Hr) increased
from the point \gf ‘positive displacement Qf the center of
mass through the down swing except for a dropbin the middle
of - the straddie—iﬁ action. AD performed,the action with a
rapid:éxtension of the upper extfemity at the shoulders and
a rapid flexion of the,lo&er extremity to the trunk at fhe
hips ét the .béginning of the straddle-in. These body
position chahges caused a  change in- the center of mass
within the’body thch produced a ‘slight decrease in the
moment of.ine:tia (Ir) and a larger drop in ahghlar velocity
(Wr) to: produce a drop in the'anguiar momentum (Hr) at that

point (Figure 27). Angular momentum (Hr) increased to a -
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L 4

maximum of 50.83-Kg.m2/s just prior to phé bottom swing. A
large drop in angdlar momentum (Hr) from 50.83 Kg.m2/s to
25.?1 Kg.m2/s occurred -as AD began the bottom'swing. An
increase in the moment<of inertia (Ir) caused this drop in
angular'momentum (Hr)ﬁ In. the performapce by AD, the change
in' the moment pf inertia (Ir) was caused Qy'é continuation
of shoulder extension whiech cauéed the body - to further
rotate about' itself. This caused .the legs to drop which
droﬁpea‘the center of mass and caused an increase in the

radius of rotation.

)

Angular = momentum (Hr) dropped off at a rate so great#:w
that AD had a negativé measure of angqular momenté%m (Hr) \\
between the final two analyzed positions (Hr=—¢06Kg.m2/§). ’
This indiéates that the angﬁlar moméntum (Hf) 'éenefated’ in
the down. swiﬁg was insufficient to overcome the‘downwardo
pull of gravity in tﬁe up‘swing and caused AD to begin to
fall back down thé up swinq side of the réil at the

completion of the skill.

The force generated downward against the rail as AD
passed below it was at a maximum for the skill and measured
281.86N: This was equivalent to 1.07 times AD's weight
(Kg) . The angular ?pméntum (Hr) generated in the down swing
was, the;efore, great enough only to produce a force
"Slightly_greater than AD could produce be simply hanging
from the rail. Although this shall amount of force could be

controlled more easily by the gymnast, it indicated that

LN

i
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sufficient angular momentum to overcome the downward pd}l of
gravity throughout the entire up swing was most likely not
present. This result is concluded frop the fact the AD had
a negative measure of angular momeptum (Hr) at the

¢

conclusion of the skill.
[ ]

Measures of anqular ve]o@’?y (Wem) for AD were quite
[
varied throughout the- ey Lﬁtf~f_51x decreases in angqular

veloc1ty/4(Wcm) occugﬁtd A‘é&gaeang that body positions
changed frequently throughout the skill  (Fig. 28). The
greater measures of shoulder extension recorded for AD)
caused dgreater rotation of the body about its own center of
mass. These greater displacements contributed to higher
m%asures of angular velocity (Wem). At two points\in the
Stalder: (1) near the completion qf»the straddle-in action
'(—23.26 rads/sec) and (2) near theb eompletion‘ of the
_straddle-out action (-12.04 rads/sec), changes in the
displacement of the body parts about the center of masa were
negative ‘ indidating extreme changes in: body position
oppqsite to those desired for .Stalder performance and
producing negative values of angular velocity (Wecm) (Fig.
2i~-p). The angular velocity (Wcm). was negative -for the-
majority ‘'of the straddle-out acfion. This was caused due to
the ‘extreme hyperextension of the legs and back and flexion
‘then extension of the upper extremity at the elbows, This
Qork was perfermed by AD to compensate for the lack of

angular momentum (Hr) and to aid in achieving the final

position.
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Changes in the aﬁgglgf momentum (Hem) followed closely
the changes occufring ;n the angular velocity (Wem) (Fiqg.
29). = Recause the moment of inertija (Icm) varied only
slightly, this effect on the angular momentum (acmf was only
during the straﬂdle—in and straddle—ou£ .acti0ns when the
moment of inertia (Icm) changes were théir greatest The

N
changes in the angular momentum (Hcm) at tﬁe\ beginning
(-9.08 Kg.m2/s) and at the end (-2.06 Kg.m2/s) ofxfhe skill
were .large and negative indicating that chan%gs ig‘\body

L ’
position were ektensive at these points. Due to Ehg
negative measures of both the angular momentum (Hr) and the\
anghlar momentum (Hcm) at the end of the skill AD had to
perform work to adjust the body position to attain the final
extended position above the rail as there was no angular
momentum (Hr)‘ in the direction of the gtalder to carry‘the

gymnast to a position above the rail (Fig. 30).
Enerqgy

'~ The extended handstand position attained by JM "at the
beginning of the Stalder put her into a position to
éotentially produce the greatest amount of angular momentum
possible in the down swing.f This position, as well,
produced a large measure of gravitational potential energy
which would allow the generation of large amounts of kinetic

energy (T) which could be utilized in the up.swing.



-4 l [ - Ti("!ics)
0 1 2 3

Angular Momentum (Hecm) ([J) Moment of lInertia (lecm) (O)

Angular Velocity‘ (Wem) (A)

Figure 29. Relationships Among Angular Momentum (Hcm) ,
Moments of Inertia (Icm), and Angular Velocity (Wcm)
: for Subject AD. :

89



90

Anqular Moment um

Koo
60 | |

50 :
10

30 -

20 N

10

| Time
2 3 .kﬁcm

Angular Marentum (Hr) (O) Angualr Mamentum (Ham) ([J)

Figure 30. Relationship Between Angular Momentum (Hr) and
Angular Momentum (Hcm) for Subject AD.



91

The location  of the center of mans of the body at Ity
lowest point in rotation about the rail was chosen as the
datum  line or zero point for measures of potential encrgy.
At the initial highest cast position a measure of potent tal
enerqgy  of 543,220 was  obtained for UM, A would be
ox;')octml, the measures of potential enerqgy dropped rapidly
through the down swing to a point of 0.00J of potential
enerqy as JM passed directly bhelow the rail. The mean
measure of potential enerqgy for Phase 4 was 4.70J (Fiq. 31).
This indicated that only small changes in potential enerqgy

~occurred as JM passed below the rail at the point “of
greatest downward acceleration, angular momentum and force
against the rail. The inverted dorsal hang position was
maintained at a fairly constant level. Throughout the up
- swing, the measures of potential energy 1increased to the
final position of 536.17J. The measures of potential enerqgy
at the start and the end of the Stalder were quite similar
indicating maximum utilization of energy and muscular work

performed in the skill.

The changes in total kinetic energy (T) (Fig. 32)
increased through the down swing and decreased through the
up swing in opposition to potential energy measures as would
be expected (Fig. 33). JM performed a very slow straddl;—in
action, keeping the body extended and minimizing the
increase in angular velocity (Wr), angular velocity (Wcm),

angular momentum (Hr) and angular momentum (Hcm) for as long

as possible. This action, although performed with an
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optimum moment of inertfg,'produéed 1ittle‘angular velbcity |
(Wr), therefore the.measures of kinetic enérgy (T)j‘were
small in the beginning of the\straddie—iﬁ action (0.47 -
48.20J). As. potential energ¥ decreased, kinetic eherg§ (T)
_increased throughout the down swing to a maximum énergy
value of 487.70J at exactly the point of zero potential
energy. . The difference between the maximum valﬁes of
potential eﬁergy and kinetic energy . (T) was approxfmately
55J. The difference betweén the amount of kinetic‘energy
(T) potentially possible tq produce and the amount actually
produced can be attributed to air resistahce ahd friction
forces between the hands and the rail retarding the action

of the gymnast.

The amount of kinetic energy decreased throughout the
up swing except for a slight increase at the beginning of
thé straddle-out actipn. The increase in kineticnenergy (T)
from 275.70J tq 334.005‘ corresponded to the increaség in
angular ‘Qelocity (Wr) and éngular momentum (Hr) which
occurred at this point. | Muscular work performed by the
gyﬁnast to shorten the radius of‘rotation through shoukderM
and hip flexion thus decreasing the moment of inertia and
incr;asing the angular velocity YWr)’coupled with the recoil
of the rail at this same point produced enough fofcem to
cause an increase 1in the kinetic energy (T) sufficient to
allow JM to swing to the final‘handstand\position. Bétween
thé/ final two frames ‘a me;sureﬁaf*kinetic energy (T)‘ofb

10.0J was ebtained. This energy measﬁ;e‘indicated that even
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though JM had completed the Stalder action, her body
possessed enough energy to continue circling the rail (Fig.

lp-v).

The; total kinetic energy of JM circling the rail was
computed by summing the measures of traﬁslationql and
rotational kinetic energy (Fig. 34). The changes in the
total kinetic energy (T) were. closely aligned with ‘thé
changes in the translationald%fnetic energy. These measures
were ‘obtéinéd by summing the horizontal and vertical
velocities of the segment centers of mass, times the segment
mass, about the rail (Fig. 35). Because JM ’showed little
changes in -body position betweén the‘ straddle-in azﬁ"
straddléfout actions, the measures of rotational kinetic
energy wére smaller by comparison (Fig. }6). The changes in
rotational kinetic energy were dgreatest in Phase 4 as JM
passed below the rail. . A sudden %Fcrease in rotational
kinetic energy followed by a iarge’increase in rotational
kineticcenergy to a maximum performance value of 126.00J
occurred 1in the bottoming action.v Gravity acting to pull
the Qymnast downward causing an increase in shoulder.flexion
would be responsible “for bthe drop in rotational kinetic .
energy. - The rapid shouider extension performed immediately
follbwing caused an increase in angular Qelocity.(Wr) which
aided in éompleting the up swing. This change in rotational
kinetic energ& Corresponds to the increase in ahgulaf
velocity (Wem). Small increases.in both rotational kinetic

energy and translational kinetic energy occurred at the
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beginning of the straddle-out action as occurred in the

kinetic energy (T).

Due to the performance technique of AD, the greatest
measure of potential energy prior to the down swing did not
occur at the initial highest cast position. Potential
energy measures‘rOSe from 217.91J to 255.87J as AD adjustéd
her body position to bring her center of mass above the rail

in the Stfaddle?in (Fig. 37). Once positive displacement
:began the potential energy measures dropped to a minimygm
measure of 0.00J as AD passed below the rail. Due to (z;e
continual shoulder extension and rotation of the body
performed by AD, the center of mass of her body reached its
lowest position in Phase 5 after the hips had passed below
the rail but ahead of the center of mass. The mean value of
potential energy for AD as her center of mass passed below
the rail was 9.48J. Throughout the up swing poteﬁtiai
energy increased to a final vélue of 274.83J3. This measure
is greater .than the initial measure of potential energy as
AD completed the Stalder near the handstand pésition, thus
increasing the height of her center of mass above the datum

line at the end of the skill.

The changes in kinetic energy (T) did not éompletely
follow an expected pattern (Fig. 38). Due to a negativé
angular velocity (Wr) at the beginning of the skill AD'é
. action produced a drop in kinetic energy (T) as her body -

rose in the initial part of the straddle-in action. As
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gravity caused AD to begin to displace the center of mass in
a positive direction the measures of kinetic energy (T)
increased through the remainder of the straddle-in. During
Phase 2, as AD passed the rail on the down swing, she
performed a rapid extension of the arms at the shoulders,
thus causing a great amount of rotation about her own center
of mass. The measure of rotational kinetic energy at this
point is at its second highest level for the total Stalder
at 178.20J (Fig. 39). There was a correspond}ng drop in the
‘translational kinetic energy at this point indicating that
the rotation caused a change in the center of mass which
would produce 1less downward displacement than expected as
well as change the horizontal path (Fig. 40). Measures fog
angular velocity (Wem) during Phase 2 show a large negative
measure (—23.26‘rads/sec) of angular velocity (Wcm) followed
by an increase in angular_yelocity (Wem) to 43.22 rads/sec.
These changes produced a drop in the kinetic energy (T) at
this point in the down swing. The remainder of* the down
swing produceé greater measures of kinetic energy (T) to a

maximum of 261.60J at the bottom of the swing (Fig. 41).

The maximum amount of kinetic energy (T) ‘broduced
(261.60J) was greater than the amount of potential energy
possegsed by AD at the beginning of the skill {255.877)
(Fig. 42). Because' potential energy is measured with
respect to vertical displacements primarily, and kinetic
energy (T) is affected by rotations of thé gymnast about her

own center of mass as well as the translational changes,
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.differeﬂces in | kinetic energy (T) due to large measures of
rotational kinetic energy, this difference can be explained.
The greater amount of kinetic energy (T) can be attributed
to ‘the very large measures of rotational kinetic energy
/} (157}80J5 obtained at tﬁe bottom of thé swing. Although a
\-ig9ii drop in translafional kinetic énergy occurred at.this
point, the amounts of rotational kinetic ene;éy were greater
through the entire bottom swing than the measures of
tranélational ’kinetié energy and had a strong effect oﬁ the
total kinetic energy of the system.  The measures of
translational kinetic energy and rotatiénal kinetic . energy
show that while AD rotated about the rail, the amount = oOf
rotational energy about her own center of mass was equal to
or'gfeater than thektggnslatiqnal kinetic energy. The small
measures of moment of inertia (If) produced by AD's
per formance were'not great enough to allow for large linear
velocities of the center of mass. These small horizontal
and vertica; velocities kept measureé of translational

kinetic energy small.

Measures of kinetid-energy (T) dropped off throughout
the up swing except for a slight gncrease in kinetic energy
(T) at the start of the straddle-out action. ‘The action
performed by AD to éid in her up swing was to forcefully
flex the upper extrehity at’the elbows. This method. of
shortening the radius of rotation, producéd the result of
decreasing the moment of inertia and thus increasing angular

velocity (Fig. 2p-v). The increase in kinetic energy (T),
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however, ‘was insufficient to'allow AD to swing to a final
'position. The final\measnre of rotational kinetic energy of
3.10J had to have been produced'through muscling .performed
by AD as éhe‘ measure of angular momentum (Hr) at the
Complet%on of the skill was -.80Kg.m2/s indicaﬁing a
negative measure of .angqular velocity (Wr) and a downward

displacement caused by gravity.

o

Deflections ofj the Rail :

The .action o the» gymnast circling the rail and
internal changes n the system by the gymnast aitering her
body position, coupled éo have'an affect on the raii itself.
The rail deflected in the direction of the applied load.
JBeing elastic in.ﬁéture, as a requirement of the F.I.G., the
rail returned to its original position when unloaded{. The
recoil action of elastic. properties are instantaneous as
loads are removed. The action of recoil couid have produced
enough force to enhance the angular velocity (Wf) of the
gymnast, and thus, all othef variables containing measures
of angular velocity (Wr) (i.e. angular momentum (Hr) and

kinetic energy XT)).

Figure 43 is an X Y plot of rail deflections for the
total Stalder for JM. The deflection pattern caused by JM's
performance indicated 1large horizontal deflections during

the down swing and up swing. However, the largest meas¢}e

L

of deflection was doynwapd; during the bottom swing. The

-

- large measures of horizontal and vertical velocity of the
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center of mass indicated by large measures of translational
kinetic energy contributed to the deflectiéns. The mean X,
Y, and linear rail deflections in all phases of the‘Stalder
performance for JM‘are listed ianable 11. Just prior to
the beginning of the bottoming action and throuéh Phasé 4
measures of X rail deflection decreased from 3.20cm to .4lcm
between frames 10 and 14. The recoil of the rail in the X
~ direction occurring at this point coupled with smali amounts
of recoil in the Y direction (3.91cm to 3.56 cm) at the
beginning of Phase 4 could have been a contributing factor
to the increase in angular velocity (Wr) occurring at this
point. The‘increaséd angular velocity (Wr) contributed to
an increase 1in aﬁgular momentum - (Hr) which provided JM
sufficient force to deflect the rail- in the X and Y
directions at the start of the up swing. Large decreases in
Y .deflections of the rail (4.34cm to 2.59cm) occurred
immediately prior to frame 17. It was at this point in the
up swing tha£~JM's second major increase in angular velocity
(Wr), angular momentum (Hir), and kinetic energy :(T)
occurred. Recoil of the rail primarily in the Y direction
upWafd enhanced the velocity and momentum of the swing. vThe
recoil, inward in the X direction, would also aid in
bringing JM to a position above the rail without the

necessity of elbow flexion or other muscling actions.
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"Table 11. Mean Measures of X, Y, and Linear Rail Deflectioné
in cm for all Phases of Skill Execution for Subject JM.

————————————————————— j. - o o e o " — - ——— — —— —— o o S i —— . — ———
PHASE X Y ’ LINEAR
1 ' .67 _ 2.91 . 3.02
2 7.42 5.11 9.03
3 \ 9.55 ‘ 5.18 ‘ 11.12
4 , 6.98 14.92 16.26
5 Y 5.52 14.70 15.70
6 12.05 9.18 15.14
7 7.39 6.51 10.11
Small measures in translational  kinetic energy

thrqughout the Stélder pefformance of AD were reflected in
thé small amounts of both X and Y rail deflections for the
skill. The amounts of angular velocity (Wr) and ‘kinetic
energy (T) Were small. ‘This indicates less force against
the rail to deflect it. The mean values of X, Y, and linear
rail deflec£ions for. all phases for AD are presented in
Table 12. Figure 44 is a plot of X and Y deflections of the
rail. Loads on the féil ‘suffiCieAt to produce much
deflection did not occur until the lower portion of the down
swing when angular velocity (Wr) and angular momentum (Hr)
were reaching maximum levels. X deflectioﬁs decreased from
2.88cm to .05cm through the bottomswing aha the start of the
up swing. This recoil proauced force to increase the
angular velocity (Wr) at this point. Continued increase in Y
deflection downward from .4lcm to 2.82 cm took plaée during
thisbphase, Recoil ofwthe rail in the Y direction upward
occurred just prior to the beginnihg of the straddle-out

action. This enhanced the angular velocity (Wr) at this
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point. Recoil of the rail in the X direction was small
tgrough the beginning of. the up swing. - Nét enough force was
produced by this rgcoil to aid AD in bringing her center of
mass gléser to the original position of the rail; Elbow
flexion performed by AD at this point in the up swiné was
"necessary to bring her body in toward the rail for the final
position. Initiation of the straddle—out action took ‘place
with the upward recoil of the rail for both JM and AD.

Table 12; Mean Measures of X, ¥, and Linear Rail Deflections .
in cm for all Phases of Skill Execution for AD.

_._—__________-._._..—__—_——_—_—.——._——._——_-—.—————.——-—-—_—_——____.__._.—

T T T o T o o o o T o e e e et e o it o o s s e e e . — — —— = et = o - — o e

PHASE X ' Y : LINEAR
1 ‘.61 4.33 4.37
2 : .29 5.31 5.38
3 1.91 4.80 5.70
4 7.11 1.88 7.36
5 4.91 4.37 7.83
6 4.30 5.63 | 7.11
7 3.03 4.84 5.99

T T T T T o o T T T e T o e e e e e e e e e et e et e e = . > =t 2 = = — o —— o

T o o T T o e o T e e e e e e e e e e e o e e et o e o e e e . . m o e o o o e e o

STATISTICAL ANALYSIS OF DATA

-All 14 subjects were‘ competitive lgymnasts. Subiject
participation in some level of competitive gymnastigs ranged
from 1.5 to 7 vyears (%=3.7 years).. Class I or Elite
competitive levels had been held over a range of one week to
five years (X=1.9 vyears). There were no _étatistically\
significant differences between the groups on the number of

years in competition or competitive classification.
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Judges Rankings and Performance Grouping

”

The ranking of ' filmed trials by the panel of expert
judges was carriea out to divide performances .into groups
for the purpose of subjécting the éata to a one way analysis
of wvariance. This stétistical treatment was used vto
determine if any signiéicant differences ,existed among
successful Stalder berfqrmances. The £rials were ranked
relative to one another aﬁd‘four groups were established by
equally dividing the 28 trials. There was strong conéensus
among thé judges as to which trials were the seven best and
seven poérest perf&rmances. They agreed that the middle
ranked performances were all fairly similar in execution,
therefore, there was less consistency in tge exact*rénking
order of the middle 14 trials than for the top and bottom
groups of seven. Trials which were eventually ;;nked in
either the excellent performance (Group I) or poorer
‘performanCe (Group 1IV) Qroups'were-ranked within a range of_
6.5 ranking positions by all the judges. The trials which
were eventually ranked in the middle two groups were.placed
in- an order Qithin a range of eight ranking positions by all
the judges. Table 13 displays the specific judges. rankiﬁgs
for all trials as they were viewed on the film. A multiple
correlation of R=+.610 between the final overéll ranking and
the total Jjudging panei Showed that there were strong
similarities among the individual judges rankihgs. All nine

judges had placed five of the top seven trials within'Group

I. Of the remaining two trials which were included in Group
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I by the overall ranking, eight 3judges ranked on trial
within the top seven with the remaining judge ranking that
trial eighth. The last trial ranked within Group I had five
judges place it within that group, three judges ranked it

eighth and one judge ranked it tenth overall.

For the poorer performances all nine judges placed the
two lowest trials in Group IV. Three other.trials ranked in
Group IV were placed'there origiqally by eight of the nine
panel members with the fihal judges rankiﬁg them 1low in
Group 1III. Two trials were ranked in Group IV by four and
six judges respectively with all other rankings occurring in

Group III.

The final ranking‘also indicated that,nine of the 14
subjects had both trials ranked within the same group.
Three of these subjects had both trials ranked in Group
'I. The remaining gymnast who had one trial in Group I had
her second‘trial ranked eighth overall. A similar situation
existed within Group IV, however the subject withi only one
trial raﬁked in Group IV had her second ﬁrial ranked
eighteenth overall. The ﬁrial numbers in rank order by each

judge and same-subject performanceé are .shown in Table 14.
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Table 13. Individual Judges Ranking of Viewed Trials.

T T o T T o e e e o e e e e e e e e e e e o = e et e e e ot e e e = —— - — — —— — o —

JUDGE # 1 2 3 4 5 6 7 8 9
TRIAL # YRANKING
ON FILM
1 12 12 10 11 9 14 7 8 9
2 27 24 28 22 24 25 21 25 25
3 24 25 26 23 23 24 18 26 23
4 26 27 27 25 26 23 27 24 24
5 28 28 24 28 28 26 24 28 28
6 11 13 15 12 10 21 15 9 11
7 4 3 5 3 6 6 5 5 1
8 25 22 22 21 27 27 22 23 27
9 23 21, 11 27 21 16 20 18 26
10 1 2 4 1 3 7 6 6 3
11 22 26 18 24 20 19 23 20 22
12 5 6 1 4 2 1 2 2 5
13 16 15 13 17 12 11 12 15 14
14 13 14 20 16 13 20 9 11 16
15 8 7 7 8 5 5 10 7 8
16 20 20 23 18 16 22 17 17 15
17 6 4 6 5 8 4 3 3 6
18 14 11 9 13 7 8 8 10 17
19 7 9 8 . 7 11 17 13 14 7
20 15 23 19 . 14 14 13 19 16 12
21 9 10 14 . 10 - 19 12 16 12- 10
22 19 19 21 20 18 15 25 21 20
23 18 18 16 19 17 18 26 19 19
24 21 17 25 26 25 28 28 27 21
25 10 8 12 9 15 9 11 13 13
26 17, 16 17 15 22 10 14 22 18
27 3 5 3 6 1 2 1 1 4

28 2 1 2 2 4 3 4 4 3

o e e e e o o o s . o o e o i i e e = o 2t = i S o e =~ —— - ——— —— o — ot o o
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Table 14. Trial Ranking By Judge According to Performance
Ranking With Final Overall Ranking, Groups and Same Subject
Performances Indicated

JUDGE # 1 2 3 4 5 6 7 8 9
- PERFORMANCE TRIAL # OVERALIL FINAL
RANKING ON FILM ‘ RANKING
(TRIAL #)
1 10 28 12 10 27 12 27 27 7 (28)
25]— 28 10 28 28 12 27 12 12 28 (27)
3 27 7 27 7 10 28 17 17 10 (10)
4 7 17 10 12 28 17 28 28 27 ¢ 7)
5 12 27 7 17 15 15 7 7 12 (17)
6 17 12 17 27 7 7 10 10 17 (15)
:3i— 19 15 15 19 18 10 1 15 19 (12)
15 25 19 15 17 18 18 1 15 (1)
21 19 18 25 1 25 14 & 1 (19)
10 25 21 1 21 6 26 15 18 21 (18)
11 6 18 9 1 19 13 25 14 & (25)
12 1 .1 25 6 13 21 13 21 20 (21)
13— 14 6 13 18 14 20 19 25 9t ¢ 6)
14—| 18 14 21 20 20 1 26 19 13 (13)
159 20 13 6 26 25 22 6 13 16 (14)
161 13 26 23 14 16 9 21 20 14 (20)
17 26 24 26 13 23 19 16 16 18 (26)
18}~« 23 23 11 16 22 23 3 9 29 (16)
19 22 22 20 23 21 11 20 23 23 (23)
20 16 16 14 22 14 14 9 11 29 (22)
214 | 24 9 22 8 9 6 2 22 24 ( 9)
22e—4 11 8 8 2 26 16 8 26 11 (11)
23 9 20 16 3 3 4 11 8 3 (3)
24 3 2 5 11 2 3 -5 4 g ( 8)
252}- 8 3 24 4 24 2 22 2 .o (24)
264 [| 4 11 "3 24 4 5 23 3 g ( 2)
27 2 4 4 9 8 '8 & 28¢8 g ( 4)
26— ‘5 5 2 5 5 24 24 .5 = ( 5)

——————_——_——_——_———_—-—_——_———————_——_—._——_——.—.————_—.—_—_—_———
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Subject-Specific variables

Although apparent differences existed between JM and AD
on the subject-specific variables of competitive levels and
anthropometric measures, these differences existed only
between the individual subjects. For the variables: total
years in competition, years as a Class I or higher gymnast,
age, height, mass, mean grip strength, upper extremity
length, trunk 1length, lower extremity length, active
shoulder flexibility and active hip flexibility the analysis
of variance indicated that there were no significant
differences between any of the groups on any of these
variables. Significant differences occurring between groups
in kinematic and kinetic variables cannot be attributed to

differences in mass or segment lengths. Appendix F contains

all the measurements for these variables for all subjects.
Statistical Analysis of Biomechanical Data

Temporal Data
4

The analysis of variance. showed that there were no
significant-differences between the grbups on time of the
total Stalder (X=2.48 seconds), time of the down swing (%=
1.36 seconds), or time of the up swing (§=1;12 seconds) .
lThe analysis of variancé on the temporal data for each of
the seven phases of skill performance showed that no
significant differences existed between the groups \for

Phases 1-6. The straddle—out action, Phase 7, however, was
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completed in significantly different amounts of time by
Groups T and 1V (3 F 26 = 3,37). sroup T trials, averagling
a straddle-out time of .74 seconds, performed this action in
significantly less time than the Group 1V trials (¥X=.96
seconds). The temporal data showing the difference bhetween
Group I and IV for Phase 7 is presented in Table 15.

Table 15. Temporal Data in Seconds for All Trials
in pPhase 7.

___._.__.-~_~__.—-—~_~_.-.._..-.._._..__—_‘___.....__._____Q_.—..Q_.~_.-._-._...—_._—_§_—-

ALL TRIALS GROUP I GROUP 1V
RANGE .57 - 1.40 .57 - .89 .83 - 1.40
MEAN .84 .74 .96
S.D. .15 .11 .20

_.._—.—_-—__.___.._.__—_._._g__.__._-—_—-__-.____._._______.._-_-—_-.—__——-Q_Q__s

__.....__-~_~_._...—__—__—_._____.—_.—__.-__-__-_...—__—._._-‘_—._——._—_.___‘..--..

Although there was ﬁot a significant difference between
the groups for the total time of the up swing, the
difference during Phase 7 may have contributed to the
significant correlation (r=+.383) obtained bd&tween the
overall ranking and the time of the up swing. This
correlation shows a positive relationship between the faster

‘up swing and the higher ranking trials.

‘ | ‘ t
Displacement of the Center of Mass about the Raill.

All 28 trials completed were successful Stalders.
There was no significant difference between the groups on
the total displacement of the center of mass about the rail

for the total skill. The difference between Phase 1
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‘displacement -for JM and AD was indicativeA9f4the difference
between tﬁeir respective grdups.&&l The position of the
vipitial' cast position contribused' to a significénf
,difference (3 F 26 =.6.3l) between Group I and Group IV on
the displacemen£ of the center of msss dufing Phase 1 or the
straddle-in action.  Group I averaged 1.26 rsdians (72.19
"~ degrees) of center of mass displacement .during Phase 1.
Group. IV . showed an‘ average displacement. of .92 radians
(52.71 degrees) of the center of msss fpr vthe same. bhaSe
(Fig.‘”45). The specific éiffegences‘between the groups ars
shown }n _Table 16. There "wers no | dlfferenies in

displacement of the center of mass for the remalnlng phases.

Tabie>16 Dlsplacement of the Center of Mass
In Radlans Durlng Phase 1.

C e e — —— " — D G ———— Ty —— — — — ———— — " —— . — . ———— . — i — - — T—> o P —— A —

ALL TRIALS - GROUP I 'u GROUP IV
RANGE .71 - 1.36 1.14 - 1.36 .71 - 1.20
MEAN 1 1.26 . .92

S.D. : , .30 .005 .04

— G i V- (—— T ———— — ——_——_— o ——— i o > — — — . — —— — S — . —— — - o —— — =

Articular\Displacéments:and Moments of Inertia

Differences noted in the performance techniqués of JM

. and AD respecting changes in hip and shoulder angles and the
‘ 1

consequential - changes in moments  of inertia  were
”» . . . N - »; ]
characteristic of the performances of "their respective

groups. The analysis‘ sf variance révealéd significaht

"differences in certain shoulder and hip angle displacements

-
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Figure 45. Frame by Frame Comparison of Body Positions
. for Subjects JM and AD During the Straddle~in (Phase 1).
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and in most meésures of moments of inertia for phases of
skill execution. The overall range of motion for kshoulder
extenéion was a significant difference in the performances
of the highést and lowest ranked groups (3 F 26 = 5,58).
vGroup' I. trials averagedv 1.40 radians'(80.00 Qegrees) of
shoulder extension while Group IV trials averaged 2.04
radians (116.80 degreeé) for the same action (Table 17).
The lower ranked trials demonstrated, on the average, 20%
. more shoulder extension than the performances ranked
highést. |

Table 17. Range of Motion of Shoulder Extension in
. Radians for the Total Stalder

T e e ey . A e e e T . G — — " o —— " — . —— — o o 4, S o o S e oo o o o S o

ALL TRIALS GROUP 1 GROUP 1V
RANGE ~1.10 - 2.33 1.10 - 2,10  1.70 - 2.28
MEAN | 1.68 140 2.04
S.D. .13 .12 .06

¢ TS e e i S e S ek  y y - S S s . = o o —— — T — s . - ——— - = = —— — i At oy S — —— " s T

S S | s e S i R b S e e e e e o S — - ——— — " S S T —— — —f —— " S ———

The Pearson Product ‘Moment Correlation showed the

variable of overall judges ranking to be most highly
corrplated with the overall change in shoulder angle
thro‘éhout the skill (r=+.664). A frame By,frame comparison
of the actual measures of shouldei‘extension displayed by IM -
., and WAD is presentéd in Figd}e 46. One’%iffereﬁce to be
noted is theAéxtreme variétidn at the beginning of the skill

in which JM had little change in shoulder angle while AD

performed rapid shoulder flexion then extension through the
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Figure 46. Frame By Frame Comparison of Shoulder:
Angles for Subjects JM and AD.
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straddle-in action. Another difference occurred as AD
demonstrated continual shoulder extension throughout the
entire down swing while JM maintained a fairly constant

shoulder angle thﬁoughout the bottom swing.

"Analysis of the individual parts of the skill revealed
significant 'differences in the améunt of shoulder extension
perfdrmed in ali phéses.” Displayed in Table 18 are the mean
measures of shoulder angles for both groups in all phases.
Group v had greater amounts .of shoulder extension,
Lthérefore, the shoqlaer angles ‘are smaller.

Table 18¢. Mean.Shoulder Angles in Degrees for Group I
And Group IV For All Phases of Skill Execution

T o e e T e s o e e it e ey . 2 > e = ot = — —— — —— i — —— —— — = ———— —

PHASE  *- “GROUP I GROUP IV . F*
1 169.21 146.49 4.91
2 122.43 . 85.67 , 22.31
3 1I9.38 79.01 20.93
4 111.26 62.39 16.68
5 109.82 _ 60.56 16.51
6 101.38 54.86 14.58
7 127.10 . 96.88 9.37

- e S T S S e e T i i e e T T e e e e S o " ———— —— —— — i — o 2 ——— —— o —_ " S . —— - —

T S S S e e e e e e T e S G e D e M S = —— T — T T — ] — — — " m— T — " — " — ——— -

The actual change in shoulder angle occurring within
each phase‘~was ﬂdifferent in only Phase 7 (1 F 12'= 17.97)
the straddib-out action. Group IV had an average change in
shoulder angle of 128.22 degrees. Group I had an’averaée
change éf 74.91 degrees for this phase. Group‘ I trials
showed y a position of less shoulder extension throughout the-

Stalder and had Tess shoulder flexion to peffdrm to achieve
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a handstand position than did Group IV trials, so this

~difference was not unexpected.

Although the patterns of hip flexion between JM and AD
were quite similar (Fig. 47), the total range of hip flexion
occurfing throughout the skill also represented a
significant difference between the highest and léwest rénked
groups (3 F 26 % 3.74) . The trials in Group I showed
greater overall hip flexion than did Group IV trials (Table
19). On the average, Group I trials actually utilized more
than 180 qegrées (X=182 degféesy of hip flexion while Group
IV trials averaged just under full flexion with a mean
vchange of 172 degrees. |

Table 19. Range of Motion of Hip Flexion
in Radians for. the Total Stalder

T T o o T e o e e e o e e s e o = o e ot o e o . ot s e s = = - — - —— o o —— —— .

ALL TRIALS GROUP I GROUP 1V
RANGE 2.71 - 3.52 3.02 - 3.40 2.71 - 3.17
MEAN T 3.12 3.18 3.01
S.D. .04 .02 .02

T T T T T e e e ot s T o e = " > o S " i ———— " —— — o oo

Fér the variables of moment oﬁ inertia (Ir) énd moment
of inertia (Icmj, the analyéis of variance revealed
fiénificant differences in many phaSeé of skill execution.

'As presented~previously,bthere were no differences between

the groups for the _variables of  mass, uppqr extremity

] : e
* length, lower extremity length or trunk length. As moments
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Figure 47. Frame By Frame Comparison of Hip
Angles for Subjects JM and AD.

L3
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of inertia Qere calculated to be the .Zmiri2, the actualh
position of the body, not the mass or 1length of the
individual segments, was respon51b1e for the differences in
the moment. of inertia (Ir) and the moment of inertia (Icm).
The significant differences in shoulder extension for all
phases of skill performance would be kesppnsible for the
differences in the radius of rotation about the rail of the
center of mass. Figure 48 is a frame by frame comparieOn of
the moment of inertia (Ir) for JM and AD. In most cases, JM
had a measured moment of inertia (Ir) three times as great
as AD. This difference was similaf_ to the difference
‘between the groups. The differences between Group I and
Group 1IV 'for the measures of moments of inertia about the
rail fo; Phases 1 - é are shown in Table 20. Only Phase 7
was not different in performance between the groups. The
majority of trials completed ‘the " stalder in a handstand.
pesition. This would be respon51ble for a 51m11ar1ty, not a

dlfference between Group I and Group IV

Table 20. Mean Measures of Moments of Inertia (Ir) in
Kg.m2 For Group I and Group IV in Phases 1 - 6

o — - o " — " —— —— . T —— — . o —— T —— —— . —— i ——— ———— — 40 = s e o A - G- A o —— —

S e e e T — —— v — T — - —— s ——— —————— " S i P ———— " — — T — — — o ——

PHASE GROUP I GROUP IV : F*
1 23.25 10.64 : 12.30
14.27 ' 5.94 17.63
3 13.95 © 6.18 ‘ 16.59
4 15.10 - 8.25 7.21
5 14.36 7.77 ‘ 8.86
6 14.21 7.76 8.41

- Dy it ot T o e Yy P AP i S S o T o T T B o — v —— i ———— ——r— T ——" o i — > Sy " —— T T — ——

. S oy i T " S . - — T —— " i — - _— A - i —— . i — A ——— A — o —— v - — —

e Sy - " " T e ST — A Ty ———— —— - ——— — —— - — — " —————_— —— ——— i — A tmp VR - = B o S -y s vy — o —
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Figure 48. Frame By Fraﬁe Compar ison of Moments of
Inertia (Ir) Between Subjects JM and AD.

129



130

Differences also occurred for the variable of moment of
inertia (Icm) in five of thé seven phases of skill
performance (Fig. 49). The greater amount of shoulder
extension performed by the trials in Group IV would be
responsible for decreasing the moment, of inertia (Icm). Oniy
Phases 6 and 7 showed no mean difference between the groups.
Phase 6 and Phase 7 make up the total straddle-out action;
All gymnasts would have performed various amounts of
shoulder flexion and hip extension throughout these phases
according to their individual techniques. The extension to
the final position, which in most cases' was close ‘to the
héndstand position, would have eliminated differences
between the groups during this action. The measures of
, momehf of inertia (Icm) for the different phases are

displayed in Table 21.

Table 21. Mean Measures of Moments of Inertia (Icm) in
Kg.m2 for Groups I and IV for Significantly Different Phases

e o o o T e e e G it s e S i 08 e et e o o = - - ——— — —— —— —— o - — s — — ———_— = —

PHASE ‘GROUP I _ GROUP IV F*
1 2.95 1.43 13.56
2 1.36 .89 " 4.75
3 1.23 .79. 5.63
4 ‘ 1.25 " .80 7.06
5 1.18 .75 6.73

____—_..___—____—_—--—____—___._.__-—_.——_——_——_———_———————_—_——_

———.._.__—.—._._—-_——_————__—_____.____..__—__—_——_—._‘_—_—_—_—_—_-_.._

Even though the straddle out action in Phase 7 .did not

show a diffeonce in the average moment of inertia (Ir)

A

between the groups, the moment:of inertia (Ir) for the final
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Figure 49. Frame By Frame Comparison of Moments of
Inertia (Icm) Between Subjects JM and AD.
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position did show a difference between the groups (1 F 12 =
5.36). Group I had an average moment of inertia (Ir) of
27.82 Kg.m2 while Group IV had an average moment of inertia
(Ir) of 15.58Kg.m2. The initial highest cast position
showed an even greater difference in the moment of inertia
(Ir) (1 F 12 = 18.98) with Group I trials averaging-a moment
of inertia (Ir) of 29.65Kg.m2 in a handstand position while
Group IV averaged 11.96Kg.m2 for the initial po;ition. In
mosﬁrcases,'less than handstand positions were attained.
DeQigtions from a proper position included hyperextension of
the lower extremities at the trunk anq at the lumbar region
of the back, and hyperflexion or insufficient flexion of the
upper extremit}es at the shoulder. All of these a?tions
would reduce the radius ° of fotgtion about the rail and

decrease the moment of inertia (Ir).
Angular Velocity and Angular Momentum

The performance differences among the -trials for the
measures of average angular velocity (Wr) for the total
skill (§=2.5I‘rads/éec), angular.velocity (Wr) for the down
swing (%=2.01 rads/sec), and angular velocity (Wr) for the
up swing (X=3.18 rads/sec) were not sufficient to. produce
differences _bétween the groups. However ﬁhe analysis of
variance indicated a significant difference between'Gr&up I
(X=1.28 rads/sec.) and Group IV (¥=.85 rads/sec.) on the
mean aggular velocity (Wr) during Phase 1 (3 F 26 = 5,59),

As no difference existed on the variable of time for this



t

133

phase, the difference indicated 1in' displacement of the
center of mass would have caused the difference in angular
velocity (Wr) to oqcur. The angular velocity (Wr) data for
Phase 1 specifically is shown in Table 22. The similarities
between JM\and AD for the angular velocity (Wr) for the

{

skill ére illustrated in Figure 50. Figuré 51 is a smoothed

data curve of the mean angular velocity (Wr) for the phases

of skill execution. Except for the extreme ends of the

skill and during the bottom swing, AD generated greater

measures of angular velocity (Wr) than did JM. These

" differences were representative of the groups with Group 1V

trials generating greater amounts of angular velocity (Wr)

than Group I trials in most phases.

Table 22. Average Angular Velocity in
Radians/Second During Phase 1.

I R S e e T e S e et s e S e S - —— —— —— - — T - ——— — G - = a8 = —— A - ————

ALL TRIALS GROUP I GROUP IV
RANGE .57 - 1.55 .96 - 1.55 .57 - 1.06
MEAN 1.05 1.28 .85
S.D. .06 .04 .03

TR R T SN AR SR ih o e i e e e e S e S - et ———— > _= . o ——— - > = o T — " —— . S —— —

Changes 1in the angular velocity (Wcm) were different

‘between the groups. During Phase 1, Group I had

significantly greater measures of angular velocity (Wem) -
than did Group IV (1 F 12 = 6.07). Through the rock back
(Phase 3), bottom swing (Phase 4) and the beginning of the

up swing (Phase ‘5), Cfoup IV showed significantly greater
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Figure 50. Frame By-Frame Comparison of Angular
Velocity (Wr) Between Subjects JM and AD.
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Figure 51. Phase By Phase Comparison of Angular
" Velocity (Wr) Between Subjects JM and AD.
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.measures of angular velocity (Wcm). Specific data for the

angular velocity (Wem) for these phases is presented in
Table 23. The action of continuous shoulder extension
throughout the entire down swing and Bottom swing
demonstraﬁed by AD was characte;isﬁic of the trials in—Grdu%
IV.  Theé ugreatér amount of shoulder extension by Group I&

. <
trials throughout the Stalder also would automatically cause

greater rotation about the center of mass. A comparison of

the changes in the angular velocity (Wem) between JM and AD

is iliustrated in Figure 52,

Table 23. Mean Medsures of Angular Velocity (Wem) in Radians
Second for Groups I and IV in Slgnlflcantly leferent Phases

———-—-——-——-—-—————————-————————-——————————————————————i——————

PHASE GROUP I " GROUP IV . P*
1 - 5.26 .53 6.07
3 18.22 27.77 - 5.84
4 16.80 . 26.84 5.99
5

~ 15.57 26.08 7.38

———.———_——._———.—.——_.-—_——_—__—_—_—_—_—_.—-—_—_——_—__-.__..._-.__——_.—

Group IV had, on tﬁe average, greater measures of

ﬂéngular' velocity (Wr) than did Group I, but these measures
were not 51gn1f1cantly greater. The dlfferences in moment
.of inertia (Ir) were 51gn1f1cant The combination of these

. variables produced dlfferences in the amount of angular

momentum (Hr) . . 'Group I had mgasUres of angular momentum
(Hr) averaging twice those of Group 1IV. These differences
\‘ SN

were significant in all phases of SRillvexecution. The

means and F values of angular momentum (Hr) for all phases
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Figuref§2. Frame By Frame Comparison of Angular
- Velocity (Wcm) Between Subjects JM and AD.
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are presented in; Table 24. Because only the measures of
moment of inertia (Ir) were significantly greater in Group I
than in Group 1V, it is possible to assume that this
variable caused the dlfferences in angular momentum (Hr) to
exist. The differences in shoulder extension between the
groups was most likely responsible for the differences in
the moment of inertia (Ir) angd, therefore, were also a
significant contribution to the differences occurring in the
angular momentum %Hr). In aimost evetry measure of angular

momentum (Hr),AJM Rroduced nearly three times the amount of

angular momentwﬁa thgn AD. Figure 53 is a frame by frame

ST

comparison of angular momentum (Hr) between JM and AD The

patterns are similar reflectlng the 51m11ar1t1es in patterns

v\

between Group I and Group 1IV.

© Table‘24 Mean Measures of Angular Momentum  (Hr)
in Kg.m2/s for Groups I and IV for Phases 1-7

PHASE GROUP I GROUP IV ' F*

1 31.32 6.45 52.26
2 ©77.78 42.36 ‘ 20.34
3 85.62 ~ 49.05 18.82¢
4 106.27 - 63.90 11.44
5 90.08 60.98 - 10.35
6 87.28 . 53.11 10.73
2

55.09 28.78 25.36

T e e e e e e e o e o o o ot o o e o i o s o o e e o e . St e s s e e o et T — —— —— —

The similarities in angular momentum (Hr) and angular
momentum (Hcm) for both JM and AD were also similar in their

L
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Figure 53. Frame By Frame Comparison of Angular
Momentum (Hr) Between Subjects JM and AD.



140

groups. Angular momentum' about the center of mass was
different between the two groups except during the bottom
:swing and the beginning of the up swing (Fig. 54). Group I
had greater measures of angular momentum (Hcm) in all phases
‘'except Phases 4, 5, and 6, where no differences existed..
The greater measures of "angular velocity (Wcm) produced by,
Group IV dﬁfing these phases probably were responsible for
no differences occurring here. The data \Showing the-
diffefe&ces between the groups oﬁ the variable of\\gngular

momentum (Hcm) is displayed in Table 25. h

Table 25. Mean Measures of Angular Momentum About the
Center of Mass. in Kg.m2/s for All D1fferent Phases

PHASE GROUP T GROUP 1V F*
1 9.97 "~ .88 36.59
2 24.92 17.84 11.37
3 21.51 18.89 5.53
7 5.72 2.31 7.38

T T o o S o T Tt o o e S e T U e e > = s e o e i - T~ —— " —— - " o o s o ot o — = > —

T T T o o T o o e e e s o s o o e s T e e s e e e > > = T —— ——— — > = o

Another difference between the performances of JM and
AD was the amount of force against the rail produced in- the
down swing as measured 1nd1rectly from cinematographic data.
JM  produced - more than twice the force against the railb
‘during the bottom swing. Differences betweeﬁ Group } and

Group IV for force against the rail when considered in

multiples of body weight were significant (3 F 26 = 3.64).

~ Group I trials were subjectqd to forces averaging 2.51 times

their»bddy weight (Kg) as they passed .below the rail.  Group

w
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Figure 54. Frame By-Frame Comparison of Angular
. Momentum (Hcm) Between Subjects JM and AD.
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IV trials averaged a force equaling 1.69 times their body
weight (Kg) during the bottom swing. The forces agalnst the
rall during Phase 4 are listed in Table 26.

Table 26. Force Against the Rail in Multlples
Of Body Weight During Phase 4..

 ALL TRIALS GROUP I GROUP IV
RANGE 1.07 - 3.30 1.99 - 3.30 1.07 - 2.05
MEAN 2.18 2.51 1.69

S.D. ' S .22 ! .17 .13

Deflections of the Rail

Overall deflections of the rail caused by various
forces in the Stalder were generally greater in X, Y, and
linear measures for Groupr than for Group IV. Measurements
of rail deflections at Phases 2, 4, and 6 (points in the
per formance when loads '  were primarily . horizontal or
vertical) were subject to the analysis of variance. A
significant difference; (3 F 26 = 10.34) in rail deflection
in the X directipndering Phase 2 was obtained. Group I
trials ‘produced' a horizontal deflection of the.rail to a
mean of 6.42cm. Group 1V tria}s averaged 1.70cm of X
deflection during Phase 2. | Gfoup IV trials had greater
measures of Y deflectlons than X deflectlons at this phase;
but these measures were not different between the groups.
There were differences.betwsen JM and AD in rail deflection

for the total Stalder (Fi§\<55). Patterns in their groups

were similar, with Group I trials showing greater overall

N &§?
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amplitude in rail deflections in X and Y directions.

Forces against the rail during Phase 4 were nearly
twice as great in Group I trials than in Group IV trials.
This load against the rail produced a difference in the
amount of rail deflection downward. Group I produced Y
direction deflection averaging 10.37cm  through Phase 4.
This measure was significantly greater than Group IV trials
(3 F 26 = 3.79) which averaged 4.73cm of rail deflection,

downward in Phase 4.
Energy

Thé highest positions of JM and AD at the start of the
Stalder produced potential energy meésufes of 543.22J and
322.87J respectively. The large difference between the two
performances is characteristic 6f tﬁe differences between
their groups (Fig. 56). The measures of potential energy
during Phase 1 préduced a significant difference between
Group I and Group IV (L F 12 = 5,.08). No other  differences
occurred 1n the down swing, but in the up swing in fhasés
5,6} and 7 the measures of potential energy”for Group I were
significantly greater than the same phase measurements for
Group Iv. The differences in potential energy for these
phases are presented in Table 27. These differences were
probably caused due to general body position Changeg. Group
I ¢trials shéwéd straight armé and greater overall amplitude
in the up swing. Group IV trials charactéristicélly showed

almosf full elbow flexion causing the body to move in toward
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Figure 56. Frame By Frame Comparis®® of Potential
Energy Between Subjects JM and AD.
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the rail rather than circling upward.

Table 27. Mean Measures of Potential Energy in Joules for
Groups I and IV for Significantly Different Phases

T T T s T M T s T e T s s e e e e e e Tt = s o e et S — " " — . = = - - - —— o —— ——

PHASE GROUP I GROUP 1V F*
1 499.08 357.08 5.08
5 | 21.97 9.67 8.12
6 166.94 92.53 | 11.10

T T T S M T i e e e e e e S e e s i Gt St i B s " iy o s ot o i e . G " —— — - ——— —— — —

T T S e SIS e £ Gy e e e e e i e s e e e S S = " o —— T~ — T > — —— o o e W o "o o o o — —

S Y 4 e e e et S e o e e e R e =t e T . e S - . — o —— i - o ——— - —— = - — — - — o — —

The differences in potential energy naturally led to
differences in kinetic energy (T) (Fig. 57). In all seven
phases of skill execution Group I had significantly greater
measures of kinetic energy (T) than Group 1IV. In most
phases Group‘ I had produced twice the emounte of kinetic
energy (T) than Group IV. The differences in the moment of
inertia. (Ir) were most 1likely responsible for these
differences. Even though Group IV ha ~ater measures of
anguiar _velocity (Wr) and angular velocity (Wem) than‘qgggg'
I, the differences in moment of inertia (Ir) and momenf“‘of
inertia (Icm) were great enough to produce differences in
the total kinetic energy measures (Table 28). The greater
medsures of moment of inertia (Ir) were most likely
responsible for the differences occurring in Phases 1—6;
The greater angular velocity (Wr) coupled with a large
momenf of inertia (Ir) at the final position during Phas%; 7
was probably the cause for the difference between the groups

during that part of the straddle-out.
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Table 28. Mean Measures of Total Kinetic Energy in
Joules for All Phases of Skill Execution

PHASES GROUP I GROUP 1V F*
1 63.90 23.47 37.66
2 255,32 155.19 23.26,
3 278.33 179.24 22.29
4 448 .73 242.01 37.27
5 365.94 222.29 19.77
6 336.68 180.64 ‘ 21.41
7 175.30 102.36 - 23.66

_.._.-._—..—._—_._.._._____._.——____.____._—_.._.___..—.———..——.—-._—.——..————......-—

Due to the mathematical calculation of the kinetic
energy (T), the effects of translational kinetic energy upon
the total were greater than the effects. of rotational
kinetic energy. It follows then that comparisons between
the groups showed that Group I trials hag significantly
greater values for translational kinetic energy 1in all
phases than GroQip IV trials (Fig. 58). .The only exception:

was during Phase 5 (Table 29).

Table 29. Mean Measures of Translational Kinetic Energy
in Joules for Significantly Different Phases

—————————————————————— #d——ﬁ,——-————————-————————-—————-—‘——-—_————
PHASE GROUP I *° GROUP IV P

1 49.55 , . 14.55 41.75

2 1192.89 ° 108.30 19.70

3 223.37 - 122.51 24.83

4 383.05 193.36 16.32

6 269.03 151.30 9.32

7 150. 20 88.51 11.07

- e - —— " ———— — ————————— > — —— " e T T S et e e A . e . = e — —— —— —— —— — —

_———_——-—_——_—_——_—_——_—_————-——_——————_-——————_—_————_——————

——._—-_—_——_—.—.—-—-._—_—_——-—_——-———--——_————————_—_—_——_——_—_-
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Kinetic Energy Between Subjects JM and AD.
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Only Phase 1, the:straddle-in action was different for

the variable of rotationalAkinééic energy (1L F 12 = 6.55)
: )|

(Fig. 59). - Group I trials averaged 14.33J of rotational

kinetic energy while Group IV trials averaged 8.91J. Body

position diffefencés during the straddle-in action would

have .caused this difference to {W"

.Data presented sﬁdﬁ that Grd;p I trials - the higﬁest
ranked pefformances according’”to the judges. panel, had
greater measufes of kinetic variables than Group IV trials
in ‘almost all phases of skill execution. The analysis of
variance reveéled'specific diffefences between the groups.
The Pearson . Product Moment Correlations revealed that
sighificant rélationships between the overall. ranking and
all the vatiabl?s which showed diffe;ences between the
groups were also significant. The Pearson Product Moment
Correlations for all trials for variables which represented
subject-specific éndktotal skill data are presentéd in Table
30; For these Va;iableé, overall judges ranking was most
highly correlated with the change in shoulder angle fpr’the '
fotal Stalder (r=.664). _Change in shoulder angle was
significantly different between Groups I and  IV.
Differénces in kinetic variables were shown to have  been
strongly -affected By the amount of shoulder extension

performed in the Stalder.

Trunk length was next most highly correlated with the

 overall ranking (r=-;583),'yet the groups were not different

N s 4
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Figure 59. Frame By Frame Comparison of Rotational
Kinetic Energy Between Subjects JM and AD.
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on this measure. Passive hip flexibility, in which Group I
had greater flexion of the lower extremity to ~the trunk
during the Stalder, was next most highly correlated with the

overall ranking (r=5,412).

<

There was no difference between the groups on the tdtal
time of the up swing;crﬁhe time for Phase 7 was different
and this may have afféﬁled the correlation between the
overall ranking and the time of the up swing (r=.383)
indicating that faster circling in the second half of the

skill aids in performance evaluation.

The relationship between the overall ranking and the
number of years in 'comgetitidn (r=-.327)  was ’not
significant. 4 Howe&er, the ;orrelation betﬁeen the.overall
rahking and the number df‘yearSt as a Class I or higher
competitive vgymnast was significant (r=-.457). Although
there were no differences between thé‘ groups on these
variables, this seems to .indicate that gymnasts who had
achieved a high level pf performance‘were likely té be more

successful in Stalder perfotmance’regardless of their tenure

as a competitor.

Significant correlations between the overall judges
‘ranking and kinetic variables existed in all phases and
variables where significant differences were revealed. All

~Pearson Product Moment Correlations between the overall
L] : \ i . . 7 k
ranking and all kinetic variables as well as values of

~angular velocity, mean ‘shoulder angles and change in

AN
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in Table 31.
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i

shoulder angles for all phases of skill execution are listed

Pearsan Product Moment Correlations ﬁetween_
the Overall Judges Ranking and All Kinetic Variables
for All Phases of Skill Execution

o B e e e e e e e e e T . e . S — — S o " T =

———— ————— — t— . —— - — —— ——— ————— s T — ——— > — - o — —— - — T — i — i ———— Tt ——

Table 31.
PHASE 1 2
Xﬁ JABLE
x/ —-.638*% -, 783%*
Wr ~.408 .613*
Ir ~-.343 -.,788%*%*
Hcem =,.700*%* —,674*
Wem  —-.462 .415
Icm -.356 ~.587*
KE (R)-.137 ~~.435
KE (L)~.591*% ~,766%%*
KE (T)~-.532 —.T771%*
PE -.588* -,390
%S 8 -.539 -.829%%
" AS 8 .499 .195

—-.729%*
.463
~.681**
-.009
.618*
-.651%*
. .440
-.T742%*
~.B64**
.274
-.782%%
.141

~.737%*
.485

- =.697%*

-.476
.391
-.556%
-.405
~.759%%*
~.866%*
-.707**
-.762%%
.048

-.864*%*
.150
-.538
-.632%
.146
. —.320
-.362
~.760%*
—-.869%%
'-.553
-.672*% -
.806**

————— ——— — T — T —— — — ok e M U D — e - T . S Sap A Gme Py S ey i . S S . — e G = G - — o ———
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DIS

CUSSION

The purpose of performing a Stalder is to add to the

compﬁfition and difficulty level of a competitive uneven

\ _
"parallal bars routine.

within aroutine by the judges will included

the - technikal

internal and

r’

execution 'of‘ the

element,

assessment

the d

’ Evalﬁation of‘a,specific element

of

egtee of

ternal amplitude “ displayed, the amount of

swing or fluidity within the skill and between the preceding
AY . v

and

attained~bygﬁﬁ? gymnast.

following coﬁ

AN

AN

~

cting moﬁes, and the level of difficulty
of the'skill as listed in the current F.I.G. Code of Points.
. N : R '
ﬁiffibulty of the Stqldé{\is dependent on the final position

Stalders performed to a final

~,
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handstand are given 'C' difficulty while Stalders performed
to a clear suppgrt or less than handstand position are giQen
only 'B' difficulty (See Appéndix D). Thls classification
puts strong emphas1s'.h the up sw1ng and straddle-out action
phases of the Stalder. The initial position of the Stalder
does not influence the difficulty value zplaced on the
element. Casting to less than a handstand at the beginning
of the SF111 might cause amplitude deductions to be taken.
‘The importance of the initial handstand lies with the effect
that this position ~will have on kinematic and kinetic
variables withjn the tgtal Skiii. Casting to 1less than a
handstand above the rail at the beginning of thegStalder
puts the gymnast at a disadvantage i terms of developing
maximum amounts.of angular momentum (Hr) in the down swing.
The measures of angular momentum (Hr) in thé down swing

directly affect the angular momentum (Hr) in the up swing
and the ability to overcome the downward pull of gravity and
allow the gymnast to swing to the final - position.
Therefore, even thoughaihe initial position of the skill is
not evaluated in the difficulty \rating of the skill, it
definitely affects the apility of the gymnast to complete

the Stalder in a ‘handstand position.

The ranking of the trials by the judging panel was
consistent with the difficulty fating even thou&h the study
was-carried out prior to official nse of the newest Code of
Points which is the first Code 1nclggz\the Stalder in its

table of elements. All Gr up I (highest ranked) trials
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completed the Stalder in a handstand position. Most Gfoup
IV (lowest ranked) trials ended in a clear support‘ position
or poorly executed handstand. It is the nature of uneven
parallel bars work that all moves swing to complétion rather
than finish through press or muscling actions. The ranking
of tﬁég\trials was consistent on this point with Group I

trials swi ing to a final handstand with very little elbow

flexion note to aid in muscling actions. Group IV trials

characteristicall_\ihowed poor body positions, total lack of

swing to the final pés{:i:n, and noticeable muscling from
the arms to attain th final }position. The difference
repbrted in the amount of a;§u;ar momen tum kHr) in the up
swing affected the ability of\Ehe‘gymnasts to swing to the
final position. Group I ;rials characteristically attained
the final extended body position prig;[to the end of the up
\lgﬁing, but had sufficient anguIE;/;;;entum (Hr) to continue
£S\xswing to the handstand above thé rail. Many Group IV
trials had zero or negﬁtive values of.angﬁlar momentum (Hr)

at thé end of the up swing. 1In order to complete the skill

muscular work had to be performed to overcome gravity.

Differences in the starting positions for the two
groups ‘was differemt with Group I trials ag&;ﬁgiﬁg 35
degrees more rotation in Phase 1 than Group IV ﬁfiaIQ; It
was strongly stated in the literature and supported by the
study that gymnasts who began the skill close to the
handstand and with én extended body géh}dagenerate‘greater

K 1
swing and angular momentum (Hr) in the' ~down swing. The
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dater in the down swing the straddle—in action took place,
the greater yet the potential for successful “performance.
This was supported by the study" as'well.‘ Although all
subjecﬁs performed an early straddle-in technique (flexion
at the hips occurred prior to extension at the shoulders),
Group I performed a slower straddle-in action which was not
cqmpletéd until the hips were level with the high bar on the
down swing or later. Group IV trials performed very rapid
straddle-in actions andéggmpleted the action prior to ’the
hips reaching the level of the rail on the down swing. This
performance techniqué was suppérted by George (1969) who
defined the straddle-in as the most critical portion of the
skill. He reported that the straddle-in should be
instantqneous. The stud§ supports Osbofhefs' (1978)
statements that delaying the straddle;in action ‘will enhance
" the generation ‘of greater amounts of angula; momentum‘by
maintaining a longef radius Pf rotation in the down swing.
Group I trials had significéntly greater measures of moment
of inertia (Ir) throughout>the down swing than Group 'IV
trials. < It was vSuppdrtequby the d%ta that this measure
contributed to significant differences in the amount of
angular ;6mentum (Hr) created 1in the down swing as well.
Because there were no differences between the groups on the
variables of mass or segment lengths, differences in the
moment of inertia (Ir) were caused  primarily by ' less
shoulder extension by Group I trials and io some extent to
the slower straddle-in action of the legs which would aid in

AN
'
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"maintaining a longer radius of rotation.

Most sources in thé literature discussed the necessity
of maintaining a narrow straddle of the 1legs in the
straddle-in action to help increase the moment of inertia.
All Group I trials maintained a very narrow straddle
position with some trials not showing a separation of the
feet at all until it was’hecessary to pass the legs by"the
hands in the roék back action. Group IV trials, in general,
performed the straddfe-in lwith a wide straddle. This was
nscessary in order to pass tpe feet over the rail before the
réék back due té the closenégg of the hips to the rail
caused by the large amount of shoulder extension performed.
This action would have reduced the radius of rotation and
had an affect on the moment of inertia was well. The
performancé bf the bottom swing was very . different between
the groups. The small amount of shoulder extension
per formed by Grogp I ﬁrials caused the hipsiito dfe further

from the rail than the shoulders. This helped td maintain a

' P e T \\.\ ~

large measure of moment of.“inertia and,\Eﬁéiefore, angular
momentum through the bottom "swing. This poSition also put
- the gymnasts in a position to perform either flexion or
extension of the upper extreﬁiﬁy at the shoulders. Shoulder
flexion did o;cur just prior to the straddle-out action.
This caused a reduction in the moment of inertia and an
increase in angular velocity to conserve angular momentum in

the up swing. This action was coupled with the recoil of

the rail. The increase in anéﬁiar velocity - plus the



160

additional force produced by the rail aided Group I trials

in the completion of the skill, \,

In contrast, the Group IV trials showed continuous
shoulder extension from the rock back through the bottom
'swing. This caused the gymnasts to completely invert and
placed the hips closer to the rail than the shoulders. The
1iterature\ supports holding a sufficiently decreased

N :
shoulder angle to prevent the body from unfolding as it
passed below the bar. The opposite effect occurred in Group:
IV trials. As the gymnasts passed below the railkthere was
an increase in shoulder extension which caused the gymnasté
to 'fold' further into an inverted dorsal hang. In this
position, the only changes 'in shoulder position could come
from shoulder flexion which would cause an increase in the

radius of rotation. This would increase the moment of

inertia and cause a decrease in the angular velocity.

The study supported Osborne's disagreement to George's

statements relative to the actions of hip and shoulder

articulations in the straddle-out. George reported that
shoulder flexion and hip extension could oceur
simultaneOUSly throughout the straddle-out. The Group I

trials all_performed the straddle-out by completing shoulder
flexion prior to hip extension. Osborne's statement,
suppor ted by Plagenhoef, that simultaneoﬁs actions could
inhibit each other was supported through the actions of the

Group IV trials. Rapid hip extension at the start of the
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straddle-out ”Qagqp 3%ﬂ8$héﬁ@MwLitt1e or ng shoulder flexion

was noted during this action..: z”‘*.?\si?h hip‘*%xten51on was

.

ot

completed flex1on at the elbows occurred 1n orﬁer to %upport"

» ,'&

the gymnast. O .
2 f\\ \" }
. “’*S - o ,
Rail deflections also appeared to affect tge’
. - E \ Mf‘
performance of the Stalders. Glgnlflcant dlffereng§
. ?*

rail deflection in the X direction during Phase 2 end 1n?theb
Y direction during Phase 4 may have been responsible for
increases in angular velocity and angular momentum at the
start of the straddle—out when recoil of the rail occurred
in the up swing. increases in these variables occurred for
all trials at éhis point. The additional - force for Group I
trials may or may not have made a difference in the outcome
of the skill as Group I had large amounts of angular
momentum in the ﬁp swing. The additional force produced by
recoil of the rail may have made the difference in
completing the Sta1der for Group 1V trials as they possessed
- small amounts of angular momentum in the up swing and any

increase would have been advantageous to performance.

Cne difference between the highest and lowest ranked
trials is the apparent ease in executioh; - The greater
- amounts of angular momentum and kinetic energy generated by
Group I trials made the significant differences to the
performapces by Group IV trials., Differences in the amounté
of these variables can be aﬁtributed primarily to ehe amount

of shoulder extension performed throughout the skill.



CHAPTER V .
SUMMARY AND CONC%&?ION
L

The st%dy was undertaken in an attempt to gain greater
understandiné}bf the biomedfhanical factors inQolved in the
performance of the Stalder on the uneven éarallel bars with
respectyto the general action of the skill as well Ias the
critical factors thch cofitribute to the successful
performance of the Stalder. Fourteen gymnasts of Class I
and Elite caliber were used as subjects. They were filmed,
in the sagittal plane, performing two Stalders. Theh trials
were filmed at 95 framesiper second with a’Photo—Sonics 1PL
l6mm camera. A Hewlett-Packa;d 9825A‘mini-computer was used
to receive and store digitized data points from a Bendix
LQGZ;AADigitizing Board. Computer programs written for the

HP ?9§%§A were used to reduce the data into specific
'kinematic and kinetic variables. A panel of expert judges
Jééiewed‘ the film and ranked the trials from best to‘poorest
o as £hey coﬁparéd to eacb other. The ranked trials were
;dividgd’ into four ‘groups each containing seven trails. The
’da;a ‘were then subjected to a complete biomechanical
énalyéis. Statistiéal treatment of the data éupplied
Pearson Product Moment Correlations between the variables
éﬁd' a 6nel way' analysis of variance revealed significant

- differences betwéen the groups on specific anthropometiic,k

kinematic'and kinetic variables.

#
i
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'~ CONCLUSIONS

On the basis of the data collected and analyzed in the

L 4
study, the follow1ng conc1u51ons seem supported:

/ l. Complete Stalder performance can be accomplished
with a variety of'techniques, however, certain styles are
more effective in optimizing critical kinetic variables and

influencing judges evaluation of the skill.

-

&

L2, A high levei of gymnastics expertise is more

conducive to the succeSS»qﬁ Stelder per formance than éimplyr

tenure as a competitor.

,/"

u

3. Stalder perfdrmance is initially enhanced by a

starting pos1tion in or very near a handstand.

4, Good executlon of the initial handstand ‘increases
\

control and: maximizes the dlstance between the center of

mass of the gymnast and the axis of rotation.

5.. The straddle-in action of the legs should be

w <. _
delayed as long as possible in the* down swing, and performed
slowly, to maintain an 'optimum radiﬁs of rotation to

maximize the moment of inertia: (Ir).

L

6. The straddle of the legs in the straddle-in action

should’ be kept as narrcw ‘as ~posslb1e to minimize body
positiqQn change and to maximize the moment of inertia (Ir).

7. Minimal extension of the upper extremity to the

- -
-+
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trunk at the shoulders, from the initial handstand position,
should occur - to meximiie the radius of rotation of the
gymnast toethe rail. This single measure has a direct
affect on the amounts of moment of inertia (Ir), moment of
inertia (Icm), 'ﬁngular momentum (Hr), angular momentum

(Hcm) , potential energy and kinetic energy (T).

8. Minimum amounts of shoulder extension place the
gymnast in body positionéﬂ which are conducive to subtle

changes in body position which favor increases in shoulder

. - B e kﬁ“ \}?“"‘
. . . N £ 0 e N
extension rather than shoulder flexioh. o e T
. v . ‘;Iﬁ ﬁ'v“ i *nt' e o
» L S .

9. Hip flexion should be mgximized; however, range of

motion in hip action is less important to éuccessful Stalder

[}

"performance than is shoulder range‘oﬁ motion.

10. Maxlmlzed moments of inertia throughout the down

.,sw1ng contrlbute to greater ra11 deflectlons by contrlbutlng

to greater horlzontal and vertical velocities of the center -
. “ 4 ¥

aof maSSpﬁghus, 1ncrea9;ng the 1oads gga1nst the rai¥.

%H ‘ .
11. Body positions throughout the[ entire Stalder

should be such that the h1ps ‘are always further from the

rail than_areuthe shoulders.

: »
vl B

12, Straddle—out actlons should be timed to begin with

e\

the recoil of the rail on the upswing. .

13. a wide straddlinqv of theflegs;‘in_the frontal

plane, during the straddle-out will not affect the radius of

,
\
—~ \
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.2
<

rotation as much as straddle-out with the action of the .legs

_in’ the sagittal plane. This ac&ion is desirable in that it

/ .
will not affect changes in moments of inertia or angular

momentum,

14. Extension of the legs at the hips should occur

throughout the straddle-out action. The final action made

. to attain the final handstand should be hip extension.

Slower extension. of the legs have less effect on center of

mass changes in will not inhibit shoulder flexion.

15. - Shoulder flexion followed by hip extension into
the final handstand position enhances swing and ease in
attaining the final position.

&

<16. Good Stalder performances‘produée forces of 1.99
to 3.30 times the body weight of the gymnast as she passes

below the rail at the bottbm of the swing.

[
€ a

17. Recoil of éhe deflected rail in.Staidefs with
bptimum angular - momentum' (Hr) and’ kinetic.venergy (T)
méasures may produce sufficient forée to increase the
angular vélocity (Wr), Ehus, iqdrease the angulaf momen tum

(Hr) and kinetic energy (T) in the upswing.
IMPLEMENTATIONS

‘ o . . ;
The following statements, based on the results of data
analysis and conclusions of the study, are included for the

: : &
purpose Of implementations of the results of the study:
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1. Gymnasts should be highly skilled in basic uneven

parallel bars actions before attempting handstand to

handstand Stalder circles.

2. Coaches, through review of high speed film and
familiarity'with research findings, should beé" completely

familiar with optimal performance techniques of the Stalder.

3. Coaches . should make every effort to get their
gymnasts to minimize shoulder ‘extension throughoyt the
Stalder. This ‘one factor directly affeCts’tHe greatest

number of critical variables to successful performance.
v

4. Judges should focus attention on the upper body

~action to fairly evaluate Stalder pérformandélwith resgﬁct

/ | RECOMMENDATIONS
el , ’::.) ) . ' . ' . « ‘ - )
From thg/i-sults of the study it is recommended that:-

1. 'Furth-; study be undertaken: #

a. with adgitional instrumentation ’'to obtain precise

knowlédge of the intéractioh between the gymnast and the

rail.

b. to measure shoulder girdle strength relative to
maintaining .an open inverted dorsal hang position in the

performance of a Stalder.

W c. of Stalder performance in a competitive situation.
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2. Studies be conducted with a greater number of
subjects, both skilled and unskilled in Stalder performance,
to determine more "specifically the factor which 1limit .

execution of the Stalder.
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Mea5urements, Equipment, dhd Camera Settlngs
"""""""""""""""""" .‘;;;;;a§‘;"‘"““';,;g;;a;};““i‘
Date “ . May 13, 1980 May 15, 1980
ﬁ%ight of 'Rail 229cm " 225cm
Height of Lens 229cm 225¢m
Camera to Subject‘ :

Distance - 13m 13m
Réference Meastres 28cm 28cm
Fi;m‘ Kodak Ektachrome Kodak Ektachrome
, 7250 EF Tungsten 7250 EF Tungsten
AsA 1400 400
.camera-Erame Rate ' 100 f/s 100.f/s"
Timing'LightyGeﬁerdtor b :
'Setting lOHzn 10Hz
Light Meter Reading 9.5 8.25
Shuttet Angle”\‘ 120° 160°
Exposure Time | 1/300 sec. 1/220 sec.
Aperture . ~f2.2 f2,2.
_Developmen£ : ! Normal Push 1x to ASA 800
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s ! '
' CGF /FIG YEARS OF B
NAME RATING . © JUDGING EXPERIENCE
Kathy Krystofiak " National 1 : 6
Doreen McCharles National 2 ‘ - 10
Betty Nadurak - National 1 7
Dorothy Ostrowercha Regional 2 } 3
Joan Payne Provincial 2* ¢ 10
Jill Prendergast** International - 10
Susan Rouse Provincial 1 7
Yvonne Van Sost Provincial 1 6
Judy Weppler National 1 11

‘* National Eligible 1980-81
** A.G.F. Women's Judging Chairperson
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APPENDIX C

Correlation Matrix of Judges ﬁankings -
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APPENDIX D

F.I.G. Point Breakdown
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THE EVALUATION OF OPTIONAL EXERCISES
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The optional exercise on the apparatus - uneven bars, balance beam,
and floor will be evaluated from 9.5 points.
For special performance a bonus of 0.50 points total is possible so
that 4 maximum of 10.00 points can be reached.

REQUIREMENTS OF THE EXERCISE

The evaluation of the optional exercises follows based upon these

taxation factors (formula):

Value Parts (difficulties)
Bonus Points

Combinations (construction of the

exercise)
Execution and Virtuosity

-

>
'
e 4

Ak

T
'. Ve
o’

:~,J;l
DU U 80 points

N\

¢

L'%,00 points

..’

.5p points

i

"y e AUd0 points

10.00 points maximum

Value Parts (Difficulties)

Competition 1B

Competition II

Competition III

6 A0.20 = 1.20 pt. 4 A 0.20 = 0.80 pt. 2 A0.20 = 0.40 pt.

3B O0.40 = 1.20 pt. 4 B 0.40 = 1.60 pt. 2 B 0.40 = 0.80 pt.

1 CO0.60 = 0.60 pt.. 1C0.60=0.60 pt 3C0.60 = 1.80 pt.
Value Parts = 3.00 pt. = 3.00 pt. 3.00 points

Bonus Points

Origina%ityr( maximum)
Risk (C') (maximumn)

Additional C or more’théncnmzcr(maximum)

Con$ination

Progressive distribution of elements. Mount and

dismount corresponding to the value of the exercise.
Composition of the exercise from various elements and

connections. ,
Space and direction
Tempo -and Rhythm

Execution and Virtuosity

Virtuosity
Technique/Amplitude/Posture

0.20 points
0.20 points

0.10 points
0.50 points

0.50 points

1.00 points
0.60 points

0.40 -points
2.50 points

0.20 points

3.80 points
4.00 points

10.00 points
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APPENDIX E

F.I.G. Stalder Difficulty Classification
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(F.I.G. Code of Points, 1979)
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APPENDIX F

Subject Data
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AGE IN  YEARS IN LEVEL OF HOME
NAME YEARS  COMPETITION COMPETITION  COUNTRY

Juliann Brumbaugh 11.5% 4 Class I* U.S.A.
Angela Daquista 11.5 2 Class I* U.S.A.
Jo Faber 14.5 3 Class 1 U.S.A.
Nanci Goldsmith 13.5 4 Class 1 U.S.A.
Carrie Hoit 11.0 1.5 Class I* U.S.A.
Karen Kelsall 17.5 7 Elite III Canada
" Jean Lee 16.0 4.5 Class I U.S.Aa.
Julianne McNamara 14.5 3 Elite U.S.A.
Yolande Mavity 11.5 2 Class I* U.S.A.
Tiffany Quincy 11.0 3 Class I U.S.A.
Tracee Talavera 13.5 5 Elite U.S.A.
Jayne Weinstein 16.5 5 Elite U.S.A.
Julie Weinstein 14.0 5 Class 1 U.S.A.
Dawna Wilson 12.0 3 Class 1 U.S.A.

* Class I Level obtained one week prior to filming sessions.
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APPENDIX G

Raw Data variables for Total Skill for All Subjects



:;m‘?"r
/TRTAL

JYW?2
T2
JYWI
JIM?2
JM1
DW?2
™1
DW1
NG?2
KK2
NG1
KK1
CH2
TQ2
JLW2
YM1
TQ1l
JF1
YM2
CH1
JLW1
JLl
JF2
JB1
AD1
JB2
AD2
JL2

RANK

15

21

AGH
YRS,

HISTGHT
M

154.94
148.59
154.94
147.32
147.32
135.89
148.59
135.89
138.43
156.21
138..43
156.21
124.46
127.00
147.32
141.61
127.00
139.70
141.61
124.46
147.32
163.83
139.70
121.92
129.54
121.92
129.54
163.83

MASH
KG

42.64
38.56
42.64
38.56
38.56
32.20
38.56
32.20
32.66
44 .4%
32.66
44.45
26.76
28.92
38.10
33.57
28.92
38.67
33.57
26.76
38.10
54.20
38.67
24.95
26.76
24 .95
26.76
54.20

—

up.EX.
JINGTH

M

41 .R2~

50.62
41.82
46 .50
46 .50
41.73
50 .62
41.73
4003
43.24
40.03
43.24
37.72
38.27
43.28
44.48
38.27
42.11
44.48
37.72
43.28
47.48
42.11
35.95
39.68
35.95
39.68
47.48

[—

LW.KX.
JINGTH

M

66.00
68.48
66.00
63.21]
63.21
58.84

.68.48

58.84
61.42
65.23
61.42
65.23
56.85
58.07
66.10
59.65
58.07
58.30
59.65
56.85
66.10
69.26
58.30
52.20
60.19
52.20
60.19
69.26

189

TRUNK
LENGTH
M

50.91
52.25
50.91
49.53
49.53
48.20
52.25
48.20
45.99
57.37
45.99
57.37
41.77
46.56
45.63
47.77
46.56
45.74
47.77
41.77
45.63
49.91
45.74
42.13
40.02
42.13
40.02
49.91



SHLDR
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P. HIP HIP YRS, +

2.19

2.71

YRS. IN SHLDR A. HIP
SUBJECT COMP FLEX ROM FLEX  FLEX ROM CLASS I
/TRIAL RADS RADS RADS RADS  RADS
~ .

JYW2 5 3.86 1.10  3.24 3.27 3.02 3
TT2 5 3.62 1.17 3.45  3.41 3.34 4
- JYW1 5 3.86 1.15 3.36 3.27 3.29 3.
JgM2 . 3 3.39 1.47 3.03 2.91  3.03 2.5
JM1 3 3.39  1.70 3.06 2.91 3.06 2.5
DW2 3. 3.17 2.10 3.10 3.03 3.10 1
TT1 5 3.62 1.15 3.45 3.41  3.40 4
DW1 3 3.17 1.62 3.04 3.03 3.04 1
NG2 4 3.26 1.63 3.14 3.07 3.14 2
KK2 7 3.75 1.46 3.35 3.31  3.32. 5
" NG1 4 3.26 1.47 3.13 3.07 2.95 2
KK1 7 3.75 1.24 3.32 3.31  3.33 5
CH2. 1.5 3.15 1.43 ° 3,52 3.39 3.52 .1
TQ2 -3 3.43 1.92  "3.10 3.26 3.10 1

JLW2 5. 3.37 1.66  3.11 3.23 2.82 3
“YM1 2 3.44 1.80 3.48 3.39 3.44 .1
7ol 3 3.43 1.51 . 3.07 3.26 2.95 1
JF1 3 3.42 2.33 2.99 2.88  2.78 2
¥YM2 2 3.44 1.69 3.43 3.39 3.06 .1
CHI . 1.5 3.15  1.54 = 3.45 3.39 3.48 .1
. JLWL 57 3.37 1.58 3.25  © 3.23 3.25 3
JLl 8 3.47 2.15-  2.90  3.14 1.49 3
JF2 3 3.42  2.20 3.03 2.88 3.01 2
JBl 4 3.33 1.65 3.12 2.96 3.12 .1
AD1 2 3.49 2.08 3.12 2.89 3.06 .1
JB2 4 3.33 1.70 3.12 2.96 3.08 .1
AD2 2 3.49 2.28 3.17 2.89 3.17 .1
JL2 .4 3.47 2.89 2.79 3
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o

X GRIP TOTAL DW SW UP SW TOTAL DW SW UP SW
SUBJECT STRNTH TIME TIME TIME ° A.VEL 'A.VEL A.VEL

/TRIAL KG SEC SEC SEC R/S  R/S R/S
JYW2 20.50 2.09 1.10 1.00 2.91 2.54 3.30
TT2 13.34. 2.33 1.16 1.18 2.58 2.37 2.81
JYW1 20.25 2.31 1.28 1.03 2.71 2.21 3.33
JM2 17.63 2.45 1.63 .82 2.50 1.81 . 3.89
JM1 17.63 2.24 1.34 .89 2.69 2.09 3.24
DW2 7.84 2.59 1.69 .90 2.43 1.73 3.74
TT1 13.34 2.78 1.16 1.23 2.67 2.63 3.01
DW1 7.84 2.38 1.44 1.39 2.61 2.04 3.50
NG2 9.34 2.33 1.32 l1.01 2.67 - 2.06 3.47
KK2 18.67,. 2.57 1.44 1,13 2.37 1.96 2.91
NG1 9.34 2.19 1.19. 1.01 2.84 2.26 - 3.53
KK1 18.67 2.73 1.46 1.27 2.23 1.93 2.59
CHZ2 9.33 2.55 1.51 1.04 2.44 | 1.81 3.36
TQ2 11.00 2.64 1.40 1.24  2.37 1.99 2.80
JLW2 15.05 2.64 1.56 1.08 2.28 1.79 3.00
YM1 11.13 2.26-  1.38 .88 2,75 2.03 3.90
TQl 11.00 2.17 1.14 1.03 2.75 2.31 3.26
JF1l 14.08 2.25 1.13 1.11 2.71 2.12 3.32
YM2 11.13 2.23 1. 26 .97 2.84 2.22 3.66
. CH1 9.33 2.76 1.66 1.10 2.32 1.64 3.35
JLW1 15.05 3.02 1.24 1.19 1.97 1.51 2.69
JL1 23.50 3.14 1.49 1.65 1.92 1.64 2.19
JF2 14.08 2.28 . 1.07 1.19 - 2.68 2.21 3.11
JB1 7.00 2.71 1.65 1.06 2.27 2.00 2.70
. AD1 10.34 2.24 1.03 1.21 - 2.65 2.23 3.03
JB2 7.00 2.36 1.25 1.11  2.61 2.16 3.11
AD2 10.34 2.62 1.51 © 1.11 2.53 1.80 3.55

JL2 23.50 2.71 - 1.56 1.44 2.10 1.58 2.82
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APPENDIX H

w

Raw Data Variables for All Phases for All Subjects



TIME IN SECONDS

193

.02 .33 .02 .26

.02

PHASE
SUBJECT 1 2 3 4 5 6 7
JYW2 .81 .02 .27 .02 .27 .02 .74
TT2 .85 .02 .30 .02 .28 .02 .89
JYW1 .99 .02 .29 .02 .27 .02 .77
IM2 1.37 .02 .26 .02 .25 .02 .57
JM1 1.07 .02 .27 .02 .24 .02 .65
DW2 1.43 .02, .25 .02 .23 .02 .68
TT1 .86 .02° . .29 .02 .27 .02« .85
DW§E%5° 1.18 .02 .25 .02 .24 .02 .71
NG 1.08 .02 .23 .02 .24 .02 .78
KK2 1.17 .02 .27 .02 .29 .02 .84
NG1 .96 .02 .22 .02 .25 .02 .77,
KK1 1.18 .02 .28 ' .02 .29 .02 .98
CH2 1.28 .02 .23 .02 .24 .02 . .80
TQ2 1.12 .02 .27 .02 .26 .02 . .98
JLW2 1.25 .02. .30 .02 .25 .02 .84
YM1 1.12 .02 .26 .02 .24 .02 .64
TQ1 .88 .02 .26 .02 .26 .02 .77
JF1 .88 .02 .25 .02 .25 .02 .86
YM2 1.00 .02 .26 .02 .24 .02 .72
CH1 1.42 .02 .24 .02 - .23 .02 .87
JLW1 1.52 .02 .30 .02 - .26 .02 .93
JLl 1.18 .02 .32 .02 .25 .02 1.40
JF2 .84 .02 .25 .02 .25 .02 .93
JBl 1.41 - .02 .24 .02 .23, .02 .83
AD1 .79 .02 .24 .02 .25 .02 .96
JB2 1.00 .02 .25 .02 .22 Jo2 .89
AD2 1.28 .02 .23 .02 .25 .02 .86
JL2 1.24 .88



DISPLACEMENT IN RADIANS

~

PHASE

194

JL2 .71 .10 1.74 .13 1.66

.SUBJECT 1 . 2 3 4 5 6 7
JYW2 1.26 .08 1.47 .12 "1.54 .14 1.81
TT2 : 1.14 .08 1.55 .12 1.55 - .10 1.78
JYW1 1.28 .07 1.48 .15 1.58 .13 - 1.92
JM2 1.35 .10 7 1.56 .12 1.53 .12 -1.68
JM1 1.23 .09° 1,53 .13 1.54 .12 1.73
DW1 1.36 .10 1.49 .14 1.49 .14 1.95
TT1 1.19 .10 - 1.53 .14 . 1.53 101,79
DW1 1.31 .13 1.64 .15 1.61 - .11 1.76
NG2 1.10 .12~ 1.55 .14 1.60 .12 1.98
KK?2 : 1.28 .09 . 1.51 .11 l1l.63 .10 . 1.68
NG1 1.10 .13 1.52 - .13 ° 1.65 12 1.95
KK1 . l.21 .10 1.56 .13 1.65 .10 1.68
CH2 1.20 .11 1.50 . .14 1.65 .12 1.87
TQ2 - 1.09 | .11 ' 1.65 .13 1.67 .13 1.84
JLW2 1.11 .10 l.61 .15 _ 1.58 .10 1.73
- YM1 1.23 .10 1.50 .14 1.58 .13 1.89
TQ1 1.01 .10 1.59 .14 1.75 .07 1.62
JFl. .79 .10 1.55 .15 1.84 .16 1.92
YM2 . 1.24 .12 . 1.51 .14 1.55 .16  2.03
CH1 1.11 .13 1.56 .14 1.66 12 2.06
JLW1 1.08 .10 1.62 .14 1.66 .11 1.58
JL1 .72 .09 1.69 .11 1.60 .09 2.03
JF2° .87 .09 1.49 .13 1.76 .17 1.99
JB1l ' 1.20 .16 2.05 .14 1.42 .12 1.49
AD1 .71 .10 1.54 - .11 1.68 .17 2.01
JB2 1.06 .11 1.61 .14 1.63 .15 1.86
AD2 1.16 .11 1.51 .15 1.55 .13 2.40
.14 1.58
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JL2

6.03

)
/
ANGULAR VELOCITY IN RADIANS/SECOND
PHASE

SUBJECT 1 2 3. 4 5 6 7
- JYW2 1.55 3.72 5.37 5.85 5.62 6.63 2.47
TT2 1.34 3.77  5.09 5.76 5.47 4.87 2.00
JYW1 1.30 3.39 5.22 7.05 5.78 6.08 2.50
JM2 .99 4.82 5.94 5.49 6.07 5.71 2.96
JM1 1.45 4.10 5.61. 6.14 6.37 5.86 2.66
DW2 .96 4.63  5.91 6.73 6.46 6.59 2.85
TT1 1.39 4.63 . 5.21 6.25 5.60 4.61 2.10
DW1. 1.11 6.31 6.11 7.16 6,68 5.38 2.47
NG2 1.02 5.60 6.72 6.61 6.61 5.67 2.55
KK2 1.10 -~ 4.42 5.54 5.22 5.53 4.98 2.01
"NG1 1.45 6.09 6.90 6.03 6.54 5.83 2.54
KK1 1.03 4.77 5.52 6.06 5.60 4.78 1.72

CH2 .94 5.14 6.51 6.47 6.83 5.56 2.34" -
TQ2 .97 5.00 6.04 6.15 6.35" 6.37 1l.89
JLW2 .89 4.86 5.280 "7.03 © 6.28 4.99 2.06
™M1 1.10 4.86 5.72 6.48 6.56 5.98 2.96
TQl 1.14 5.00 6.04 6.67 6.67 3.16 2.11
JF1 .90 4.64 6.14 7.13 7.30 7.41 2.23
YM2 1.25 5.89 5.73 6.81 6.44 7.51 2.80
CH1 .79 6.17 6.44 6.80 7.19 5.84 2.36
JLW1 .71 4.56 5.33 6.67 6.34 5.45 1.69
JL1 .61 4.21 5.37 5.03 6.36 4.30 1.45
JF2 1.04 4.19 5.93 6.02 6.97 7.86 2.13
JB1 .85 7.55 8.50 6.85 6.17 5.92 1.79
AD1 .91 4.99 6.39 5.25 6.67 8.08 2.10
JB2 1.06 5.12 6.39 6.70 7.39 7.09 2.08 .

AD2 .91 5.43 6.52 6.93 -6.17 6.37 2.79
.57 4,71 .5.33 6.31 6.53 1.79

‘/yﬂ"
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\ APPENDIX I

Raw Data Variables for Subject JM - \\
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LE R R SRR RS ERERLRIRELIEREIEE IR E R TR E T RETRETREETET ] AKX KRR AKRAN AR AR AN AAKN R AR A Ak Ak

ANGULAFE KINEMATICS:

CENTER OF MASS

JULIANNE McNAMARA TRIAL 2

LR AR AR ELEREREREREEEERETEEEEETIRT T IS GG R RN QU G e Akhk Ak khhhkhhh khkk k kk k&

TINE

BETWEEN FRAMES sec

IiIGHEST CAST TO HIPS AT HE LEVEL

HIES

HIPS

HIPS

HIPS

IPS

I1IPS

1 TO 6 +1.3650

AT HB LEVEL

6 T0 8 0.0210

AT 'HB LEVEL TQ.HIPS BELOW HB

6 TC 11 0.2625
BELOW HB

11 170 13 0.0210

BELCW HB TO HIPS AT HE LEVEL

11 T0 1§  0.2520

AT LB LEVLL W

l6 TO 18 0.0210

AT LEVEL OF IID-TO FINISH

le 170 22 0.5670

DISPLACEMENT

rad

1.3528

0.1011

1.5581

0.1152

1.5284

0.1199

~1.6810

VELOCCITY
rad/sec

0.9911
4.8165
5,9355
5.4861
6.0650
5.708%

2.9643
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JULIANNE McNAMARA

DATA FOR ANGLE/ANCLE

TRIAI 2

DIAGRAM **hkkkx Kk h kk A kKK

********‘k***k***‘k******-*************i**ttk********i ok ko ok okk ko

SHCULDEER ANGLE
(IN RADIANS)

FRAME #
1 3.1299 (
2 3.0886 (
3 2.9113
4 2.9082 (
5 2.4991 ¢
6 2.0900 (
7 1.9931 ¢
8 1.9594 (
9 1.8011 ¢
10 1.9171 ¢
11 1.8367 (
12 1.9516 (¢
13 1.8250 ¢
14 1.9205 ¢
15 - 1.7230 ¢
16 1.7770
17 1.7520
18 1.7498 (
19 02.0248
20 1.9934 {
21 2.7308 (
22 2.5630 (

179.3325)
176 .9622)
166 .8031)
166 .6303)
143.1889)
119.7489)
114.1977)
112.2683)
103.
109.8409)
105.2339)
111.8180)
104.6209)

110.0365)

98.7233)

101.8178)
100.3829)
100.2581)
116.0118)
114.2134)
156.4643)

169.7651)

1986) -

0.3639
. 0.3434
0.8200
1.2387
2.0885
2.5610
2.5754
2.5846
2.6790
2.9397
3.0000
2.9937
3.0344
2.9835
3.0109
2.6914
2.6236
2.6265
2.2033
$2.0280
0.2270

0.2942

"HIP ANGLE
(IN RADIANS)

(

(
(
(

{
(

20.8489)
19.6760)
46 .9815)
70.9734)
119.6640)
146 .7333)
147.5593)
148.0876)
153.4967)
168.4348)
171.8878)
1171.5274)
173.8601)
170.9444)
172,5144)
154.2081)
155.3234)
156.4504)
126.2414)
116.1541)

13.0089)

16.8537)

199
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KERKAKAIkhk kkhkk kk Ak Ak kK hkk Ahkkk Ahkk* kk Ak Khkhkhkkhk kk kkkkhkkkhkkhkkhkhdhhkhkhk kkhk kK .

ANGULAR KINEMATICS: CENTER OF MASS . ANGELA DAQUISTA :TRIAL !

KhkhkhhkhkhkhkhkkAk dhk AKXk kA kA A kAKX khkkh Kk kk kkk Akk kkk k kkk ***'****jk*****'k****‘k***'

]

. . . < \
TILE DISPLACEMENT, VELOCITY

BETWEEN FRAMLS dec ] rad rad/sec

HIGHEST CAST TO HIPS AT HE LEVEL

1 T06  0.7875 0.7130 © 0.9054

HIPZ AT IUE LEVEL

6 TO 8 . 0.0210 0.1047 : 4.9877

IIIPS WT HE LEVEL TC HIPS BELCW IIB

L

6 TO 11  0.2415 | 1.5421 6.3855

HIPS BLLCW% 1B

11 TO 13 - 0.0210 - 0.1102 - 5.2461

: : ‘ ;.
LIPS BELOW IIB TO HIPS AT HME LEVEL

11 TO 16 0.2520 1.6814 ' 6.6724 -,

H1IPS AT ilB LEVEL

16 TG 18  0.0210 ' 0.1697 6.0825

LIPS AT LCVEL OF iE TC FINISL . '

. » . 4
16 TO 22 0.9555 2.0073 2.1065
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kkk kkkkkkkk kkk * DATA FOR ANGLE/ANGLE DIAGRAM ** % k% & k& kk %% % A%

ANGELA DAQUISTA TRIAL 1

Khkk Ak AKX AKXK AR K KA KARN A kk khhhkk k Ahkx kA AKX Ak KAk kA hKk Rk Ak K hkkk Ak kk hk k*k &

.

. SIIOULDER ANCLE . | HIP ANGLE
FRAME = (IN KADIANS) : (IN RADIANS) _
o | |
1 ~1.0408 ( 59.6339) 0.0656 ( 3.7578)
2 1.8458 ( 105.7561) 0.7728 ( 44.2771)
3 | 2.3954 ( 137.2448) 1.2387 ( 70.9702)
a 2.7539 ( 157.7856) 1.9411 ( 111.2149)
5 2.4975 ( 143.0987) 2.4789 ( 142.0312)
6 1.4175 ( 81.2163) 2.6358 ( 151.0198)'-|
7 1.4479 ( 82.9607)  2.6143 ( 149.7899) |
8 1.4079 ( 80.6685) 2.5906 ( 148 .4322)
9" © 1.1311 ( 64.8051) ©2.6203. ( 150.1335)
10 ' 1.1541 ( 66.1240) | 2.6678 ( 152.3554)
11 ’ 0.9992 ( 57.2482) . 2.8636 ( 164.0744)
12 °0.9933 ( 56.9143) 2.8836 ( 165.2208)
13 ' 0.9775 ( 56.0068) 2.8971 ( 165.9949)
14 0.9577 ( 54.8743) 3.1244 ( 179.0134)
15 0.7751 ( 44.4105) 2.9562 ( 169.3788)
16 ‘ 0.6443 ( 36.9139) 2.5597 ( 146.6515)
17 0.67¢0 ( 38.8481) 2.4844 ( 142.3442)
18 0.7329 ( 41.9931) 2.3962 ( 137.2940)
19 1.1208 ( 64.2190) 2.3623 ( 135.3497)
20 - 1.7224 ( 98.5892) 1.7399 ( 99.6918)
21 2.4808 ( 142.1417) 0.9355 ( 53.6004)

22 3.0334 ( 173.8017) , 0.6197 ( 35.5079)
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TRIAL 1
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DELFECTIONS OF RAIL ) ANGELA DACUISTA TPIAL 1

FRAML § X \ Y LINEAR (cr)

1 0.13 \1.32 1.33
2 0.33 | A fﬁ27 1.31
3 0.18 0.86 0.88
4 0. 18 1.30 1.31
5 0.03 1.24 1.24
6 0.18 1.45 1.46
P 0.03  1.50  1.s0
8 0.03 1.47 1.47
9 0.8 1.52 1.75
16 1.55 . 0.71 | 1.70
11 2.08 . 0.48 C21s
12 .01 0.41 1.9
13 1.91 0.66 - 2.02
14 0.86 1.70 '_ 1.1
15 0.05 . 2.82 2.82
16 1.19 1.5 2.04
17 0.97 1.24 1.58
1e 1.40 . 1.80. . 2.28
19 1.57 0.86 1.80
20 0.48 1.42 1.50
21 0.08 1.04 1.04
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APPENDIX K

Computér Programs
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: dsp "STALDER PROGRAMS";wait 2000

: dsp "DATA DIGITIZING + STORAGE" ;wait 1500

: prt "DETERMINE SCAIE FOR PLOT"

dsp "DIGI LOWER LEFT CORNER";red 4,X,Y;2.54%>X;2.54Y»Y;beep
dsp "DIGI UPPER RIGHT CORNER";red 4,A,B;2.54A+7;2.54B+B; ;beep
¢ (A~X)/29.25+r0+S; (B-Y) /15.24+r1

¢ if rO>rl;rl-+S

: fxd 4;prt "SCALE 1-",1/S+S ‘

: dim A[22,28],B[22,28],C[27], 25(23,36],K$[14,11)

- S+C[26]

10' "HEAD + NECK"+KS[1];"TRUNK"+KS [2] ; "R.UPPER ARM"+KS[3]
11: "R.LONER ARM"+KS[4];"R. HAND"+KS [5] ; "L.UPPER ARM"+KS [6] -
12: "L.LOWER ARM"+KS$([7];"L. HAND"»KS([8];"R. THIGH"+KS[9]

13: "R.LOWER LEG"+KS[10];"R. FOOT"+KS[11] ;"L. THIGH"4K$[12]
14: "L.LOWER LEG"+K${13];"L. FOOT"»KS[14]

15: dsp "DIGITIZE HEIGHT OF HIGH BAR" red 4,X,Y;wait 50;beep
16: 2.54X+C[24]);2.54Y+C[25]

17: ent "DIGITIZE REFERENCE ? [l=YES]",r0

18: if rO#l;ent "CORRECTION FACIOR =?",C[1]

19: if r0=l;gsb “"corfac"

20: ent "COMMENT",2$[1]

21: 1+A;ent "NUMBER OFFRAMES ? [up TO 22]",N

22: if N>22;dsp "MAXIMUM IS 22 FRAMES !!!";wait 2000;jmp -1
23: ent "DESCRIPTION OF FRAME",ZS[A+1]

24: if A1:fxd 0 ;dsp "TIME INTERVAL FRAMES", A-1, A wait 1500;ent "'I“" Cla]
25: for B—l to 14

26: 0»r2

27: if B=4;1+r2

28: if B=5;1+r2 : :

29: if B=7;1+r2 .

30: if B=B;1lsr2

31: if B=10;1+r2

32: if B=13;1+r2

33: if r2=1;gto 35

34: dsp "PROXIMAL",K$[B];red 4,X,Y;2.54X+X;2.54Y+Y ;beep;wait 300
35: if r2=1;E+X;F+Y

-36: X+A[A, B] :Y+A[A,Bt+14]

37: dsp "DISTAL",KS$([B];red 4,E,F;2.54E+E;2. 54E‘+F beep,walt 300
38: E»B[A,B] ;F+B[A, B+14]

39: next B

40: 0+»ré4+>r5+r6+17

41: ent "ERROR ?7? [1=YES]",r7

42: if r7=l;dsp "DIGITIZE FRAME AGAIN";wait 3000;gto 25

43: ent "ADJUST COORDS. UP EXTREM.? [1=YES]",r4

44: if rd44l;gto 53

45: if r4=1;1+B

46: B[A,B]+A[A, B+1];B[A, B+14]+A[A,B+15]

47: A[A,B+5] +A[A,B+2);A[A, B+19) *A[A,B’HLG]

48: B[A,B+5) +B[A,B+2]+A[A,B+3]+A[A,B+6]

49: B[A,B+19]+B[A,B+16]+A[A,B+17]+A[A,B+20]

50: B{A, B+6]*B[A B+3]->A[A,B+4]»A[A B+7]

- *9113

\DCO\IG’\U’!-wai—‘O
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51: B[A,B+20] +B[A,B+17] ¥A[A, B+18] +A[A,B+21]

52: B[A,B+7] +B[A,DBt4];B[A, B+21]+B[A, B+18)

53: ent "ADJUST COORDS. LOW EXTREM.? [1=YES]", 5

54: if rS5#1l;gto 60

55: if r5=1;1+B

56: A[A,B+11] +A[A,B+8];A[A, B+25] +A[A,P+22]

57: BI[A,B+11]+B[A,B+8]+A[A,B+12])+A[A,B+9]

58: B[A,B+25] +B[A,B+22)+A[A,B+26]+A[A,B+23]

59: B[A,B+12]+B[A,B+9] ;B[A,B+26]+B{A, B+23]

60: ent "ADJUST COORDS FOOT? [1=YES]",ré6

61: if r6#l;gto 65

62: if r6=1;1+p , '

63: A[A,B+13] »A[A,B+10];A[A,B+27] +A[A,B+24]

64: B[A,B+13]+B[A,B+10 ] ;B[A, B+27] +B[A,B+24]

65: 1+A+A;if P<=Nigto 23

66: gsb "store" )
67: dsp "STORAGE DONE";end

68: "corfac": '

69: dsp "DIGITIZE POINT 1";red 4,X,Y:;wait 100;2.54%X+X;2.54Y~>Y; beep
70: dsp "DIGITIZE POINT 2";red 4,K, L;wait 100;2.54K+K; 2.541+L;beep
71: ent "REAL SIZE OF REFERENCE [cm]",0O .
72: £xd 2;prt "Cfator",0/y( (K-X) "2+ (L~Y) "2)+C[1]

73: ret .

.74: "store": '

75: ent "TRACK TO BE USED? [0=0, 1=1]",r8

76: if rB=0;trk O

77: if r8=l;trk 1

78+ NeC[27]

79: ent "FILENUMBER TO BE RECQORDED ?",Q

80: rcf Q,A[*],B[*],C[*]

81: rcf Q+1, 7$,K$

82: trk 0 .

83: wtb 7,10,10,10,10,10,10,13 o
84: fmt ,9x,18"*" ,x,c20,x,17"*",/,/ ' Ce
85: wrt 7,"FILE CONTENTS RECORD" ‘

86: fmt 1,9x,cl0,c36,c8,£2.0

87: wrt 7.1, "DATA SPEC:",2S$[1], "IN FILE",Q

88: wtb 7,10,10,13

89: fmt 2,9x,c7,£3.0,c46,/

90: for J=1 to 22 .

91: wrt 7.2,"FRAME #",J, 2S [J+1]

92: next J

93: fmt 3,/,/,9%,cl0;wrt 7.3, "COMVENTS :"

94: wtb 7,12

95: ret

*28964
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0: dsp "RAW DATA RETRIEVAL";wait 1500

1: ent "FILE ¢ TO BE RETRIEVED",Q

2: dim A[22,28],B[22,28},C[27],2%[23,36],K$[14,11]
3: ent "rRACK TO RE USED [0=0,1=11",r9

4: if r9=0;trk O

5: if r%=l;trk 1

6: 1af Q,A[*],B[*],C[*]

7: 1df Qtl, Z$,KS

8: trk O

9

: wtb 7 13,10,10,10,10,10,10

10: fmt l,l4x,‘c50,/;fmt 2,14x,a7,£7.4,/;fmt 3,14x,10£7 .4

11: fmt 6,14x,18"*",x,c24,x,f2.0,x,18"*",/,/

12: wrt 7.6, "DATA RETRIEVAL SUBJECT ", 0

13: fmt 14x,c65,/;fmt 5,14x,65™*",/;wrt 7.5

C14: wrt 7.1,28([1] jwrt 7.5

15: wrt 7.2, "Correctionfactor=",C[1]- .

16: wrt 7.1, "Time Interval between the Frames (sec.) "

17: fmt49x10f70wrt7412345678910

18: wrt 7.3,C{2],C[3],Cl4],C[5],C[61,C(7),C(8],C[9],C[10];wtb 7,10

19: wrt 7.4,10,11,12,13,14,15,16,17,18,19

20: wrt 7.3, C[ll] C[]_2] C[13] C[l4] C[lS] C[16]),C[17},C[18},C[19] ;wtb 7 10
21: fmt 5, 9x,4f7 O:wrt 7.5,19,20,21,22

22: fmt 6,14x,3f7. 4 ;wrt 7.6,C[20],C[21],C[22]

23: frrt 6,/,l4x,65"-",2/;wrt 7.6

24 : wtb 7,12;0»r0

25: for A=1 to C[27]

26: gsb "printout"

27: if A=C[27];wtb 7,12;dsp "RAWDATA OUTPUT DCNE";erd

28: next A

29: "printout":

30: if r0=2;0+r0;wtb 7,12

31: wtb 7,13,10,10,10,10,10,10

32: fmt 1,10x,7¢9;fmt 2,/;fmt 3,9x,7£9.2;fmt 4,/,10x,c63

33: fmt 5,14x,cl6,x,£2.0;wrt 7.5, "RAW DATA FRAME #",A

34: wrt 7 .4, Z$[A+l] ;wrt 7 2 :

35: wrt ‘7 l "HNeCk“ Il'I\runkll "R(.Iarm“ '"m"arm" "Rl.]arﬂ" "Iljarm" llmarmll
36: wrt 7.5,"PRGX. ENDPOINTS"

37: wrt 7.3, ™" ,a[A,1],A(4,2],A(A, 3] ,A[R,4],A(7,5],A[A7,6],A(R,7] .

38: wrt 7.3,"Y",A[A,15],A[A,16],A(R,17], a[a,18],A(A,19},A[A,20],2[A,21]
39: wrt 7.5, "CISTAL ENDPOINTS"

40: wrt 7.3,"x",B[A 1], E[R,2], B(2,3],B[A,4],R[7,5] ,B[A,6],B[A,7]

41: wrt 7.3,"Y" ,B(A, 15], B(A, 161, B([A,17] ,B[A,18], B[A,l9] B[2,20],B[A,21]
42: wrt 7.2

43. wrt 7 l,“I_harld" "RU’}-@" ’"Rl‘leg" '“wat" llun.eg" !Im‘l@" "I‘fmt"
44: wrt 7.5,"PROX. ENDPOINTS"

~45: wrt 7.3, " ,A[A,8],A[R,9],A[R,10], aA[a,11],A(A,121,A(A,13],A[A,14]
46: wrt 7.3,"Y",A[A,22],x[A,23),A[A,24) ,AlA7,25],A[R,26],A[R,27]),A[A, 28]
47: wrt 7.5,"DISTAL ENDPOINTS"

48: wrt 7.3,™",B[A,8],B[A,9],B[A,10],B(A,11], ‘B[A,12],B(A2,13], B[A,l4]
49: wrt 7.3,"Y" ,B[A,22] B{A, 23], B[P 24],8(a,251,B(A,26],B[A,27],B[A, 28]
50: rO+1+1x0

51: ret
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0: dsp "EDIT DATAFILE";wait 1500
1: ent “FILE # TO BE EDITED ?",Q
2: dim A{22,28),B(22,28],C[27},28(23,36),KS$[14,11)
3: ent "I'RACK TO BE USED? [0=0,1= 1]",r8
4: if r8=0;trk 0
5: if r8=1;trk 1
: 14af Q,A[*],B[*],C[*] ;1df Q+1,25,KS; trk 0
7: fxd 0;dsp "YOU ARE NOW EDITING FILE #",Q;wait 1500
8: ent "DIGITIZE REFERENCE ? [1=YES]",r0
9: if r0=1;gsb "cfac"
10: if rO#l;ent "CORRECTIONFACTOR =",C[1]
11: ent "CQAMENT", ZS$[1]
12: ent "FRAME § TO EDIT ? [0=STOP]",A v
13: if A>22;dsp ™NO SPACE LEFT. START A NEW FILE";end ,
14: if A=0;gsb "store"
15: if A=0;dsp "EDIT DONE";enrd
16: ent "DESCRIPTION OF FRAME", ZS[A+1]}
17: if A>1;fxd 0;dsp "TIME INTERVAL FRAMES", A-1,A;wait 1500;ent "T=",C[A]
18: £xd 4;for B=1 to 14
19: 0+r2
20: if B=4;1+r2
21: if B=5;1»r2
22: if B=7:1+r2
23: if B=8;1-»r2
24: if B=10;1»r2
25: if B=13;1»r2
26: if r2=1;gto 28
27: dsp "PROXIMAL",KS$[B];red 4,X,Y;2.54X+X;2.54Y+Y;beep;wait 300
28 : if r2=1;E+X;F»Y
29: X»A[A,B];Y+A[A,B+14]
30: dsp "DISTAL",KS$([B];red 4,E,F;2.54E+E;2.54F~+F; ibeep;wait 300
31: E+B[A,B] ;F+B[A, B+l4]
32: next B
33: ent "ERROR ?? [1l=YES]",r0
34: if r0=1;dsp "DIGITIZE FRAME PGAIN"*walt 3000;qgto 18
35: gto 12
36: "cfac":
37: dsp "DIGITIZE POINT 1";red 4,X,Y;wait 100;2.54%+X;2 .54Y+Y;beep
38: dsp "DIGITIZE POINT 2";red 4,K,L;wait 100;2.54K+K;2.541+»L;beep
39: ent “REAL SIZE OF REFERENCE [cm]",O
40: £xd 2;prt "Cfator",O/y( (K=X) "2+ (L~Y) "2)+D[1]
41: ret :
42: "store":
43: ent "4 FRAMES ADDED ?",P;P+C[27)+C[27]
44: ent "FILENWMBER TO BE RECORDED ?", Q
45: ent "TRK TO B,E USED? [0=0, l—l] , 19
46: if r9=0;trk O
47: if r9=1;trk 1
48: rcf QA[*],B[*],C[*]
49: rcf Q+1,7$,K$
50: trk 0 _
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51: wtb 7,13,10,10,10,10,10,10

52: fmt ,9x,18"*" ,x,c20,x,17"*",/,/

53: wrt 7, "FILE CONTENTS RECORD"

54: fmt 1,9x,cl0,c36,c8,£2.0

© 55: wrt 7.1, "DATA SPEC:",2S([1], "IN FILE",Q
56: wtb 7,10,10,13

57: fmt 2,9x,¢7,£3.0,016,/

58: for J=1 to 22

59: wrt 7.2,"FRAME #",J,2Z$[J+1]

60: next J

61: fmt 3,/,/,9%,cl0;wrt 7.3, "COMMENTS :"
62: wtb 7,12

63: ret
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O:
1:
2:

3:

4:

5:

6:

7:

8:

9~
10:
11:
12:
13:
14:
15;
16:
17:
18:
19:
20
21:
22:
23:
24
25:
26:
27
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
4]:
42:
43:
44:
45:
46:
47:
48:
49:
50:
*25
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Gsp "CENILL OF MASE ?;mtmmms";wait 1500
dim A[22,281,8]22, 28 'CL27),R[22,1),A$(50) ,KS (14,11
dim S(14],M[14],X1(22,1),Y[22,1],J(22,1)
ent "I'RIAL I1IR",AS
wth 7,12

fmt 1,10x,120"*", /jwxt 7.1
fmt 2,20x,c35,10x COU0wrt 7.2, "ANQULAR KINEIMA'I‘ICS; CENIER OF MASS" (AS
wrt 7.1;wth 7,10,10

fmt 3, 20x ,Cc20,c20,cl0;wrt 7.3, "CM COORDINATES" ¢ "LINEAR DISTANCE" S TIME"
fmt 4,70x,3c20

wtb 7,27,10;wrt 7.4, "DISPLI\CEMENI‘","VMITY","AQ?EIERATION”

fmt 5,10x,cl0,cl0,cl0, c20

wet 7.5, "FRAME # ", "X","Y","CM TO HB (cm)"

fmt 6,60x,c10,3c20,/,/,/;wtb 7,27,10

wrt 7.6,"sec”,"rad", "rad/sec", "rad/sec/sec"

fxd 4

”IIEAD+NECK"+K$[I] ;"TRUNK"*K$[2] ;s "R.UPPER ARM"+KS[3] ;"R. ARM"+KS$ [4]

"R. HAND"+KS[5]:"L.UPPER ARM"+KS[6];"L. ARM"+KS[7] :"L. HAND"+KS [8 ]

"R, THIGH"+KS[9] ;"R. LEG"+K$[10] ;"R. FOOT"+KS$[11]);"L. THIGH"+KS[12]
"L. LEG"+K$[13];"L. FOOT"+KS$[14]

.5+5[1]1+5[2]); .436+S[3]+S[6]; .43+S [4]1+5[7];.28+S[5]+5[8]
.433-»5[9]+S[10]»S_[12]+S[13];.45»5[11]-»5[14]

.077+M[1]; .463+M[2] ; .03+M[3]+M[6]; 0155+M[4)+M[7)
.005+M[5]+M[8] ; .115+M[9]+M[12] 7.0525+M[10]+M[13]
012-M[11]+M[14] .

ent "TRK TO BE USED? [0=0,1=1]",r8

if r8=0;trk O

if rB=1;trk 1 '

ent "FILE TO BE USED?", 0

1af Q,A[*],B[*],C[*];trk O

for H=1 to C[27] ;0+T>U

C[H+1]+rl4+rl4

for I=1 to 14 :

Alli, I]-B[H, 1]+0; abs (0)+0;A [H, 1+14]-B[H, I1+14] +P;abs (P) »P
S[I1O+K;S[I)P+L ;

if A[H,I)<B[H,I);K+A[H, I]+E;jmp 2

A[H,I]-K+E

if A[H,I+l4]<B[H,I+l43;L+A[H,I+l4]+F;jmp 2
A[H,I+14]-L+F : . ’
MII]E+C;M[I]F+D;C+T+X[H,1] ;DHU+Y [H, 1] ;X[H,13+T;Y[H,1]+U
next I .
Y ((X[H,1]-C[24]1) "2+ (Y[H,1]-C[25]) “2) ~J [H, 1] ;C[1)*J[H,1)~J[H,1]
next H . S

sfg 14

for H=1 to C[27]-1

(Y[R, 1]-C[25]) /(X [H,1]-C[24])+r0
(Y[H+1,1]-C[25))/(X[H+1,1]~C[24] )+rl

atn((rl-r0) /(1+rlr0) )»R[H,1)

R[H,1]/57.296+R[H,1]

next H :

cfqg 14
721
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: fmt 1, 13x,£2.0,5x,2(10.4,£20.4,/
: for L=l to C[27]

towrt 7.1,H,X[H,1),Y(H,1),3([H,1]

: next H

gsbh "store"

: dsp "PROGRAM DONE"

trk 0;1df 15

"store":

22+C[27]

ent "FILE TO BE RECORDED?" 0
trk 1; rcf Q,C[*],R[*);trk O
ret

217



' 218

0: dsp “CENI‘ER OF MASS KINEMATICS (2)" beep;wait 1500 i
1: £xd 4 , )

+2: for N=1 to 7

3: wtb 7,27,10 wtb7 27,10; wtb7 27,10 wtb? 27,10 ;wtb 7,27,10;wtb 7,27,10
4: next N

5: wtb 7,27,10 N

6: ent "FILE TO BE USED?",Q

7: trk 1;1df Q,C[*],R[*];trk O

8: for‘H=l to C[27]-1

9: R[H,1]/C[H+1]+A[H,1]

10: next H

11: for H=1 to C[27]-2

12: (A{H+1,1]- A[H,l])/(C[H+l]+C[H+2])-vB[H 1]

13: next H

14: fmt 2,60x,f10.4,2f20.4

15: fmt 3,110x,£20.4 .

16: for H=1 to C[27]-1

17: wrt 7.2,C[H+1),R[H,1],A[H,1]

18 ¢ if KC[27]-1;wrt 7.3,B[H, 1) o

19: next H -
20: dsp " PROGRAM DONE";end ’

*4184
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0: dsp IRODY ANGLES: SHOULDER/HIP";wait 1500 '
1: dsp "DATA FOR ANGLE ANGLE DIAGRAMS";wait 1500
2: dim A[22, 28],B[22,28],C[27], A$T35)
3: fxd 4
: ent "NUMBER OF TRIALS",N
5: for T=1 to N
6: ent "I'RK TO BE USED [0=0, 1-1]9"
7: if r8=0;trk 0
8: if r8=1;trk 1
9: ent "FILE TO BE USED?",
10: ent "TRIAL ID?",AS$
11: 1af Q,A[*],B[*],C[*];trk 0
12: sfg 14
‘13: for H=l to C[27]
14: Y ((B[H,3]-A[H,3]) 2+ (B[H,171~-A[H,17])"2)+r0
15: y((A[H,9]-A[H,3}) 2+ (A[H,23]-A[H,17])"2)+rl
16: Y((B[H,9)~A[H,9]) "2+(B[H,23]1-A[H,23])"2)+r2
17: Y((A[H,23]-B[H,17])) "2+ (A[H,9]-B(H,3])) "2) +r3
18: Y ((B[H,9]-A[H,3])"2+(B[H,23]-A[H,17])"2)+r4
19: acs((r0”2+rl”2-r3°2)/(2*r0*rl) )+A[H,3];A[H, 3] /57.296+2[H, 1]
20: acs((rl”2+r2"2-r4°2) /(2*rl*r2))>A[H,4];A[H,4]/57.296+A[H,2]
21: next H -
22: wtb 7,12 -
23: fmt 1,10x,15"*",x,c28,x,15"*", /:wrt 7. l,"DATA FOR ANGLE/ANGLE DIAGRAM"
24: fmt 2,10x,c35,/;wrt 7.2,AS
25: fmt 1,10x,60"*",/,/:wrt 7.1 :
26: fmt 3,20%x,2c25;wrt 7.3, "SHOULDER ANGLE","HIP ANGLE"
27: fmt 4,10x,cl0,2c25,/,/;wrt 7 .4,"FRAME # ","(IN RADIANS)"," (IN RADIANS)"
28: for H=1 to C[27] ;
29: fmt 6,14x,£2.0,10x,f7.4,x,cl,f9 .4, cl,6x,f8.4,%x,c1,f9 .4,cl, /
30: wrt 7.6,H,A[H, l]r"("rA[Hr311 ")"rA[HIZ]I" ",A[l1,4]," "
31l: next H y :
32: next T
*]12238 o : -
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dsp "BODY ANGLES: SHOULDER/HIP";wait 1500

dsp "DATA FOR ANGLE ANGLE DIAGRAMS";wait 1500

: dim A[22,28],B[22,28],C[27],A$[35]

fxd 4

ent "NUMBER OF TRIAI.S"

: for T=1 to N

ent "TRK TO BE USED [0=0,l=1]?",r8

if r8=0;¢trk O

if r8=1;trk 1

ent "FILE TO BE .USED?",Q

: ent "TRIAL ID?%,AS$ :

: 1df Q,A[*],B[*],C[*];trk O

: sfg 14

: for H=1 to CJ[27]

: Y ((B[H,31-A[H,3]) "2+ (B[H,17]-AlH, 17]) 2)+1r0

: Y ((A[H,9]1-A[H,3]) "2+ (A[H,23]-A[H, 171 )" 2) +rl

: Y((B[H,9]1-A[H,9]) "2+ (B[H,23]-A[H,23])"2)+r2

: Y((A[H,23])-B[H,17]) "2+ (A[H,9]-B[H,3] )“2)»:3

: Y((B[H,9]1-A[H,3]) "2+ (B[H,23]-A[H,17] )" 2)»r4

: acs((r0"2+4r1"2-r372) /(2*r0*rl) )+»A[H,3];A[H, 3] /57.296+A[H, 1]

: acs((rl”2+4r2°2-r472) /(2*rl*r2) )»A[H,4) ;180-A[H, 4]->A[H 4]

: All,4)/57 296+A[H,2]

: next H

: ent "CORRECTIONS? [0=STOP]",

: if C=0;dsp "EDIT. DONE"-walt lSOO,gto 32

25: ent "SHOULDER [1], HIP [2]",r6

26:.-ent " FRAME TO EDIT?",H :

27: if r6=1;dsp "CURRENT SHOULDER VALUE=",A[H, 3] ;wait 1500

28: if r6=l;ent "NEW SHOULDER VALUE=",A[H,3];A[H, 3]1/57.296>A[H, 1]

,29: if r6=2;dsp "CURRENT HIP VALUE=",A[H,4] ;wait 1500

30: if r6=2;ent "NEW HIP VALUE?",A[H,4];A[H,4]/57.296+A(H, 2]

3X: gto 23 v

32: wtb 7,12, 13

33: fmt 1,10x,15"*" ,x,c28,x,15"*",/;wrt 7.1, "DATA FOR ANGLE/ANGLE DIAGRAM"
34: fmt 2,10x,c35,/;wrt 7.2,A$ v
35: fmt 1, le,60"*",/ /i;wrt 7.1

36: fmt 3,20x,2c25;wrt 7.3, "SHOULDER ANGLE", "HIP ANGLE"

37: fmt 4,10x,cl0,2c25,/,/;wrt 7.4,"FRAME # ","(IN RADIANS)","(IN RADIANS)"
38: for H=1 toC[27] ,

39:.. fmt 6,14x%,£2.0,10x,£7.4, xclf94,c16x £8.4,x,c1,£9.4,cl,/

40: wrt 7.6,H,A[H, l],"(",A[H 31,")",AlE, 2], " (",AlH, 4],")"

41: next H.

42: wtb 7,13

43: wtb 7,12;wtb 7,13

44: wtb 7,27,84;wtb 7,27 70,1nt(1056)/64,1nt(1056)
45: "angleplot": .
46: wtb 7,27,65,int (420/64), mt(420),1nt(1000/64) mt(].000) A
~ 47: wtb 7,27,46,"|",int(10/64) ,int(10),0

48: wtb 7,27,97, 1nt(420/64),mt(420),1nt(240/64) int (240) ,
49: wtb 7,27,65,int (240/64), int (240) , int (WM) int (300) :
50: wtb 7,27,46,char (95),1nt (10 /64) , int (10¥%,9
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52:
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55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
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wtb 7,27,97,int (1250/64) ,int(1250), int (300/64), int (300)
wtb 7,27,79,int (420/64), int (420) ,int(300/64), 1nt(300)
for H=1 to C[27]

A[H,2]*200+X;A([H,1]*160+Y

wtb 7,27,65,int (X/64), int(X) ,int (Y/64), 1nt(Y)

wtb 7,"0",8

II+1—>H;if ID22;gto 62

A[H,2)*200+X;A[H, 1]*160+Y

wtb 7,27,46,".",int (5/64), int(5) ,0

wtb 7,27,97, 1nt(X/64),1nt(X) int(¥/64) ,int (Y)

jmp =5

wtb 7,27,65, 1nt(0/64) int (0) , int (800/64), int (800)
next T

dsp "PROGRAM DONE! 1"
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47
48:

: wtb 7,27,65,int (240/64), mt(240) int (Y/64), 1

: X[H,1]*15+250+X;Y [H,1]*12+150+Y !
: wtb 7,27,65, 1nt(X/64),1nt(X) int (Y/64), int (

: wtb 7,"0%,8- /
: H+l+H;if H>22;gto 45

: X[H,l]*15+250->X;Y[H,l]*12+150»Y

: wtb 7,27,46,".",int(5/64), int(5),0
: wtb 7,27,97,int(X/64), int(X),int(¥/64), int (Y)

222

s

: dsp “"PATH OF CENIER OF MASS";wait 1500
: dim A[22,28],B{22,28),C[27],S[14),M[14],AS$({1,35], X[22 11,Y[22,1]

5+5[11+5(2]; .436+S[{3]+5[6];.43+S[4]+S[7] ;.28+S[5]+S[8]

: .433+S5[9)+S5[10]1+5{12]+»S[13];.45+5[11]+5([14]

: .096+M[1]); .458+M[2];.033+M[3])+M[6]; .019+M[4])+M[7]; .0065»M[5]+M[8]
: J105+M[9]+M[12];.045>M[10]>M[13];.0145-M[11]»M[14] -

: ent "NUMBER OF TRIAI.S"’" N

: for T=1 to N

ent "TRK TO BE USED [0=0, l-l]",r8

: if r8=0;trk O

if r8=1;trk 1

: ent "FILE # TO BE USED ?",Q

: ent "TRIAL ID?", AS[l] ’

: 1af Q,A[*],B[*],C[*]

: trk O :

: for H=1 to C{[27] ;0+TU ‘ '
: C{li+1)+rl4+rl4 )

: for I=1 to 14

: A[H,I]~-B[H,1]+0;abs (O)»O A[H,I+14])-B[H,1+14])+P;abs(P)+F
+ S[I]O+K;S[I}P+L

: if A[(H,I1<B[H,I];K+A[H, I]+E‘.,gto 22

: A[H I]-K+E «

if A[H,I+14)<BI[H, I+l4] L+A[H 1+14]+F;gto 24

: A[H,I+14)-L+F

: M[I]E+C;M[I])F+>D;C+T+X[H,1];D+U+Y[H,1] ;X [H,1]+T; Y [H, l]*U
: next I :

: next

: wtb 7,27,84;wtb 7, 27 70, mt(1056/64) int (1056)

. "cgplt"

: wtb 7,27,65, 1nt(240/64) int (240), 1nt(700/64) int (700)
: wtb 7,27, 46,"|",1nt(10/64),1nt (10),0

: wtb 7,27,97,int(240/64) , 1Nt (240) ,int(100/64) , 1int (100)
: wtb 7,27,46,char (95), int(10/64),int(10),9

s Y{1, 1]*12+150->Y

wtb 7,27,97,int (1000/64) , mt(lOOO) 1nt(100/64) int (100)
t (Y)
for H=1 to C[27]

jmp -5

: wtb 7,27,65,int (0/64), int(0), int (800/64) , int (800),

fmt- 1,30x,2c25,/,/;wrt 7.1, "PATH OF CENTER OF MASS :",AS$[1]
wtb 7,27,65, int:(750 /64), int (750) , int (200/64) ,int (200)
wtb 7,12,13
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dsp "CENTER OF MASS KINEMATICS";wait 1500

dim A[22,28],B[22,28]},C[27],R[22,1},AS[50] ,KS[14,11]

dim s(14],M[14],X [22,1],Y([22,1],HS(7,35], F$[7, 8]

fxd 4

"HEADHNECK"+K$ [1] ; "TRUNK"+K$ [2] ; "R.UPPER ARM"+KS[3] ;"R. ARM"+KS [4]
"R. HAND"»K$[5] ;"L.UPPER ARM"+KS[6];"L. ARM"+KS[7];"L. HAND"+KS[8]
"R. THIGH"+K$[9];"R. LEG"»K$[10];"R. FOOT"+K$[H],"L. THIGH"+KS$ [1 2]
"L. LEG"+KS$ [13];"L. FOOT"+K$[14]

5+5[1]+5(2];.436»S[3]1+5(6) ; .43»S[4]+S (7] ;.28+5([5]+5(8]
.433+5(91+5[10]1+S[12]+5[13] ; .45+»S [11]*8[14]

10: .077+M[1]; .463+M[2];.03+M[3]+M[6]; .0155+M[4]+M (7]

11: .005+M[5]+M[8]; .llS«»M[9]->M[12] ; .0525»M[10]->M[13]

12: .012+-M[11]-M[14].

13: "HIGHEST CAST TO HIPS AT HB LEVEL  "+H$[1]

WO WK O

14: "HIPS AT HB LEVEL "+H$ [2]
15: "HIPS AT HB LEVEL TO HIPS BELON HB "»HS[3]
16: "HIPS BELON HB "HS$[4)
"17: "HIPS BELOW HB TO HIPS AT HB IEVEL "+HS[S5]
18: "HIPS AT HB LEVEL "sHS[6]
19: "HIPS AT LEVEL OF HB TO FINISH © SIS (7]

20: ent "NUMBER OF TRIAIS?",N
21: for W=l to N
22: ent "TRIAL ID?",A$
23: ent “"TRK TO BE USED? [0=0,1=1]",r8

24 : if r8=0;trk O
25: if r8=l;trk 1
26: ent "FILE TO BE USED?",Q
27: 14f Q,A[*],B[*],C[*];trk O
28: wtb 7,12

29: fmt 1,10x,85"*",/;wrt 7.1
30: fmt 2,10x, 2c35,/;wrt 7.2,"ANGULAR KINEMATICS: CENTER OF MASS",AS;wrt 7.1
31: fmt 3,25x,cl0,2c20

32: wrt 7.3,"TIME" ,"DISPLACEMENT " ,"VELOCITY"
33: fmt 4,10x,cl5,cl0,2c20,/,/

34: wrt 7 .4,"BETWEEN FRAMES","sec","rad", "rad/sec“
35: for G=l to 7

36: O>r3+r4+r5+16
. 37: for H=1 to C[27];0+-T»U

38: C[H+1]}+rl4»rld

39: for I=1 to 14
“40: A[H, I]-B[H, 1]+0;abs (0)+0; A[H I1+14]1-B[H, I+l4]+P abs(P)+P
41: S[1]O+K;S[I]P>L

42: if A[H,I]<B[H,1];K+A[H,I]+E;jmp 2

43: A[H,I}-K+E

44: if A[H,I+14)<B[H,1+14];L+A[H, I+l4]->F jmp 2

45: A[H,I+14)-L~F

46 : M[I])E+C;M[1]P+D; C+T->X[H l] ;DY [H,1]:X[H,1]-T; Y[H 1]+U
47: next 1

48: next H

49: if G=l;for Bl to 5

50: if G=2;for H=6 to 7
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51:
52:
53:
54
55:
56:
57:
58:
59:
60:
6l:
62:
63:

64:

65:

66:
67:
68:

6%:

70:

71:

if G=3;:for H=6 to 10

if G=4;for H=1ll to 12

if G=5;for H=1ll to 15

if G=6;for H=16 to 17

if G=7;for H=16 to 21

sfg 14

(Y[H,1]-C[25)) /(X [H, 1]-C[24])+r0
(Y[H+1,1]1-C{25]))/(X[H+1,1]-C[24])+rl

atn ((r1-r0)/(1+rlr0) )»R[H, 1]
R[H,11/57.296+R[H, 1] ;R[H,1)+r3+r3

C[H+1]4+r5*r5

next H

r3/r5+r4

cfg 14

frmt 5,10x,c35, /,wrt 7.5,HS[G]

"l TC 6"*F$[l],“6 TO 8"+F$[2);"6 TO 11"»FS$[3]1;"11 TO 13"*F$[4]
"1l TO 16"+F$[5];"16 TO 18"+FS$[6]1;"16 TO 22"+FS$[7]
fmt 6,10x,cl5, flO .4,2£20.4,/,/:wrt 7 6, F$[G] r5,r3,r4
next G

next W

dsp’ "PROGRAM DONE! 1!!".
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O @A B WN O

: dsp "ANGULAR KINEMATICS"™;wait 1500
: dim A[22,28],B[22,28],C[27], R[22,1],AS$[1,35] ,KS[14,11]
: dim H$[7,35],FS(7,8]
;. fxd 4
: "HEAD+NBCK"->K$ [1] ;"TRUNK"+KS [2] ; "R.UPPER ARM"+KS[3]; "R. ARM"+KS$[4]
: "R. HAND"+KS$[5] ;"L.UPPER ARM"+KS [6];"L. ARM"+KS [7] ;"L. HAND"+KS$ 81
: "R. THIGH"+KS[9];"R. LEG"+KS[10];"R. FOOI‘"+K$[1J.],"L THIGH"->K$[12]
¢ "L. LIEG"»KS$[13);"L. FOOT"+KS[14]
: "HIGHEST CAST TO HIPS AT HB LEVEL "+HS[1]
: "HIPS AT HB LEVEL "-’H$[2]
10: “IIIPS AT HE LEVEL TO HIPS BEION HB "+11$[3]
11: "HIPS BELOW HB "+HS [4]
12: "HIPS BELOW HB TO HIPS AT HB IEVEL "+HS[5]
13: "HIPS AT HB LEVEL "+HS [6]
14: "HIPS AT LEVEL OF HB TO FINISH "+HS [7]
15: "1 T0 6"+FS$[1];"6 TO 8"+F$[2];"6 TO 11"+F$[3];"11 TO 13"+FS$[4]
16: "11 TO 16"+FS$[5];"16 TO 18"+FS[6];"16 TO 22"+FS{7)]
17: ent "MUMBER OF TPIALS?",N
18: for W=l to N :

19: ent "TRIAL ID?",AS$[1]
20: ent "TRK TO BE USED? [0=0,1=1]",r8
21: if rB=0;trk 0
22: if r8=1;trk 1
23: ent "FILE TO BE USED?", C
24: 1df Q,A[*],B[*],C[*];trk O _
25: 'ent "NUMBER OF SEGEMENTS TO ourpuT?",S
26: for T=1 to S
27: ent "SEGMENT TO OUTPUT (KSI[#])?2",r9
28: r9+I
29: wtb 7,12
30: fmt 1,10x,85"*",/:wrt 7.1
31: fmt 2,10x,c2Q,cll, 35,/ .
32: wrt 7.2,"ANGULAR KINEMATICS: ", KS$[I],AS[1];wrt 7.1
. 33: fmt 3, 25x cl10,2c20
34: wrt 7.3,"TIME", "DISPLACEMENT", "WELCCITY"
35: fmt 4,10x,cl5,cl0,2¢20,/,/
36: wrt 7.4,"BETWEEN E‘RAMES" "sec" "rad","rad/sec“
37: for G=1 to 7
38: 0>r3+>r4+r5+r6
39: if G=l;for H=l to 5
40: if G=2;for H=6.to 7
41: if G=3 ;for'H=6 to 10
42: if G=4;for H=11 to 12
43: if G=5;for B=1l1l to 15
44: if G=6;for BH=16 to 17
45: if G=7;for H=16 to 21
46: r9-+1
47: sfg 14
48: (A[H,I+14]-B[H,I+14)] )/(A[H,I]—B [H,I1)+>r0
49: (A[B+1, I+14)-B[H+1,I+14])/(A[IH+], I]—B[H+l I1)»rl
50: atn{(rl-r0)/(1+4rlr0))+R[H,1]
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51: R{H,1]/57.296+R[I],1];R[H,1]4+r3+r3

52: C[H+1]+r5+r5

53: next H

54: r3/r5+r4

55: cfg 14

56: fmt 5,10x,c35,/;wrt 7.5,HS[G]

57: fmt 6,10x,c15,£10.4,2£20.4,/,/:wrt 7.6,FS[G],5,r3,r4
58: next G ‘ '
59: next T

60: next W

61: dsp "PROGRAM DONE!!1!"
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0: dsp "ANGULAR KINEMATICS" ;wait 1500

l: fxd 4

2: ent "TRK TO BE USED [0=0, l-—l]?",rB

3: if r8=0;trk O

4: if r8=1;trk 1

5: ent "FILE # TO BE USED ™,0

6: dim A[22 28], B[22,28],C(27], Z$[23 36],K$([14,11],R([22,1],A$(1, 35]
7: 1df Q,A[*],B[*],C[*];1df Q+1, 28, KS;trk O i
8: prt " SHGMENT CODES";spc ;fmt ,£3.0,dl4

9: for I=1 to 14

10: wrt 16,1,KS[I]

11: next I;spc 3

12: ent "TRIAL ID?", AS[1)

13: ent "NUMBER OF SEGMENTS TO oureur?”,N

14: for G=1 to N

15: ent "SEGMENT TO OUTPUT [K$[#)]?",r9

16: sfg 14

17: for H=1 to C[27]1-1

18: r9+I

19: (A[H,I+14]-B{H, I+14])/(A[l, I})-B[H,1])+r0

20: (A[H+1, I+14]-B[H+1, I+14] ) /(A[H+1, I]-B [H+1, I] )»rl
21: atn((rl-r0)/(14r0rl))+R[H,1]

~ 22: R[H,1]1/57.296+R[H,1]

23: next H

24 : cfg 14

25: for H=1 to C[27]—l

26: r9+1

27: R{H, 1] [H+1]+A[H, 1]

28: next H

29: for H=1 to C[27]-2

30: r9+I

< 31: (A[H+]1,1]-A{H, I])/(C[H+l]+C[H+2])+B[H I}.

32: next H

33: wtb 7,12

34: fmt 1,10x,75"%",/;wrt 7.1

35: fmt 2,10x,c20,c15,c35,/;wrt 7.2, "ANGULAR KINEMATICS)\]:,Ksm (BS[1]

36: wrt 7.1;fmt 3,/,/,20x c5,3c20;fmt 7,10x,¢10,c5,3c204/,/
37: wrt 7.3,"TIME" "DISPIACEMBNI‘" "VEL(I:ITY" "ACCELERATI i
38: wrt 7.7,"FRAME § “,"sec","rad", "rad/sec" ,"rad/sec/sec"

39: fmt 4,14x%,£2.0;fmt 5, 20x, 6 .4, 2f20 4

40: fmt 6,65x,f20.4

41: for H=1l to C[27]

42: wrt 7.4,H;if K=C[27]-1;gsb "output "

43: next H .

44: next G

45: "output":

"46: wrt 7.5,C[H+1],R[H,1) ,A[H,I]

47: if H<C[27]-l°wrt 7.6 B[H,I] swtb 7, 27 10 -
48: ret
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dsp "DEFLECIIONS OF RAIL";wait 1500

dim A[(22,28],B[22,28},C[27],X[22,1],¥Y([22,1),L[22,1]),AS{35]
ent “"NUMBER OF TRIALS?",T

for G=1 to T

ent "“TRIAL ID?",AS A

ent "TRK TO BE USED? [0=0,1=1]",r0

if r0=0;trk O

if rO=l;trk 1

“ent "FILE TO BE USED?",Q

1af Q,A[*},B[*],C[*];trk O

: wtb 7,12

: fmt 1,10x,55"-",/;wrt 7.1

: fmt -2,10x,c19,1x,c35;wrt 7.2, "DELFECTIONS OF RAIL",AS,wrt 7.1

: wtb 7,10

: fmt 3,10x,c¢7,7x%,cl, 14x cl, 12x,cll wrt 7.3, "FRAME $",0%X","Y" ,"LINEAR (cm)"
: wtb 7,10 ‘

: for H=1 to C[27]

: B[H,4]1-C{24])+X(H,1):;abs(X[H,1])+X[H,1]

: B[H,18]1-C[25]1+Y([H,1]);abs(Y{H,1])>Y[H,1]

¢ Y(X[H,1172+Y[H,1)"2)~L[H, 1)

: fmt 5,13x,f2.0,3x,f8.2,5x,f8.2,8x,£8.2,/;wrt 7.5,H,X[4,1},Y(4,1],L[H,1]

: next H ‘

22:

next G
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0: dsp "ANGULAFR MOMENTUM STALDER";wait 1500
l: sfg 14
: wtb 7,27,86,int (12/64), int (12)
ent "MASS OF SUBJECT",r0;dim K(2,14]
: dim Al22,28),B[22,28),C[27] (S[14] ,M[14],E [2] /G[2],2(2],1[14},R$(80)
dim N$[14,6],X[22],Y[22]
0+r20;1+r21 ‘
¢ PHN"eNS[1] ;"T"+NS[2] ; "RUA"+NS [3] ; "RLA"+NS [4] ; "RI">NS [ 5]
. llwAll¢b$ [6] ;"LM"*NS[-]] ;|Umll+N$[8] :Nm"*m [9] ;“RLL“*Ns[lO] ;"RF""D]Slll]
"LT"+N$[12] ;"LLL"+NS$[13] ;"LF"+NS[14) :fxd 0

.5+5[1]+S[2]; .436+5S([3]+S [6]; .43»S[4]1+S[7] ;.28»S[5]+S (8]
.433+S[9]+S[10]+S[12]+S[13]; A45+5[11]1+S[14)

.096+M[1]; .458+M [2] ;.033+M[3]+M[6]; 019+M[4]+M[7]; .0065+M[5] +M[8]
.105+M[9]+M[12]; .045+M[10]+M[13] ;.0145+M[11]+M[14) :
.0248+1[1]:1.308+1[2]; .0213+1[3]+1(6]; 0076+1{4]+1(7) _

.0005+1 (5] »1 [8);.1052+1[9]+I[12] ;.0505+I [101+1[13];.0038+1 (11]~I[ 14]
fmt 8,10x,c, 3x,f4.1,x,c
: ent "SMJECT I.D.",AS;wtb 7,--10,10,10,10,10,10,13;wrt 7.8,A$,r0,"'Kg"
wtb 7,10,10; fnit 0, c6, z
: ent "TRK? [0=0,1=1]",r8

if r8=0;trk 0

if r8=1;trk 1
ent "FILE # TO BE USED ?",C )
. ldf QIA[*]’B[*E]'C[*] - r
24: trk O ' ‘ ,
5: fmt 4,/,19x,8¢c10,/ ;wrt 7.4,"LOC", "Hr","Wr","Ir" ,"Hcm", "Wem"”, "Iém”
: fmt 1,10x,£2.0,x, £6.2; fmt 2,19x,7f10.2 '
for H=1 to C[27];0+T>U
for S=1 to 14 . _
29: A[H,S]—B[H,S]-»O;abs(O)@;A[H,S+l4]—B[‘H,S+l4]*P;abs(P)-»P
30: S[S]O+K;S[S]P~>L ‘ '

31: if A[H,S](B[H,S] ;K+A[H,S]->E;jmp 2

32: A[H,S]-K-E :

33: if A[H,S+14]<B[H,S+14] ;I+A[H,S+14)+F; jmp 2

34: A[H,S+14])-L+F

35: M[S]E-»C;M[S]F*D;C*T*R;MU*Q;R*T;Q»U

36: next S ;

37: ReX[H];Q+Y[H]

38: next H -

39: for Q=1 to 14;M[Q)r0+M[Q] ;next Q
40: for H=1 to C[27]-1
" 41: 0+r2+r4;C[H+1]+T
42: for S=1 to 14

43: 1.C

44: for F=H to B+l :

45: abs(A[F,S)-B[F,S])S[S])+K

46: abs(A[F,S+14]-B [F,S+14]))S{5]+L

47: if A[F,SI<B[F,S);K+A[F,S]+E[C] jmp 2
48: A[F,S])~K+E[C] o

49: if A[F,S5+14]<B[F,S+14];I+A[F,5+14]G[C]; jmp 2

50: A[F,S+14]-1~G[C] ’
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51:
52:
53¢
54 :
55:
56:
57:
58:
59.
60:
6l:
62:
63:

64: %

65:
66:
67:
68:
69:
70:
71:
72:
73:
74:
75:
76:
77
78 :
79:
80:

© 81:

82: %
83:
84:
85:
86:
87:
88:
89:
90:
9]:
92
9

230

if C=1;M[S]E[C]+rO;M[S]G[C)+rl;r0+r2+r3;rl+rd+r5;r3+r2 ;r5+r4
if A[F,5]-B[F,S]=0;9"98+%;jmp 2
A[F,S)-B(F,S]+Z
(A[F,S+14]-B|[F,5+14])/2+2(C]
C+1+C
next F
% "r32=XsM x-x+1 ; r33=YsM x-x+"
(E[2]1+E[1))/2+r32;(G[2)1+G[1]) /2+r33
% "r45=XM AVE;r4 6=YCM AVE"
(x[m +X [H+1))/2+145; (Y[H]+Y[H+l] )/2+r46
"r34=Radius Ril-sQv"
C[25]+r3l,C[24]+r30
¥ ((r33-r31) "2+ (r32-r30) “2)C[1] /100+r34
"r39=Padius s ~ CM"
Y ((£33-r46)” 2+ (r32-r45)"2)C[1]/100+r39
$ "r35=Slope RH/sM in x"
(C(25]1-G[1])/(C[24]-E[1])~r35
% "r36=Slope Ri/sM in x+1"
(C[25]1-G{2]})/(C[24]-E[2])+r36
% "Slope CM sOM in x"
(GI1)-Y([H])/(E[1]-X[H])+»r37
% "slope CM sM in x+1"
(G[21-Y[H+1])/(E[2}~X[H+1])+r 38
% "r40=Ws about RII"
atn((r36-r35)/(1+r35r 36) ) /57 .3 /T+r40
% "r50=Hs about RH"
M[S]r34" 2r40+r50
$ "W Q1 about CM"
atn((r38-r37 )/(1+r37 r38))/57.3/T+r48
% "H s CM"™
M[S] r39” 2r48+r55
"r52=Local Hs"
(atn((z[2] z[1))/(+2{112(2]))/57. 3/T)I[S]*r52
M[S]r34" 2+r51
M([S]1r3972+r70
r55+r52+r55;r50+4r 52+r 50
r50+r60+r60;r52+4r62+r62 ;r51+r61+r61;r55+r65+r65;r70+r71>r71
next S
wrt 7.1,r21,r20;wrt 7.2,r62,r60,r60/r61,r61,r65,r65/r71,r71
0+r60+r61+r62+r65>r71; r20+C[H+1] +r20; r 214+1+r21
next H
wtbh 7,12

«

: end
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)
1
2
3
4
5:
6
7
8

9:

10:
11:

12:
13:
14;
15:
16:
17:
18:
19:
20:
21:
22:
23:
24
25;
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40 :
4]1:
42:
43:
44:
45;
" 46:
47:
48
49:
0
51:
52:
53:
54:

: dsp "IRANS. AND ROT. KIN.ENERGY™;wait 1500

: wth 7,27,86,int (12/64), int(12)

: ent "MASS OF SUBJECT", r0;dim K[2,14)

: dim A[22,28],n[22,28],C[27],5(14],M(14]),E(2],G[2], (2}, 1[14],AS [80]
: dim N3 [14,6] ; "HN"=N$ [1]; ™I"+NS [2] ; "RUA">NS [ 3] ;"RLA"+N5 [4] ; "RH"+NS[ 5]

"LUA"+NS[6] ; "LIA"+NS [7] ;"TH"+NS[8] ; "RT"+N$ [9] ; "RLL"+NS [10] ; "RF"+>NS [ 11]

: "LI"sNS[12] ;"LLL"+NS[13] ;"LF"»NS$[14] ;fxd O

S5+S5[1]+5[2]; .436+S[31+5(6] ;.43+S[4]+S[7] ;.28+5[5]+S[8]

-433+5(9]+5[10]+5112]+5[13] ;.45+S[11]+S[14])

.096+M[1] ; .458+M[2]; .033+M[3]+M[6]; .019+M[4]+M[7]; .0065+M[5]+M (8 )
.105+M[9]+M[12]; .045+M[10]+M[13] ; .0145+M[11]-M([14] |
.0248+1(1];1.308+1(2];.0213+1[3]+I(6]);.0076+1[4])+1[7]

.0005+1[5] +»1{8];.1052+I[9]+1[12);.0505+1[10]+I[13];.0038+1{11])+I[14)

ent "SUBJECT I.D.",AS;wtb 7,10,10,10,10,10,10,13;wrt 7," ",AS,10,"Kg"
wtb 7,10,10;fmt 0,c6,2
for Q=1 to 14;M{Q]Jr0+M[Q] ;next Q
ent "TKK?[0=0,1=1]",r8
if rf8=0;trk O
if rB=1;trk 1
ent "FIIE # TO BE USED ?",Q
1df Q,al*],B[*],C[*]
trk 0
frt 8,/,2x,c,/;wrt 7.8, "ENEFGY IN JOULE"
fnt 9,f6.1,2z;wtb 7,32,32,32,32;wtb 7,27,77
for J=1 to l4;wrt 7, N$[J] rext J;wtb 7,10,13
for H=1 to C[27] 1
0+r2+r4;C[H+1]+T
for 5=1 to 14
1+C o
for F=li to H+1 : o
abs (A[F,S]-B[F,S])S[S}+K
abs (A [F,S+141-B[F,S5+14]) )5([S]+L

if A[F,S1<B[F,S];K+A[F,S]+E[C] ;3
A[F,S]1-K+E[C]

if A[F,S+14]<B[F, s+14}] sL+A[F, s+141:$ ];jmp 2
A[F,S+14]-L+G[C] .

if C=1;M[S]E[C]+rO;M[S]G[C]+rl; il
if A[F,S]—B[F,s]=0;9*98»z;jmp 2.
A[F,S1-B[F,S]+2
(A[F,S+14]-B[F,S+14] ) /22 [C]
C+1+C i

next F .

if 1+2[112[2]1=0;-1»r6+K[1,S);jmp 2
(atn((z[2)-2(1])/(1+2[1])2[2]))/57.3/T) "2 (.51[S])+K[1, S)+16
(CILIV((E[2]-E[1]) "2+(G[2]~G[1]) "2) /100/T) "2 (.5M[S])+K [2,S]+x7
if S=1;fmt 2,£2.0,x;wrt 7.2,H

6 +V+V;r 7+0+U; wait 100 Ce

next S

for A=1 to 2;for B=l to 14;wrt 7.9,K[A, B}

if A=1 and B=14;wrt 7.9," R=",V

bp3;r1+r4+r5;r3+r2 ;rS+rd

if A=2 and B=14;wrt 7.9," T= ",U," SUM= ",U+
next B;wtb 7,10,13;:next A

00UV ' i
next H;wtb 7,8;fmt 3,£3.0;wrt 7.3,C[27];wtb 7,12
erd 1
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