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CHAPTER I 

ORIENTATION TO THE STUDY 

Introduction 

In a sport such as gymnastics, particularly com

petitive gymnastics, success and proper mechanics of per

formance are inseparable. Because of the emphasis on 

detail and technique in skill execution, it is essential 

that those interested in gymnastics analyze skills scien

tificall y i n order to accurately describe proper technique. 

These findings must then be reported to the coaches so that 

practical application can occur. 

Frede rick (1969) stated "The body of literature 

dealing wi t h the problems and techniques of gymnastic 

analysis and rela ted areas has developed very slowly from 

the late 1930's" (p. 234). Frederick reported that it was 

not until the six t ies that a true interest was recognized. 

At the 1969 Inte rnati onal Gymnastic Symp osium held 

1n Ma~alen , Swi tzerland, several sp eakers pointed out the 

need for scientifica ll y based research. In a review of the 

symposium by ronson (1969 ) , he quo t ed Abe from Japan as 

say1ng, The Japanese federation has se t up basic principles 

to follo and will seek future developmen t in re search of 
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mechanical analysis" (p. 23). Aronson (1969) also quoted 

Appelt from _ Czechoslovakia as saying, 

Continued research with mechanical analysis along 

with the use of science and psychology is of prime 

importance in Czech gymnastics. Psychology, soci

ology , and biomechanics are all playing a role in 

developing the all-around gymnast. The coach and 

gymnast must consider a wider variation of combi

nation s and do continued research of human 

movement. (p. 24) 
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Another speaker from Czechoslovakia, Karas, had a great deal 

to say about biomechanical research in gymnastics. His 

basic premise was that an understanding of the mechanics 

of human movemen t is a prerequisite to good coaching. Be

caus e of the complexity of gymnastic movements, there seems 

to be no end to wha t can be analyzed. Aronson (1969) 

quoted Karas as f ollows , "Time, space, Newton's laws, 

moments of fo rce, accelera tion, vectors, are all important 

in determining the correct movemen t s f or gymnastics" 

(p . 26) . 

The present investigation involved a biomechanical 

analysis of an aerial cartwheel . The aerial cartwheel was 

chosen for three reasons : 



1 .. It is a movement that is basic to women's 

floor exercise. 

2. A female gymnast wishing to excel in tumbling 

should include the aerial cartwheel in her repertoire. 
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3. Little scientifically based knowledge is avail

able on the aerial cartwheel. 

Nelson (1976) pointed out that little research has 

been done concerning optimal performances of aerial cart

wheels. He stated, "Most of the information which could 

be found was based on authoritative opinions and little 

agreement existed among them" (p. 75). 

For the most part, any information Mhich could be 

found pertaining to the proper execution of the aerial 

cartwheel is contained in gymnastic skill instruction 

books (Cooper , 1979; Drury, 1977; Murray, 1979). These 

publications give limited information concerning the im

provement of performance once the basic movements are 

learned. 

In a study under the direction of Nelson (1976), the 

ae ri al cartwheel was analyzed in an attempt to quantify 

and compare selected mechani cal factors which vary with 

different performance levels . It should be noted here that 

even though his study was entitled "A Biomechanical 

An lysis of th e Aeri al Cartwheel " ( el , 19 76, p . 76) , 
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Biesterfeldt (1976), in a review of the study stated, 

"Despite the title, this paper contains no biomechanics. 

It is a statistical analysis of correlation between scores 

awarded by 'experts' and features of performances as ob-

tained from films of the performers" (p. 75). 

Nelson (1976) recommended that, 

three dimensional cinematography should be imple

mented in order to more accurately analyze the 

motions of the body, specifically, the. arms and 

shoulders, which can not be satisfactorily studied 

using only one camera. (p. 7 7) 

In orde r to see all phases, body positions, and body seg

ments, a multip le camera system was used in this 

investigation. 

Purpose of the Study 

The primary purp ose of this study was to determine 

t hrough the use of cinematography, selected biomechanical 

variables involved in the performance of an aerial c a rt

wheel . It \as hoped that the information obtained could 

provid e the gymnastic coach/teacher with a better under-' 

standing of the ski ll. 



Statement of the Problem 

The study entailed a biomechanical analysis of the 

aerial cartwheel as performed by a highly skilled female 

gymnast. According to the rating system of the United 

States Gymnastic Federation, the subject was ranked 

eleventh in the United States just prior to the XX World 

Gymnasti c Championships. 
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The study involved the filming of the subject 

utilizin g a multiple camera system to record the front and 

side view s of the aerial cartwheel. Through analysis of 

the film, the investigator attempted to determine the 

critical mechan ical factors in the performance of the 

aerial cartwhee l. 

Research Questions of the Study 

For this investigation, the following questions will 

be addressed . 

1. Wha t angles of push-off knee flexion and ex

t e nsion a r e exhibi ted in the take-off phase of the aerial 

car t wheel? 

2 . Wha t is the veloc ity of the thigh of the push

off leg ex ensio n, afte r maximum pus h-off knee flexion? 

3 . \ha t are the forces applied to the ground 

during th e take-off phase? 



4. What velocities of the thigh of the kicking 

leg are exhibited in the take-off phase of the aerial 

cartwheel? 

5. What hip positions are exhibited in relation 

to the push-off and landing foot during the aerial 

cartwheel? 

6. What path does the center of gravity follow 

throughout the skill? 

Definitions and/or Explanations 
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For the purpose of clarification the following terms 

are defined: 

Cinematography : "Cinematography is the study of 

human per formance through the use of motion picture film" 

(Northrup, Logan & McKinney, 1974, p. 221). 

Biomechanics : "Mechanics is the study of forces and 

their effects . The application of these mechanical prin-

ciples to human and animal bodies in movement and at rest 

is biomechanics" (Le veau, 1977, p. l). 

Aer· al Cart\ heel : 

This is a leg ski ll ( requiring power from the legs); 

therefore, from the lun ge position (stride position, 

firs o r fron t leg bent, second or rear leg straight, 

shoulde r s directly over the hips, arms relaxed at 



the sides), the gymnast lifts her rear leg up 

and over . She passes through the side plane as if 

performing a cartwheel without the hands. The 

gymna st then lands the skill foot after foot. 

(Murray , 1 9 7 9 , p . 4 6) 
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Push-off leg: The leg (the front or lead leg) which 

thrusts t he body upward during the take-off phase. 

Ta ke -off phase: The period of time which begins with 

the fir st f rame in which the kicking leg is in contact with 

the mat, and ends at the first frame in which the push-off 

le g le aves th e ma t. 

Ta ke -o ff : The action shown in the last frame ln 

wh i c h the push- off leg is in contact with the mat. 

Fligh t phase : The pe riod of time when no part of 

t he gymnast ' s body is i n contact with the mat. 

Landing : The cont a ct of the kicking leg (the lead 

leg) wi t h the ma t af t er the f light pha se . 

P-1 : The camera used to record the f ront v i ew of th e 

aerial cartwhee l at 300 frames pe r se cond . Th e 16mm P-1 

camera was manufactured by Pho t o- Sanies , I n c . 

Locam: The camera used to record t he side v lew of 

the aerial cartwheel at 300 frames per second . The 16mm 

Locam , model number 51-0003 , was manufactured by the 

Redlake Corporation . 



Limitations and Delimitations of the Study 

The study was subject to the following limitations 

and delimitations: 

1. The investigation was delimited to one subject 

who was selected by the investigator on the 

basis of the subject's ability and national 

ranking. 

2. The investigation was delimited to the use of a 

two-camera system. 
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3. The investigation was limited to the ability of 

the panel of experts to select the aerial cart

wheel that was best in terms of correct execu

tion and technique, and to the reliability of the 

investigator in analyzing the films. 

Review of Literature 

A survey of the related literature revealed no pre

vious re search which was identical to this investigation. 

The information presented in this section includes studies 

which were deemed pertinent to the investigation. Although 

biomechanical studies of gymnastic skills have been done, 

little re s earch has been r eported which was app licable to 

this inv esti gation . Most of the review repre sents a sample 
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of authoritative opinions that exist concerning the aerial 

cartwheel. This review will be divided into two parts: 

(a) Research Studies Related to the Aerial Cartwheel, and 

(b) Authoritative Opinions Related to the Aerial Cartwheel. 

Studies Related to the Aerial Cartwheel 

Splithoorn (1973) studied the single foot take-off 

for various tumbling skills. The take-off phase included 

the run, the hurdle, and the beginning of the skill. Split

hoorn stated , "These three parts were the subject of this 

scienti fic and comparative study, because it had been deter

mined that success of a move is largely determined by the 

introductory part" (p . 34). This is true in the aerial 

cartwhee l. 

Th e films were taken in the sporthall of the Higher 

Institute of Physical Education of the Free University of 

Bru sse l s . Two s ubjects were studied, both of whom were 

Belgian champion~ . Ea ch subject was fi lmed performing the 

various sing l e foot take- off gymnastic skills . These films 

were ~hen compared t o the most recent fi l ms of world and 

Olympic champi on gymna s ts . The analysis consisted of a 

qualitative observation of t he films . Followi n g thi s , 

various mechanical factors of each ski ll were discussed . 
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It was found that in somersaults and tumbling moves 

with a floating period, such as the aerial cartwheel, the 

body leaves the floor completely after the take-off. In 

the aerial cartwheel, however, the rotation must be com

pleted without the use of the hands. Splithoorn concluded 

that the take-off phase has much to do with the successful 

rotation of the aerial cartwheel. 

Splithoorn cited several mechanical factors associa

ted with the hurdle and take-off phase of the aerial cart

whee l: 

During the hurdle, the gymnast sw1ngs the arms 

more f orcefully upward. This will give him the 

opportunity to use the arms to their best advan

tage . The f orwa rd inclination, due to speed, is 

not lessened , but causes a hyperextension in the 

hip s and shoulders. The stretched position allows 

both arms to be pulled down quicker and the hips 

to be flexed more for c efu lly . For the ae rial 

cartwheel , a good gymnast of t en choos es the more 

aesthetic form with the s t ret ch ed arms . The push

ing leg , the swinging l eg , and th e arms , are ele

ments to gain hei ght and rotation in the aeria l 

cartwheel . (p . 3 ) 
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Splithoorn felt the extension of the pushing leg is 

a factor in determining the height of the skill; while the 

arms accentuate the rotation. He believed that the center 

of gravity has already passed the pushing foot at this 

point, so that th e extension of the pushing leg and the 

movement of the swing leg act solely in favor of rotation. 

Nelson (1976) conducted a study of the aerial cart

wheel . The primary purpose of the study was to quantify 

and compare selected mechanical factors of the aerial 

cartwheel with the intent being to identify the factors 

which vary wi th differi ng levels of performance. 

Subjects for this study were 17 female gymnasts, 

ranging in age from 15 to 24 years. The subjects were 

videotaped perfo rming the aerial cartwheel. A Vanguard 

Motion Picture Analy ze r was used to collect X and Y co-

ordinates from the film . Following the film analysis, a 

computer program calculated time, distance, angles, and 

velocities based on the X andY coordinates . 

Ba ed on the r es ults of the study, the investigator 

indicat ed th t the hurdle l ength , hip position, angle of 

maximum knee flexion , and the average velocity of exten

sio n af cr maximum knee f l ex ion were the most critical 

fac ors in determining the performance quality of the 

aerial ca r wheel . 



Nelson stated: 

Based upon the findings and within the limita

tions of this study, successful aerial cart

wheels a re characterized by a long preliminary 

step, a marked velocity of extension of the 

pushing leg, and the mid-hip being horizontially 

proximal to the push-off ankle at take-off. 

(p . 7 7) 

I t should be not e d that both studies focused pri

mari l y on t he t ake-off phase of the aerial cartwhe e l. 

Li ttl e atten t ion was g iven to the mechanics of the upper 

body (head , arms a nd s houl de rs), and the landing. In 

orde r to have s u c c essfull y reported the data on the up

per body , a two-camera sys t em would ne ed to have be en 

employed . Only on e came ra was used in the prev iousl y 

mentioned studies . 

Au thoritative Opi nions Rela t ed t o t he Ae r ia l Ca rtwheel 

Cooper (1973) gave the f ollowing advice and d ire c -

tion s on performing the aerial cartwhee l: 

From the hurdle , s tep forward , keep the head 

and chest high , and not allowing the chest t o 

go for' ard of the foot position . Forcefully 

sw1ng the ri ght l eg back-upward; then immedi

ately push very strongly with the le ft foo t . 

12 



Put arms up on the hurdle, and as the swing 

leg action is started, swing them down to 

the sides of the body. The arms may keep 

moving with the body or may be brought to the 

side of the body and bend and remain in this 

position throughout. As the right foot lands 

on th e mat, followed by the left foot, lift 

the head and chest. (p. 4 2) 
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In addition to this explanation, Cooper listed some 

common errors that can be associated with a poor perfor

mance of th e aerial cartwheel. 

1. Uncoordinated hurdle. 

2. Allowing the shoulders and head to drop too far 

forward or mov e forward of the feet. 

3. Insu ffi cient swing, push of the leg, or both. 

4 . Not allowing the body to make a quarter turn as 

the push f oot leaves the mat. 

5. Failure to continue lifting head and chest upon 

landing . (p . 43) 

Schmid and Dru ry ( 1977) de scrib e d th e aerial cart

wheel in a simp lified manner , neg l ecti ng th e hurdle and 

t ake-off . Their direc t ions were simplified by exp laining 

how to perform a cartwheel , withou t th e use o f the hand s . 

The au ho rs m ntioned that the arms (straight or be nt) may be 



used to increase rotation. No mention was made of the 

take-off leg as an aid in rotation. 

Murray (1979) gave a more thorough description of 

the aerial cartwheel in her gymnastic textbook. The de

scription is as follows: 

Th e gymnast stands in a lunge position and 

extends her rear leg and then her front leg. 

She ma intains the position of her shoulders 

ov er her hips while she lifts fore-up~ard from 

the floor . Fr om the lunge position and using 

her legs t o get as much lift as possible with

out piking , the gymnast performs a cartwheel. 

(p. 48) 

14 

Following this exp l ana tion, Murray presented a list 

of corr ections the gymnast could make if problems are en

countered whil e performing the aerial cartwheel. Several 

error s in bod y posi tion were discussed. Again, arms were 

mentioned, but they were not described as being neces sa ry 

or rot a tion . "This is a l eg skill , and because the arms 

arc not n ecessary for rotation , they usually create and 

exagg rate imprope r t echnique " (Murray , 1979, p . 48). The 

author indicated that th e arms s hould be held loosely a t 

th e sides. 
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Murray believed a tucked head would cause the ro

tation to be lower. Thus, the head position should be up 

throughout the skill. Finally, a change of position of the 

shoulders ov er the hips (piking at the waist) would cause a 

poor performance of the aerial cartwheel; thus, a straight 

body position should be maintained throughout the skill. 

Murray also believed the aerial should be taught from 

a stand ing position with no run before the hurdle step. It 

was her belief that this particular teaching technique 

needed to be r einforc ed by the teacher/coach as the student . 

star t s to learn th is skill. If a run was added before the 

gymnast under s tood that her take-off leg ~must be bent at 

t ake-off , the possibi l i ty of performing the skill from a 

straight front leg could result. "Erroneously, the gymnast 

thinks she can get enough power and lift to rotate her body 

from ankle extens ion" ( furray, 1979, p. 48). 

Murray stated , 

A we ll-b ent knee 1n the first or f ront l eg of 

th e lun ge i s essential . The gymnast must u se 

all the l eg s tr eng th available . The quadriceps 

and hamstrings are the major musc l e groups in

volved . This error o f ten occurs when a run 

preced es the ski ll. (p . 48 ) 
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Finally, she explained that a loose body in the air could 

cause the force from the impetus to dissipate and a poor 

aerial cartwheel would result. 

As on e can see, most of the descriptions are very 

sketchy; each author has developed the teaching techniques 

for the aerial cartwheel without regard for the specific 

me chanics required f or a good performance. Each author 

seemed to emp hasize different aspects of the skill, with 

the specifics o f how, when, where, and why left unanswered. 

The us e o f a multiple camera system in this investi 

gation ha a llowed the collection of data not possible by 

a single camera . Becau se of the limitat ~ons of single 

c amera data, th e recommendati on of such investigators as 

Bergemann (1974) , Hall (1978), and Mi ller and Petak (1973), 

have been fol lo wed . All support the thre e- dimensiona l 

analysis of film . 



CHAPTER II 

PROCEDURES IN THE DEVELOPMENT OF THE STUDY 

The purpose of this investigation was to examine 

through the use of cinematography, selected kinematic and 

kinetic as pects of the aerial cartwheel. The present 

chapter enta ils the procedures used. The preliminary pro

cedures, selec tion and description of the subject, selec

tion and description of the instruments, procedures fol

lowed in collec tion of the data, procedures fol lowed 1n 

the analy s i s of the data, and the preparation o f the final 

written report are included . 

Preliminary Procedures 

Prior to initiating the study , several preliminary 

procedur s ~ere follo\ ed . Since a human subject was 

invol ed , appro al was obtained from the Texas Woman ' s 

Uni e r si ty Human Subjects Review Committee . 

Th e investigator surveyed information from documen

t a r y and human sources which was related to the investiga

tion . tenta i e ou tline of th e s tud y was f ormu l ated and 

a p r o \ c d y h the s i s co mm i t t e . A prospectus o f th e 

app ro ved s udy was filed in th e Graduate School at the 

Te -as \\o m n Univcrsi y . rrangements were made to use 

the neccs~ary equi me n and acili ies . 

1 
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Proc e dures in the Selection of the Subject 

Si nc e t h is s tudy was to be descriptive in ·nature, it 

wa s deemed neces s a r y to obtain the best possible perform

a nc e of t h e aerial c a rtwhe e l. While the XX World Gymnastic 

Champion s hips were b ei ng held 1n Fort Worth, Texas, 

December, 1979, seve r a l American coaches were contacted 

for perm1 sion t o film t he ir gymn asts. Of those coaches 

~ho gave pe r miss ion , t he inves ti ga tor chos e th e on e gymna s t 

with th e highest natio na l s t an din g accord i ng to the Unit e d 

States Gymnastic Federa tion Ra nk i n g Sy st e m. Th e s ubject 

select d ag r eed to participate i n the study a nd s i gned a 

consent form permitting the i nves t iga tor to use th e f ilm 

data fo r ed ucational purposes . Th e subj ec t' s r e sume ap 

pears in the appe ndix . 

Proc ed ures 1n the Col l ectio n o f Da t a 

Preparation of th Subject 

Personal da a including hei ght , weigh t , age , years o f 

gymnastic experience and honors or awards received , were 

pro ided b the sub j ec t . The s ubject was instructed to wear 

a regulation competit .on leotard for the filming session . 

One ractice session\ as held to instruct the subject 

as t o h pro ocoJ to e followed i n the filming of th e 

aerial car \h ee l . Sc cral practice aeria l ca rt" heels were 

2rfor 1cd o ensure roper fi lm ing proccdur s . 
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Preparation of the Filming Site 

An outdoor area on the Texas Woman's University 

campus was chosen as the site for data collection. Two 

camer a s were a rranged at 90 degrees to each other, ln 

order to collec t fi l m data from both the front and side 

Vlews. Ea ch camera was loaded, positioned, leveled, and 

focused . Measu reme nts were taken from camera lens to the 

ground , and f rom camera to the center of the performance 

area . A black mark e r was put in th e field of view of both 

ca me r as to serve as the focal point. The distances from 

each camera to th e foca l point were recorded. A piece of 

t ape was placed on the mat to mark th e tak e -off point of 

the aerial cartwheel . A complete description of the instru

mentation used to co llect the data may be found in Table 1. 

Gradu ate students who we r e enrolled in the Depart

ment of Physical Education during the fall of 1979 volun

teered to scr e as members of th e film crew for th e study. 

The crew members ere oriented to the s tudy and th e instru

mentation to be used . Each assisted in the et up of the 

filming si t e and operated the cameras du rin g the data col

lecti on process . 
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Collection of the Data 

Immediate ly prior to the data collection, the pro

cedures were simulated with the subject and film crew 

members. Necessary adjustments were made before the actual 

filming to ok place. 

In order to provide a known measure, film data were 

recorded by b oth cameras of a meter stick held at waist 

level by th e s ubj e ct. Data from the frontal view were 

r e c o r de d a t 3 0 0 frame s p e r s e con d \.\1 i t h a P - 1 Ph o t o s on i c 

motion pi c ture came r a . Data fr om the sagittal view were 

collect ed \vi th a Model 51 Locam motion picture camera; it 

was also set at an operating speed o f 300 frames per second. 

The film used in th e s tudy was Kodak TRI-X Reversal Film 

7278 . 

Several trials of the aerial cartwheel were recorded. 

As a means of do umenting th e research process, color slides 

were taken. Th f il m da t a were submitted to PSI Film 

Laboratories , Dallas , Texas , f or processing . 

Pr ocedures 1n Ana l yzi n g the Fi lm Data 

The follo~ing t eps in analyzing th e film da ta were 

a ken : (a) s e 1 e c t ion of th e a c ria 1 ca rt wh ee 1 to b e an a 1 y ze d, 

(b) synchroniza ion of the fron t and side view da ta, and (c) 

se lec ion of me lt CJn ical procedure in analyzing of th e d a ta . 



22 

Selection of the Aerial Cartwheel to be Analyzed 

After the films were processed, all trials of the 

aerial cartwheel were shown to a panel of judges who were 

rated by th e United States Gymnastic Federation. After 

viewing all trials (6), the judges selected the trial 

which, to their standards, was mechanically and asthetic-

ally the b st performed trial. After tabulation of the 

ballots, it was found that all judges agreed on the same 

trial as being the b es t. This was the trial analyzed by 

the inve s tigator . 

Synchronizing th e Front a nd Side View Data 
0 

Th e Locam and P-1 cameras were equipped with a built-

1n timin g light ge nerator which flas hed at the rate of 100 

times per second. It ,·as possible to verify that the 

cameras were operating at 300 frames per second by counting 

the number of frames within 100 strobe marks on the film. 

There \ e r e three points clearly evident in each 

f i 1 me d 1 eY.' : (a) wh en the push-off foot contacted th mat, 

(b) when th e push-off foot left th e mat, and (c) when the 

kicking leg contacted the mat ( landing) . With the us e of 

a n F & B C E C 0 I S 0 S fa g n as n c . 1 o vi o 1 a 1 6 mm t ab 1 e vi ewe r , t h e 

frames be ,.;ecn th ese po . nts in time \ re manually counted . 

By rna ching he three reference pojnts , it was pas ible to 

synchroniz both · v.s for dig · 1z1ng . Beginning with h e 
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frame showing the push-off foot contacting the mat, every 

tenth frame was digitized to the completion of the skill. 

This yielded 36 frames per view for analysis. 

Analyz in g the Data 

Prel imina ry to analysis of the film data, attention 

was given to the percentage of error inherent in the digi

tizing process. The acc ur acy of the Numonics Graphi c 

Digitizer used to obtain the data points is li sted as plus 

or minus . 020" . The reliability of th e inves tigator in 

digitizing the film ~as found to be .9 99981, as determined 

throu gh the intraclass method (Safrit , 1973). 

The film data were projected by a Lafay e tte Stop 

Action Projector via a system of thre e angled 45 degree 

mirrors via a glass top table. This system was adjusted to 

yield images of a proximately 1/5 life s1ze . The Numonics 

Graphic Dig iti r ~a s interfaced with DEC-system 2050 

comput r for rccDrding th e X andY coordinates . 

Dat a for e e ry tenth frame , from both views , ~ere 

recor~ed in the fo ll owi ng order : (a) the to e touching the 

ground , (b) the ank l e , (c) th e kn e , (d) th hip (same 

side) , (e) th e hip (other s ide) , (f) th e kne e , ( g) th e 

ankl , (h) th oe , (i) shoulder (same s id e as or iginal 

leg) , (j) the elba , (k) he r1s , ( J ) th e finger ti ps , 

(m) oppos1 shoulder , (n) the clho\\ , (o) he \-Vrist , Clnd 

( ) he finger J ps . These da CJ ~,· er submi tt c1 to a 
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program entitled DIG2C (Kelly, 1980). The output was then 

formulated into 3 separate link systems, each containing 

X and Y coordinates in a form acceptable for the program 

KNMTCZ.FOR. 

The KNMTC2.FOR program (Long, 1980) is an inter

active program designed to read X and Y coordinates from 

t wo separate data files and merge them tog e ther into a 

single output file . This output file contained segment 

lengths, and absolute and relative angular displacements 

for each position . 

LAM B. FOR , a version of the program found in 

Plagenhoef's Patterns of Human Motion : A Cinematographic 

Analysis (1971) re vised by Kelly, (1980), was run on each 

of th e three link system outputs of KNMTC2FOR. The out

put of LA 1B . FOR con t ai ne d velocities , accelerations, 

vertical and horizontal forces , morn nts of fo rce, and lo

cation of th e total body ce nt e r of gra vity. 

The fina l step of this process was us e of the program 

entitled 1 KL K. FOR (Odorn , 1980); it combined the three 

outpu file of LA1B jnto one complete link system . This 

link w run through LAMB . FOR for a final time to produce 

th e final output. 



Procedures in the Preparation of the 

Final Written Report 
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The final written report was prepared by developing 

chapters in acc ordance with the tentative outline. The 

document was submitted to members of the thesis committee 

for suggestions . A summary of the research was prepared; 

the findings were presented, interpreted and discussed; 

recommendation s for further studies were suggested; and 

appendic es and references were developed. 



CHAPTER III 

PRESENTATION OF THE FINDINGS 

The primary purpose of the study was to determine 

selected kinematic and kinetic aspects of an aerial cart

wheel. An outdoor area on the Texas Woman 's University 

camp us was chosen as the site for data collection. Two 

cameras were arranged at 90 degrees to each other in order 

to coll ect data fr om the front and side views. 

The comput e r program used in the analysis of the data 

was desi gn ed to yield data based on two-dimensional input. 

Data from the front and side views of the aerial cartwheel 

were merg d to obtain a theor e tical third view. Data ob

t ain d from thi program should be viewed not as absolute 

in value, but in a relative sense because the computer 

pro g ram was validated on a moti on whi ch maintained ground 

contact . Becau se of the masslve volume of raw data re-

ultin g from the study , the data are not reproduced in this 

document . 

In this chapt e r the find ings of the inves tigation are 

presen ted and di cussed under the f ollowin g head ings : (a) 

Descr iption of the Subject , (b) Knee Flexion and Extension 

of the Push-off Leg , (c) Velocity of th e Thigh of the 

26 
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Push-off Leg, (d) Pattern of Force Applied to the Ground, 

(e) Velocity of the Thigh of the Kicking Leg, (f) Hip 

Position Rel ative to the Take-off and Landing Foot, and 

(g) Excursion of the Total Body Center of Gravity 

Description of the Subject 

One female gymnast was selected on th e basis of 

ability and national ranking. At the time of data col-

lection, the subject was ranked 12th in the United Stat es . 

Tab l e 2 presents descriptive data relative to the subject. 

Table 2 

Descriptive Data of the Subject 

Age Hei ght 

15 5 I 1/2" 

Weight 

98 Lbs. 

Years of 
Experience 

6 

The s ub j ec t had 6 years o f gymnastic experience and h ad 

competed ln se eral national and international meets . The 

subjec 1 h e i ght was S feet , 1 and 1/2 inch s , and s h e 

' c · gh ed 98 pounds . 
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Knee Flexion and Extension of the Push-off Leg 

Of interest to the investigator was the amount of 

knee fle x ion and extension exhibited by the push-off leg 

during - the t ake- off phase. Table 3 presents the angles of 

knee fle xi on and extension exhibited by the subject during 

the take - off phase of the aerial cartwheel. 

Ta ble 3 

Kne e Flex i on and Extension of the Push-off Leg 
During the Take-off Phase 

Position 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

An g l e a 

(in d egrees) 

140 (2.44) 

126 (2 .1 9) 

123 (2.14) 

122 ( 2 .1 2) 

122 (2.12) 

122 (2 . 12) 

124 (2.16) 

13 0 (2. 26) 

164 (2. 86) 

180 (3 .1 4) 

Movem ent 
of the Knee 

Flexion 

Flexion 

Flexion 

Maximum 

Flexion 

Ex t ensi on 

Extension 

Extension 

1aximum 
Extension 

ote . Position 1 is initial gro und contact . Ten frames 
of film exist between ea ch pos ition analyzed . 

aThc angle represented is th e angle between the s hank 
and thigh of the push-off l eg , meas ured behind 
the knee . 

Values in p rentheses are expr ssed in radians . 
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As shown in Table 3, at initial ground contact, the 

kne e o f the subject's l ea d leg was positioned at an angle 

of 1 40 degrees . Table 3 also reveals that the deepest 

degree of knee flexi on (122 deg r ees ) was maintained over 

a lon ger time span tha n any oth er position. This enabled 

the r ear l eg to develop s ufficient spee d and mom e ntum to 

assist in rotation . 

It c a n also be seen th at th e knee of th e subject's 

lead leg 1ea ched a position of c omp l e t e extens ion (180 

degree s) \vhile still maintaining gr ound cont ac t. This 

extens ion t o 180 from th e exhibited position of maximum 

kne e flcxj on enabled the s ubject to ut i li ze 100 % of the 

thru s t in i ti a t e d by the push-off leg . 

VeJ oc ity of th e Thigh of th Push -o ff Leg 

The ca lculated an gula r velocities o f the thigh of 

he pu s h - off l eg f rom ma ximum knee flexion to extensi on 

ar e pr esen ed jn Table 4 . Values were determined using 

th e hi as he ax i s . 



Table 4 

Angular Velocity of the Thigh of the Push-off Leg 
From Maximum Knee Fl exion to Extension 

Position Displacem ents Velocity 

30 

(Radians) (Radians/Sec.) 

4 

5 

6 

7 

8 

9 

10 

.01 

.06 

.10 

.13 

. 17 

.24 

.40 

Av erage Angular Ve locity= 6.38 

. 3 3 

2.00 

3.30 

4.30 

5.60 

8.00 

13.33 

ot e . Po si tion 4 i s maximum kn ee f l exi on; position 
10 is maxim um kn ee extensi on. 

Table 4 r veals tha t a s t eady i ncr ease in an gular velocity 

oc curr ed beginning a t the p o i nt of maximum kn ee f lexion 

and continued to maximum l eg e t en s ion. Th e l as t t wo 

positions of leg extension exhibited th e h ig hes t ve loc i ty. 

The a crage angular veloci t y from maximum kn ee f l ex ion to 

e.· en s 1011 was found to be 6 . 38 radians / secon d . 

Figure 1 graphically i llustrates th e velocjty o f th e 

thigh of the push-off leg follo ing maximum knee f l exion . 

1 t maximum knee flexion , the angu l ar ve l ocity of the th ig h 
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approach ed zero. As the push-off leg extended, a steady 

rate of velocity was seen. 

Just prior to take-off, knee extension and velocity 

o f the thi gh of the push-off leg increased greatly. Figure 

1 illust ra t es th a t this was the period of time of the 

highest ve locity of the thigh. 

Pattern of Forc e Applied to the Ground 

Fi gure 2 graphic a lly presents the force curve of the 

t ake - off phase of the aerial cartwhee l. As the knee of the 

push-off leg moves tow ard maximum flexion , a steady increase 

jn force p roduction i s seen . The force curve reveals a 

slight deer ase in force durin g maximum flexion , indicating 

that a h es it a tion prior to extension took place at this 

ti me . This s li ght hesita tion enabled the kicking leg to 

b gi n movement , h nee dev e lopin g sufficient sp e ed in order 

to coordina e l i f t along' ith extensi on of the push-o ff l eg . 

As th e pu~h-off le g r esumed ex t ensio n, the pattern of 

fo rc e in creased . \h en the pus h-off leg reached maximum 

extcn~ion , the Jine of th e center of gravity moved to a 

po ition pcrp ndicula r to th e push-off foot . This shift 

accoun ed for the J arge amou1 t of force needed to compl e t e 

ma ximum ex ensJon . Figure 2 indicates that the amount of 

fore xcr e at tak -off was 242 . 5 pound s . 
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Velocity of the Thigh of the Kicking Leg 

Table 5 presents the calculated angular velocities 

of th e thi gh of t he kicking leg during the take-off phase 

of the aerial cartwh ee l. Va lues were determined using the 

hip as the axis . 

Tab le 5 

An gular Ve lo city of the Thigh of the Kicking 
Leg in th e Take-off Phase 

Po s ition 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

Displacement 
(Radians ) 

.03 

. 15 

. 24 

.26 

. 27 

.31 

.33 

. 36 

.3 8 

Average Angular Velocity 

Velocity 
(Radians/Sec . ) 

1 . 16 

5 . 00 

8 . 00 

8 . 72 

9 . 30 

10 . 50 

11 . 05 

12.21 

12.79 

7 . 97 

The greatest change 1n ve lo city occ urred d ·rectly after the 

thigh b gan mo 1n g . A steady increa e 1n velocity was 

s een as th e thigh continued to move in an upward direction . 

The ave ra ge angular cloci ty from gr ound contact to maximum 

heigh was found to be 7 . 97 radian s / s econd . 

34 
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Figure 3 graphically illustrates the velocity of the 

thigh of the kicking leg during the take-off phase of the 

aerial cartwheel. The greatest increase in velocity oc-

curred just after th e thigh began its movement. A steady 

increas e in velocity was exhibited at subsequent positions. 

Hi p Position Relative to the 
Take-off and Landing Foot 

The hip po s ition in relation to the push-off foot 

during the t ake -off phase of the aerial cartwhe e l was 

inves ti gated . Fi gure 4 presents these position data in 

graphic f orm. As can be seen in th e fi gure, the hips 

were beh ind th e ankl of the push - off foot a t th e b eg in-

n 1ng of th e tak e -off phase . At maximum kn ee flexion, the 

hip had moved for\ ard , clo ser in with the foot; they re-

ma1n d behind th e ankl e . At take-off, the hip s were di -

rectly in line wi th the fo ot. This po s ition allowed the 

force from the ex tension of th e pu s h - off l eg to be exer t ed 

mo s t efficient ly . Thi s may have a id ed in the production of 

th e most efficient li f t and rotation . 

The positions of t l1e hip s in relation to t h e l andi ng 

foot during the landing phase are s hown in Fi gure 5 . 
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Figure 5 . Hip positions r e lative to 
th e landin g foot . 
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The hips were found to be in front of the landing foot at 

initial ground contact. The subject's total weight had 

not yet been p laced on the landing leg at this time. This 

allowed the perf6rmer to absorb the force of the landing 

most effectively . As the hips moved toward the landing 

f oot, more weig ht was placed on that foot . If, for 

instanc e , the hip s we r e directly over the landing foot at 

initi al gr ound contact , a grea ter amount of force would 

b encount er d by the leg. This could result in injury, 

as th e performer would have a more forceful landing. 

Excur sion of the Total Body Center of Gravity 

Th graph of th e excursion of th e total body center 

of g1avit may be found in Figur e 6. During the take-off 

pha s e of th e aer ial cartwheel , vertical displacement of th e 

center of gr avity \as evid en t. This was primarily because 

of fle xi on o f the knee of the take-off leg, flexion of 

th e trunk , and movement of the arms in a downward direction. 

At t ake-off , th center of gravity ro se wi th the 

ma rk ed e.- en sion of the push-off l eg . As the sub j ect ro

tat ed and assume d a n inv rted po s ition , the center of 

grav i ) le e l ed o ff (fligh ) , and then dropped vertically 

in preparation fo r th e l a nd i ng . The lowest position of 

the center o f gra ity 'a s reached as the sub j ect landed . 
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This was because of the extreme flexion of the trunk, 

flexion of the knee of the landing leg, and the · arms po

sitioned at the sides. This low center of gravity 

assisted 1n the maintenance of balance. This would be an 

important f actor if the gymnast were to perform the aerial 

cartwheel on the balance beam. 

As th e subject completed the skill, the legs and 

trunk ex t en de d . The arms were moved to a position above 

t he hea d f or ae s thetic purposes . This accounts for the 

hi g he r cen te r of gravity at the completion of the skill. 

Ch apte r IV contains a summary of the findings dis

cu ss J on, c on clu s ion, and recommendations f or future 

st udies . 



CHAPTER IV 

SU~WARY , DISCUSSION, CONCLUSION, AND RECOMMENDATIONS 

Th e t eacher or coach of gymnastics must be 

thoroughly aware of the t ec hniques required for the cor

rect performance o f gymnastic skills. Having to resort to 

th e available l iteratur e f or guidance may be a fru s trating 

experience. A s urv ey of the l iterature indicated that 

lit t l e of what is stated with respect to the aerial cart

\h ee l has been s ubmitted to veri fi cation through re search. 

A review of previous studies di sc lo sed that the 

pre ent study did not duplicate any known investigation . 

Mo st of the informatio n f ound was based on authoritative 

opinion s . 

Cooper (1979) , Drury (1977) , and Murray (1979) gave 

descript ions o f the aerial cartwhee l in thei r re spec tiv e 

gymnastic instruction books . These authors ga ve limited 

scientifically based information in their description of 

the prop er techniques of performanceof an aerial cartwheel . 

elson (J9 76) directed an investigation o f the aerial 

carthheel. The purpose of the study was to quantify a nd 

compare s lee cd mechanical factors which varied with dif 

feren per fo mJnce levels . 
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Spli thoorn (1973) studied the single foot take-off 

for various tumbling skills. The purpose of the study was 

to determin e what mechanical factors were involved in the 

single foot take-off phase of thes e skills. 

In the present study, film da t a were collected on a 

hi gh ly skilled gymnas t. Judges dete rm ined the bes t aerial 

cartwhee l for analys i s . Front and side v iew film data 

were synchroni zed , di giti zed, and merged for subs equent 

comput er ana l ysis . A computer pro gram entitled LAMB . FOR 

,,as ut i l ized to obtain forc es , velocities , ac cel e rations , 

and excursion o f th e to ta l bod y c ent er of g r avity . 

Th e pri ma ry purpo se of thi s study was to de termine 

throu gh th e use of cin emat ograp hy , se l ect ed kin ema tic and 

kinetic aspec ts of the aeria l cartwheel. The inv es ti ga-

tor' s int ent was to answer th e f ollo1 ing r esea rchquestions : 

1 . l\hat ang les of push-off knee f l exi on and ex

tension ar exhibited l n th e take-off phase of the aerial 

cart ·hee l? 

2 . \\h a t lS the velocity of the thi g h of the pu s h 

off l eg xtension , a ft er maximum pu s h-off knee f l exi on? 

3 . l ha arc the forces ap plied to t } e ground during 

t he ake- of f phase? 



4. What velocities of the thigh of the kicking 

leg are exhibited in the take - off phase of the aerial 

cartwheel? 

44 

S. What hip positions are exhibited in relation to 

the push-off f oot and landing foot during the aerial 

cartHheel? 

6. What path does the center of gravity follow 

throu ghout the ski ll? 

Summary of the Findings 

At initial ground contact fo llowin g the hurdle s tep, 

th e lead leg (push - off leg ) was flexed at 140 degrees. 

The deepest degree of knee flexion (122 degrees ) was main

tained o er a lon ger peri od of time than any other po s ition. 

The knee of the s ubj ect 's push-off leg exhibited a r ange 

of joint movement from maximum kne e flexion (122 degrees) 

to xtension (180 degrees) . The movement occurred while 

the sub ject s till maintai ned contact with the ground . 

Th mos t powerful knee extension o f th e push-of £ l eg 

occurred just prior to take-off . Again , thi s indicates the 

sub j e c t 1 s a b i J it y to u sc th e range of motion to ga in p o '" 9 r 

from the push-off l eg . The g re a t es t amount of vertica l 

force produced by the s ub_i ect was 24 ~ . 5 pounds . This was 

equal o 2 . 7 times h . s ubj ect 1 
_ · actual body \ei ght . 



Th e average angular velocity of the thigh (deter

mined from th e hip) of the push-off leg after maximum 
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kn ee flexion was 6 . 38 radians/second. During the exhibi

t ed maximum knee flexion, a slight hesitation occurred. 

This hesitation a llowed the kicking leg to be g in its move

ment and develop s u ff icient speed and momentum in order to 

coordinate its li f t wi th the extension of the knee of the 

push -o ff leg . 

The hi ghest rate of velocity pr odu ced by the thigh 

o f the ki ck ing leg occurred jus t af ter the l eg began its 

movement. The average angular velocity of the thigh of 

th e kickin g le g from gro und con t act to mijx imum height was 

found to be 7 . 97 radians / second . 

Du ring the take-off pl1ase of th e aeria l c a rtwh ee l, 

th e hip s remained b hind the pu sh- off foot ; th ey moved 

directly 1 11 line with the foot a t take - off . The hip s were 

in front of th e landing foot a t ground contact during th e 

landj n g phase of th e aerial carthwee l. 

Th e path o f th e c enter of gravity initially dropped 

\ertjcally becaus of the fl ex ion of the knee of th e take

off leg , flexi on of the trunk , and movement of the arms 

in a do'' n ward d ire c t ion . I t then r o s e s 1 i g h t 1 y with ex -

tension of the knee of the pus h - off le g . A lev e ling off 

took plac during flight , followed by a s udd en drop as the 
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subject landed. The extreme flexion of the trunk, flexion 

of the knee o f the landing leg, and the arms held at the 

sides contributed to this shift. As the gymnast completed 

the skill, the cent er of gravity rose once again. 

Discussion 

A great misconception often exists as coaches and 

te ac hers of gymnastics analyze skills In order to teach 

them to their students . i'.fa ny be 1 i eve that there is one, 

and only one , correct way to perform a particul a r gymnastic 

skill . Coaches and t eachers analyzing techniques employed 

hy the great gymnasts of th e past and present often try to 

apply th ese techniques to their s tudents, many times with 

disastrous re s ults . The coach must recognize that each and 

c cry gymna s t is di fferent in body build, strength, and 

flexibility . These factors alone will have a significant 

effect on determin in g the most effective technique for an 

indi\idual gymnas t . 

This investigator believes technique is important, 

hut "'hat coaches mu t firs t determine are the basic mechani-

cal principles that exist In ev ery gymnas tic movement . These 

basic principl s an then be applied so that gymnasts may 

detcrmjne and de elop their own technique and s tyle of 

P 'mnastics . ,_., 
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The coach and gymnast should strive for ~fficiency. 

An efficient movement in gymnastics can be described as 

that which p r oduces maximum results, with minimum effort. 

Through application of basic mecl1ani cal principles the 

gymnast can pe rfo rm movements with less effort. The coach 

can recognl ze mistakes more readily and give more effective 

advice to th e performer. 

In thi s secti on, the findings of th e present study 

are assimil a t e d as an explanation o f a n aerial cartwhe e l. 

lention ed arc s ome of the ba si c mechanical principles ln

volv ed in the successful and efficient performance of the 

ski lJ . It is hop ed th at s uf ficie nt insight will be gained 

fro m the findings of th e study and this subsequ ent 

exp l ana ti on . 

In the fo llo\ in g description , certain phases of the 

aerjal carthheel are m nt joned th at were not studied . 

The d e criptions g lven were t ake n f rom the actua l film 

coll ected for thi s inv es tigation . 

1 he in es ti gat or is in agreement with Murray (1 979) 

ln that the aeria l cart\ heel s houl d be l earned from a 

s tanding po s ition , thu s e l iminating the run and hurdle . 

Also , a spo ter shoul be u sed in the initial stages of 

]earning hj s skjll . 
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Starting Positi on 

The arms should be held in an extended po~ition 

above the head. Proper body alignment should be reinforced 

at t h i s point as He ll as at the completion of the skill. 

It app ears that for a ll intents and purposes, the head 

shoul d r emain in a neutral or natural position throughout 

th e entire skil l. 

Ta ke -o ff Pha se 

Elimin a ting the run wi ll force the gymnast to step 

f orwarcl 1 ith the push-off l eg to begin the movement. At 

gro und c on tact , the leg shou ld begin a s low but s tead y 

fl ex ion t o an a ng le of approximate ly 1 20 degrees . The 

posj t . on of th e hip s and shou lders shou l d be facing forwar d 

and l evel. Th e trunk be g ins flexi on at th is point; th e 

a r ms contin u e to rema in extended above the head . It seems 

t ha t the a r ms s houl d not b e allo \ved to move to a position 

h c 1 o ". t h e s h o u 1 de r s d u r in g t hi s ph as e . 

Th pus h - of f leg rema in s flexed as th e rear l eg or 

}· j c . · in g 1 c g b e g in i t s up w a r d movement . The k i c k s h o u 1 d 

he f r-ccful and contj nuou s . Ju s t after the kicking leg ' 

begins i.ts mo\ mc n t , th e pu s h - off leg s hould extend force

fully to 180 egrees (full ext en s ion) . In order for thi s 

to occur , he ki c kjng l eg mu s t not hind e r th e pu s h - of f le g . 
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It may be that a lack of flexibility in the "split" posi

tion would be such a hindrance. 

It appears t hat if the gymnast can not execute a 180 

de gree '' split " of the legs, lift and rotation of the hips 

will begin wher e the r a n ge of motion (flexibility) of the 

kicking le g ends . If there is a lack of flexibi lity, the 

pu s h-off leg will not have enough time to reach full ex

t en ion . Hence , the gymnast will lo se the power that comes 

from th e l a tt er stages o f l eg extension . The more flexible 

th e gymnast is in th e '' s plit'' position, the better chance 

of utili zing the pu sh -of f l eg . This "split" position should 

also be maintained during th e f light phase . 

Th e hips s hould be loc a ted beh ind th e push-off foot 

during th e f l ex ion stage , and move directly over the foot 

as ex ens ion of the l eg takes place . This will allow the 

force from the pu s h-off le g to aid in creating maximum li f t. 

The momentum of the kicking l eg is us ed to contri bute to 

the rotati on . 

It seem that the a rm s s hould fol low a natural pat h 

and not b forced to create lift . If left to follow a 

natural path, th e arms u s ually will no t hind er li f t a nd ro 

tation . It is her e the coach s hould allow the gymnas t to 

det rminc the most comfortabl and ef ective arm swing . 
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Flight 

Onc e th e gymnast l eaves the ground she becomes a 

projectile. The flight p a th of the skill will have already 

been de termin ed at this po int. The velocity of extension 

and th e height of the center of gravi ty are factors which 

determine the f li ght path. Thus, these two factors play a 

most i mpo rt an t rol e in the s ucce ssful completion of the 

skill . "ith a low center o f g r av ity at take- off, the les

ser amount o f f orce will be required in order to create 

rot ation. 

Landin g 

At l andi ng the chest and he a d sh ould be at its low

est point. This 1 i ll ensure a lohrer center of gravity , 

thu s producing gr ater s t abil ity at landing . The kicking 

l eg (no1 · the l anding l eg) shou ld land in line with the 

take-off foot . It appea r s that the foot s hould be pointed 

straight aheac1 . 

. 1he hip s shouJd be in front of the land ing leg . This 

pos . tion al lo1 s th gymnast to absorb the force of the 

J anding in a gradual manner . If t he hips were directly 

o er the landing foot at ·nitial ground contact , a gr a ter 

amount of force and weight wo ul d be encount red by th e l and-

ing le g . s a result many injuries might occur . The hips 
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and shoulders should be positioned forward and parallel to 

the landing surface. 

For completion of the skill, the trunk should be 

brought to an upright position. The arms are brought 

above the head for balance and asthetic purposes. 

Conclusion 

Sel ect ed kinematic and kinetic aspects of the aerial 

cart,,heel have been determined. Within the limitations of 

the study, mechanics related to velocities and positions 

of the push-off and kicking legs; the path of the center 

o f gravity; and the ground reaction forces at take-off 

have been recorded and can be used to evaluate the per

formance of this skill . These should be a valuable addi

tion to the existing literature relative to this skill. 

Recommendations for Further Studies 

For future study concerning gymnastic skills , the 

investigator proposes the following recommendatio n s : 

1. Study other ski lls frequently performed in 

gymnas tic routines . 1ost o f the ski lls freque nt ly per

formed ha e not been scienti f ically analyzed . 

2 . Replicate the stu y coll cting force pattern 

data . 



APPENDIX A 

RESUME OF SUBJECT 

5 2 



RESUME 

NAME: Gigi Ambandos 

AGE: 15 DATE OF BIRTH: 9/4/64 

HEIGHT: 5' 1 1/2" WEIGHT: 

HOMETOWN: Emmaus , Pennsylvania 

TEAM: Parkette Gymnastic Club 

COACHES: Bill and Donna Strauss 

YEARS OF GYMNASTIC EXPERIENCE: 6 

AWARDS OR HONORS: 

98 pounds 
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1977 2nd All-around, Junior Nationals, Houston, Texas 

1978 4th All-ar ound, Junior Elite Nationals, California 

9th All-around, CSSR Cup, Czechoslovakia 

1979 

3rd place, Uneven Bars 

6th place, Floor Exercise 

12th All-around , U.S.A. Championships, New York 

9th All-around , World Game Trials, Oklahoma 

Taiwan Garnes 

9th All-around , 

16th All - around , 

13th All-around , 

9th All-around, 

1st place, Vault, Floor Exercise 

2nd place, Balance Beam 

4th place, Uneven Bars 

Dial Meet , Eas t Germany 

U.S.A. Championships, Ohio 

World Game Trials, Utah 

Japan Junior Invitational , Japan 

2nd place , Uneven Bars 
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