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ABSTRACT

The Prediction of Gymnastic Performance Through an Analysis of Selected
Physical, Physiological and Anthropometric Variables

The purpose of this investigation was to determine the relative im-
portance of selected ﬁhysical, physiological and anthropomet;ic variables
in predicting all-around gymnastic ability and ability in each of the in-
dividual events. A total of 29 female, all-around gymnasts between the
ages of 11 and 13 years, were evaluated on 13 variables: (1) height, (2)

weight, (3) total skinfold, (4) anaerobic endurance, (5) flexibility, (6)

power, (7) strength, (8) agility, (9) maximum aerobic capacity, (10) max- -

imum lactate, (11) heart rate intensity during gymnastic ﬁdutines, (12)
post-exercise lactate and (l3)¥experience. All-around and individual

. Q@ :

event gymnastic’ scores were used in the regression analysis as the depen-
dent variables. All subjects'were divided into two ability groups based
on all-around ;cores (low ability ® 20 points, high ability ¥ 30 po?nts).‘
High ability gymnasts obtained significantly lower scores for agility and
total skin%old and higher scores” for flexibility, strength, average Feart

rate intensity and post-exercise lactate than the low ability gymnas;s.

Prediction equations for gymnastic ability were computed with (R%=.8 § to

\
.940) and without (R2= .815 to .888) the experience variable entered into
the regression analysis. With experience excluded from the analysfs,;ghe
|
flexibility variable was found to be the single best predictor of ability,

i - : - - - . !
however, when the experience yariable was included in the analysis it was

selected as the single best predictor in each equation.
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RESUME \ .

Prédiction de la Performance en Gymnastique  par L'analyse de
Certaines Variables Physique, Physiologique et Anthropometrique

)
Le but de cette &tude etait de déterminer 1'importance
relative des variables physique,'physiologiqu Et %nthropomé-

trique pour la prédiction de 1'habilete en astique ainsi

que l'habileté dans chaque épreuve. 'Un total d 29 jeunes'

filles gymnastes, agees entre 11 et 13 ans, etaient evaluces

cices de gymnastique, (12) 1la quantit; d'acide lactiqu apfis
1'exercice et (13) 1'§xperience. Les résultats total ainsi

qu'individuel utilises pour l'analyse de'régression repré-

'sentaient les variables dependantes. Tous les sujets etaient

divises en deux groupea d'habilete bases sur le resultat

total (habilete basse £ 20 points, habilete haute = 30 points).
Les gymnastea de haute habilete ont gignificativement obtenu
de ??8 resultats pour l'agilite. et pour la graisse totale et
de. hauts resultats pour la rlexibilite. la force, la moyenne
d'ihtensite du rhythme carqiaqpe et la quantite d'acide lacti-
que aprés l'exercice comparativement 'aux gymnastes de basse )
habilete. Les équations pre'dites pour 1'habilete en gymnas-

tique étaient cémpilées avep la variable expérience (32-.878

I3
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'-a
' a ,940) et sans 1 variable-expérience1(R2=,815 a .888)

etant excluse de 1' nalyhe, ia vamgablé'flexibilité etait 1a
, .

meilleure pour la predlction dell'pabilet;. ainei done,

S ’ | : %
lorsque la variable experience était incluse dans l‘*analyse,

[
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. ; CHAPTER 1

/ INTRODUCTION /
/ ~ .
— /
1.1 NATURE AND SCOPE OF THE PROBLEM .
$ h
e Successful participation in any sport requires specific training =«

to deyelop the physical characteristics and physiological capacities
essential to that sport. Specificity of training refers to the develop-
mgnt of the energy system or systems predominately used during the perfor-
mance of the sports ac'tivit/y (Mathews and Fox, 1976), as well as fahysical
" characteristics such as strength, flexibility and body composif:ion which
/ are essential for successful participation. Each sport is unique in that
it requires the develo;;ment of specific characteristics and qualities in
. jts participants to enable them to achieve a hi;}h level of ability and
success in that sport. Obtaining.scientific information concerning t;he
relative importance of specific physiological factors as they affect per-
formance s&ccess is of prime concern when assessing the effectiveness of
present training procedures or in improving existing training techniques.
There are basically three factors which influence physical perfoc-
mance: (1) neuromuscular func\:tion., (2) energy output, and (3) psychological
factors (Saltin and Astrand,wl9/§7) . Gymnastics is primarily a skill
actvivity that. requires the d;:;/elopment of neuromuscular coordination to
_a highly refined level (Drazil, 1971). Although skill development is
vitally important in this sport, the criteriq for evaluating performa;nce
success is' based on the ability to combine these individual skills into .
~a routine. Performing an entire routine, as opposed to a single gymnas'ti‘c_

*

. o skill, requires a significantly greater amount of muscular endurance along.

~
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'with a concomitant increase in tﬁe metabolic level. Also tﬁere are psycho-
‘logical and emotional stresses placed on thg gymnasts when the routines
s ~—

- are performed before an audience.

Despite the relative importance that these factors have on ﬁér-

- formance, very little information is available, particularly conce?ning
the physiological capacity of gymnasts and how this capacity affects per-
formance. Many in%estigators have measured heart r;te response and energy
expenditure during the Eerformance of gymnastic routines in men and women
(Kozar, 1963; Sward::1967; Sprynarova and Parizkova, 1969; Spitzer and
Helliger, 1969; Cumming, 1970; Seliger et al., 1970; Faria and Phillips,

)
1370; and Montpetit, 1972). Few studies have measured aerocbic capacity
in gymnasts (Saltin and Astrand, 1967; Sprynarova and Parizkova, 19?9;
Cumming, 1970; Novak et al., 1970; and Montpetit, 1972). To this
author 's knowledge, the anaerobic respoﬁses of gymnasts has not peen
investigated.
Although there are similarities between the men's and women's

. events, the men's events are characterized by a more extensive involve-
ment of’aé; work (i.e. on the rings, high bar, ;ommei horse, and parallel
bars) and except for the floor exergise event the routines are shorter
in duratién than the longer women's events of balance beam and floor
exercise. Thus, it would be incorrect to make assumptions concerning

the physiological requirements of female gymnasts based on the data

collected on subjects participating in men's events.

' ]
' Previous studies have evaluated such variables as skinfold thick-

. ness (Gates, 197h4; and Pool et al., 1969), énthropometric measurements

(Poollet al., 1969; and Read, 1967),~as well as individual test items

o ~



measuring power (Boyd, 1971; and Pool et ai., 1969) muscula} strenbth and
endurance (Read, 1967; and Wettstone, 1938), and agility (Wettstone, 1938)
in an attempt to predict gymnastic botentjg}. The predicfion equations
and multiple correlations eminating from these stuaies have been computed
solely from physical and anthropometric variables. To this author's know-
ledge,’ no study has investigated the role of physiological variables as
they relate to the gymnast's performance ability, or their relative signi-
o
ficance as compared to physical and apthropometric factors. Also, since
there is very little consistency or overlap in the specific variables
that have been:investigated, as Qell as the type of subject used (as far
as experience and ability Iev;l), it is difficult to evaluate the signi-
‘ficance of these vari;bles on performance ability.

. B

1.2 SIGNFICANCE OF THE STUDY

For training purposes and proper preparation of athletes for
competition, it i{s important to know which phyéiological variables have
the greatest effect on performance. The development of physica{‘charac-

-teristics and physiological capacities is a very important and vital
aspect of s%ill acquisition. To determine the variables which are impor-
" tant in each sport, it is necessary to obtain data on the physiological
response of athletes to general work tasks as well as~during“the actual
participation in their specific sport (Ferguson et al., 1969; and
Montpetit, 1972). I[nformation &n:physiological responses during actual
'participationlin a sport will help isolate those variables which have the

most significant effect on performance ability and determine where train-

o
ing emphasis should be placed.
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Very little is known about the factors that affect gymnastic per-
formance. A need for further information has been expressed. Broms et al.,
(1970) in their study of elite Belgan gymnasts, concluded that ...

%
t

—_ ”...sport'.:: training for top class *ymnrflsts is often
very specific and that a profound examination must
be continued in the field of local muscular endur-
ance, flexibility and cardio~respiratory endurance."
Conc\usive\evidence pertaining to the importance of aerobic and anaerobic
. capacities to gymnastic performance is presently not available.

In the literature there"is considerable disagreement about the
relative‘importance of a?robic capacity in gymnastics. A few researchers
bave measured this capacity in gymnasts but none ﬁave related these vaiues
to ability level (Saltin and @strand, 1967; Novak ;t al., 1968; Cummihg,
1970; and Montpetit, 1972): Their general concensus is that gymnasts as
a group have poor to average’aerobic cabacity and that this capacity is
unimportant in tﬁe performance of gymnastic routines. On the other hand,

many gymnastic authorities and coaches emphasize the importance of cardio-

vascular (aerobic) conditioning for gymnasts (Wolcott, 1964; Wolfe, 1967;

Seliger et.al., 1970; Spackman, 1970; Sokol, 1971; Kjéldsen, 1971; Black

and Johnson, 1975; and Kudrnovsky, 1977Y. Seliger et al. (1970) stated

= that:

'""...gymnastics itself can't sufficientliy develop
the aerobic capacity of the organism to the needed
level, until complementary exercises are added ...
thus the optimum reaction to a given physical load
cannot be attained."

-



The relative importance of anaerobic capacity is similarly unclear:

¢ L)

After an investigatio? of four men's gymnastic events one researcher hypo-
thesized that lactaté/production following the performance of gymnastic
rputines would be negligiblé, due to the brevjty of the activity, but

this has never been Wmeasured (Montpetit, 1972). This researcher further

suggests that measuring\blood lactate levels after gymnastic routines

’() \

. |
would ‘.. .provide a defin|§$ answer to the problem of the energy cost of |

}

gymnastics."

Few studies have measured and evaluated the physiological and
anthropometric characteristics of female gymnasts. Still fewer have
related these variables to perforijpance success. In addition, there fis
no data-available, to this author's knowledge, on the gymnasts' physiolo-

gical response to the floor exercise ‘event or the importance of specific

~

R N .
variables to ability in this event. Characteristics dealing with agility,

N\

body composition, height, weight and experfeqce have been evaluated in

\
N

past investigations and in some cases were found to be significant factors

N

in predicting performance ability. However, the importance of these vari-

ables in relation to physiological variables has not been investigated

-

thus far, to this author's knowledge.

Therefore, the purpose of this investigation was to measure and |,

3

evaluate pﬁ?siological capacities as well as physical and anthropometric

factors to determine their relative importance in gymnastic performance.

Data on heart rate response and lactate accumulation’werﬁf6btained on all
L ] k .
four of the women's events. In addition, laboratory tests were used to

measure strength, flexibility, agility, anaerobic muscular endurance,

aerobic capacity, -anaerobic capacity, .power, body composition, height,




weight, and experience. Evaluation of these selected variables have iso-
lated those f?ctors which are most important toapredict all-around gym-
nastic ability and thése factors which are most important in each of the
,women's individual events.

It is hoped that this study will provide important information to
gymnastic coaches and trainers and will enable a more scientific applica-
tion of training pra;tlces. Knowing the variables that are most important
to p;edict performénce, it will be possible to ;eveIOp training techniques
that will concentrate on the optimum development of these variables. In
addition it will be helpful to coaches who are evaluating potential gym-
nasts for team selection. An awareness of important physiological char-
acteristics that relate to high level gymnastic performance will assi;t

N

the coach in the evaluation of potential gymnasts. .

1.3 XTATEMENT OF THE PROBLEM

The primary coneern of this investigation was the measurement of
selected physical, physiological and anthropoéetric variables in female
gymnasts; representing a wide range of ability, and the evaluation of
their rélafive importance to predict success in all-around performance,
as well g%*in each event. Jq@ges' scores awarded for optional routines
in each of the four women's events (vaulting, uneven parallel bars, balance

beam, and floor exercise) were used to determine ébklity level. The

1
v

specific hypothesis tested were as follows: , - B .

1. There are no significant difference between .the two gymnastic

ability groups in the thirteen selected variables.

’
h]

. - , | ;




The thirteen variables are nonsignificant in predicting

gymnastic performance as determined by judges' score.

The four women's events have sjimilar physiological responses

3.
in heart rate intensity and post exercise blood lactate
_conﬁentration.
!
1.4 DELIMITATIONS OF THE STUDY 5

Because of the small sample size used in this study, all conclusions

and inferences are confined to the population under investigation. Other

delimitations Sf the study were as follows:

1.

-

The number of subjects in the study was limited to, 30 females‘

between the a5es of 11 and 13 years. \

All subjects were all-around gymnasts with at least one year -

\

of experience.

A bicycle ergometer was used to determiqe maximum aetobic
capacity.

Heart rate intensity for each event was monitored aﬁly once

ring a practice situation. e
Performance scores from qualified gymnastic judges (with
adjustments made for differences in difficulty level), were

accepted as wvalid measures of each subject's ability.

\)

1.5 OPERATIONAL DEFINITIONS

Agility -~ The time, to the nearest tenth of a second, required to

complete the A.A.H.P.E.R. 30 foot shuttle run. .

o
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. Flexibility - The total degrees of range of motion measured by

\

& Leighton Flexometer, for the movements of hip flexion, hip abduction,

. shoulder hyperflexion and hyperextension, trukf?flexion and trunk extension.

. " Heart rate intensity - The working heart rate corrected for rest-
ing heart rate and expressed as a percent of the potential heart rate
(maximum heart rate minus resting heart rate).

Maximum aerobic capacity - The highest level of oxygen consumption

‘attained during a discontinuous graded bicycle ergometer test performed

to the point of volitional exhaustion with an R.Q. greater than 1.0.

14

/
Maximum alactic power (muscular power) - The highest score recorded.
(out of six attempts) on the Margaria-Kalmen stair power, test.

i
Muscular endurance (anaerobic) - The total duration in seconds at

which the gymnasi can pedal a bicycle ergometer between 60 and 70 rpm at

a resistence corresponding to six percent of her body weight.

Maximum heart rate - The highest six second heart rate average

°

& ¢

recorded either during the maximum agrobic test by a single channel ECG
recorder, or during gymnastic routines via radio telemetry.

Muscular strength - The total strength score recorded in kg/kg

body weight as determined by the cable tensiometer strength battery for
Junior High girls (ages 11 1/2 to 14 1/2 years) developed by Clarke and
Munroe (1970). R ’ .- -

H

L ’
Peak heart rate - The highest six second heart rate average

recorded during each of the routines or in the first few seconds during

Y

the recovery portion following the performance of the routines.

¢
’
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CHAPTER (|
REVIEW OF RELATED LITERATURE

Y 2.1 THE PHYSIOLOGICAL NATURE OF ‘GYMNASTICS -

[ o

Gymnastics, as well as any other(physical activity, ‘can be classi=

fied and defcribed in terms of energy requirement and utilizatign. Muscu-
lar contraction or work requires the productéon and splitting of high

energy phosphate bonJ;?in the ATP and CP molecules. The proéuction of
ATP from glycogen can )be accomplished in the presence (aerobically) or

absence (anaerobically xygen. Due to physiological adjustments and

adaptations to the intensity o wscular work the amount of oxygen that

is available to the tissues varies. j As a result both processes of energy
production are required and the exttent to which each process contribytes
to the total energy proauction depends,_on the intensity and duration of
the activity (Astrand and Rodahl, 1977).

Du;ing vigorous activity of short duyration (less than one minute)

there {s little time for respiratory and -circulatory adjustment and the

work is carried out under oxygen debt. As a result the majority of the

PEd

energy produc{ion i; provided anaerobically. Wﬁen the activity requires
about two and one half minutes for completion, the energy supply is nearly
éo% aerobic, whilg for an activity of 30 minutes ip duration, the aerobic
contribution increases to 90% (Astrand and Rodahl, 1977).

Gymnastic routines are vigorous in nature but are very short in
duration. In women's gymnastics the longest event is the balancg beam

which has a required performance time between one minute and 20 seconds

and one minute 45 seconds. Floor exercise has a time requirement of one

[}
ot
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minute tp one minute~30 seconds (F.l.G. Code of Points, l978)./nRoutines
on the uneven paraltlel bars and side horse vaulting have no time restric-

tions. [The average duration of a bar routine is 30 to 45 seconds while a

« vault requires only four to six seconds for completion. ‘'Because of the
\ A

brevity|of the routines, gymnastics is classified as highly anaerobic in

e 4
nature.

Montpetit (1972), studied the physiological responses of eight
o malé/gquasts performing routines in four events; side horse, horizontal
bar, parallel bars and rings. The average duration of the exercises was .

between 20 .to~30 seconds. Through indirect calorimetry he determined that

T,

the contribution of anaerobic processes during the performance of gymnas-
R o

“ tic routines can be as high as 80 percent. It was also calculated that

©

male gymnasts utilize about 30 percent of their maximal aerobic power dur-

ing the performance of their-routines. According to Andersen's relative o
load index classification (1970), the oxygen requirement expresgedfas a

percent of the VOzmax.,gymnastics is classified as “mbderate[y heavy WQ?%i”

AT
!

Therefore, gymnastics is highly anaerobic in nature, and is an activity

Y

that is associated with a substantial jncrease in the metabolic rate.

»

\ . 7 Andersen's Relative Load Index i
o
Grading . Percent of V02 max.
Light Work . < 25%
Moderate Heavy Work - : 25-49%
Heavy Work ’ 50-75% "
Extremely Heavy Work > 75% '

In addition to being short in duration and explosive in nature,
gymnastics is also characterized by an extensive amount of arm work and
<

—



frequent cﬁanges in boéy po;itioh: Asmussen and Hemmingsen (]958):9pserved
differences in physiolgéical response to arm work and leg work on a bicycle
.ergometer. For a givenaworklbad, pulse ;ate, oxygen consﬁmption and ven;
qtilatioﬁ were always higher fo} arm wérk than for leg work. Astfand et al.,
(1968) :eported”similar results after studying the circulatory responses

to. arm exercise. |t was determined that at the same absolute workload,

measurements of heart rate, blood pressure, ventilétion and' lactate con=-"~7"
centration weré all higher with arm exercise asuopposed’to.leg exerFise.
In addition, Astrand and Sgl%in (1961) calculated that max imum work with
the arms produces an oxygen uptake that was 30% lower than tha£ attgined

v by Teg cycling work. Maximum aerobic capacity is also reduced with a

change in body position (Astrand and Saktin 1961). Tycling iﬁ%a supine

/

) position resulted in a maximum oxygen consumption that was 15% lower than / )

cycling in a sitting position.

A

Also in reference to a change in body position, Shvartz (L§68)

“4
3

studied the physiological responses while performing a Héndstand.g He i
1 i fr

found a substantial increase in energy cost from an oxygen consumption of
.365 1/min. in the sitting position to 2.01 1/min. in the handstand.

Rapid changes in body position also have a profound effect on the venous

¢

return which in turn affects blood pressure, heart rate and stroke volume

(Astrand, 1956). As a result, training in g;hnastits has been observed to

I'a

improve the vestibular system (Drazil, 1971),and orthostatic efficiency
\ ’ . b

(shvartz, 1968), or circulatory adjustment to gravity. K

Gymnastic activity is characterized by low ventilation, tidal vol-

¢

ume and respiratory rate, with a high rate of oxygen extraction (Montpetit,

~

1972) . Low ventilation and tidal volume are due to an increase in -the-

o
. .
- -



. intrathoracic pressure caused by the nature of the activity which demands
./\‘ " fixation and control of the thorax in order to perform specific skills.
<< , Respiratory rate is reduced because of the degree of breath holding that

§ takes place, up to 40-50% of the time in the inexperiencéd gymnasts but -

na more than 10-15% of the time in the advanced gymnasis (Montpetit, 1972).

g
With lTower ventilation, there is an increase in oxygen extraction to com-
R . pensate for the insufficient supply to the working tissues.
a oL <
/-a\ /MEL / Ty /

1. Betause of the brevity and intensity of the routines, gymnastics
‘o

\ is classiﬁied'as a highly anaerobic activity - as high as 80% (Montpetit,

[t} R

- 1972) . + ' , : -

2

2. There is a substantial increase in the metabolic rate when

iy . i
.

’ « »

\,Qymnastic routines are performed (Kozar, 1963; Sward, 1967; Faria and .
Phillips, 1970; Seliger et al.,°]970; and Drazil, 1971). Gymnasis uti]izeﬁ"

‘ about 30% of their maximal aerobic power duriﬁg the performance of gym-
b / " nastic routines (Montpetit, 1972): ’
- ‘ : . ¢

3. Gymnastics is characterized by an extensive -amount of arm
- ) work and frequent changes in body position. When compared to leg work, ;§

N arm work is associated with a higher heart rate, blood pressure, ventil-

“

ation, oxygen'consumption and blood lactate concentration (Astrand, 1956;

!
Asmussen and Hemmingsen, 1958; Astrand and Saltin, 1961; and Astrand et

v

al., 1968). )

o
4, Gymnastic activity is characterized by low ventilation, tidal

’

> volume %ﬂd respiratory rate (Montpetit, 1972). .
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2.2 CHARACTERISTICS OF GYMNASTS

o
2.2.7 Physique and Body Composition

e
|

In an attempt to determine the factors that affect gymﬁéstic per-

formance many researchers have felt it significant to'investigasf’the
cha?actéristics which are common to éucces;ful participants (Carter et
al., 197b; Cumming, 1970; Novak et al., 1968; Pool et al., 1969;

Sinning %nd Lindberg, 1972; Sprynarova and Parizkova, 1969). In support

of this premise, Espenschade (1964) in essence states that top athletes

are naturaily endowed with a bddy type, body structure and capacity which

| ~ o

{s largely responsible for*their superior ability. Others believe that it
may be pértigipation in the activity itself which causes modification and
adaptatiog in body composition and capacity .(Novak et al., 19685.

’ Carter et al (1971) found a significant relationship between
physical &erformance and somatotype In this study they concluded that:
(1) athle%es are somatotypically different from the general population,
(2) certain athletic groups are different from eéch other, and (3) perfor-

mers at twe same level of competition tend to be similar. Gymnasts are

" classified as being highly mesomorphic with the highly successfu]/gymnast
[

having a-%omatotybe evaluation of 2.1-6.0-2.2. This classification Is

based on 4 seven point scale developed by Sheldon (Mathews and Fox, 1976). e
1

The number!one indicates a lack of a certain characteristic and seven indi-

cates a grgat amount of the characteristic. The first number describes

endomorphy (fatness), the second mesomorphy (musculature) and the third -

\ectomorphyi(thinness),'(Mathews and Fox, 1976). Ln specific reference to

gymnasts it was concluded that (1) outstanding gymnasts are similar in
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somatotype and proportion, but may differ considerably in terms of gross

body size, and (2) within the same competition.ﬂ The highly successful

» i

‘competitors are more mesomorphic than th; less successful competitors.
College age female gymnasts are reported to h;ve a significantly
higher body den®ity than non-athletic womeﬁ of the same age due to their
superior muscular development (Sinning and Lindberg, 1972). In addition,
other studies have shown that gymnasts are typilélly characterized by
small skinfolds (Pool et al., 1969) and 16w percent bgﬁy fat measureme#ts .
(Bosco, 1964; Drazil, 1971; Novak et al., 1968; Sinning and Lindberg, 1972).
Top female g?mnasts usually do not exceed 10-15 percent body fat but women

. at lowef levels of ability have body fat percentages as high as 21.9 per-

'

cent. Compared to other athleteé, distance runners, low weight wrestlers
and gymnésts have been found to be the leanest (Montpetit, 1972). Novak
|

et al. (3968) reported that maler gymnasts had. 95 percent fat-free mgsé and®
: !

the top gymnast tested had a total body fat amouﬁting to only 2.7 pércenti\
-

i
In reference to other body measurements, gymnasts are characterized’
! . !

by small height and weight, above normal upper arm girth and shoulder %Jdth

{
and below normal leg length, hip width and arm span (Bosco, 1964; Pool et

al., 1969; Read, 1967; Sinning and Lindberg, 1972).

2.2.2 Flexibility

f Throughout the literatufe investigated, coaches and authorities '
were consistent In stating the necessity of a high degree of flexibility in
achieving~success in gymnastié performance (Bates, 1976; Kjeldsen, 1971;

}Leighton, 1955; Mathews, 1968; Takei, 1977). Flexibility, defined as the

—_ \range of possible movement about a joint or a sequence of joints (Clarke,

—

1975), is a highly specific characteristic in two ways (Mathews and Fox, 1976).

o i
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First of all, vastly differing and specific patterns of flexibility have
' !
been observed in the participants of various sporting events. For anmple,

male swimmers had a high degree of flexibility in the should , Wrists

"and hips in comparison to other athletic broups, while weight lifters dem-

onstrated the greatest amount of trunk flexibility (Leighton, 1955). /in
’

a study by Matz (1954) it was shown that participating in gymnastics

resulted in an increase in shoulder flexibility in 71 percent of the male

’

subjects tested. However, this improvement in flexibility is highly speci-

fic because it occurs in some joints and not in others (Clarke, 1975).

Gardner (1972), comparing flexibility in male divers, swimmers and gymnasts
reported that there were significant difference$/;;;:éeﬂgthe groups in

shoulder and hip measurements.
> ?

While gymnasts would be expected to score high on a flexibility

‘battery, as reported by one i%éféiigator (Bosco, 1964), it was demonstrated
'

by Leighton (1955) that in male athletes, swimmers and baseball players I

demonstrated the highest overall flexibility. Gymnasts scored high on 15

measurements especially in the hip area but low.on.six measures involving
T

o~
Vs ~

khe shoulders, wrists, ankles and trunk. This brings us to the second'
point of specificity,’which is that flexibility is joint-specific, i;e.
a ‘high degree of flexibility in one joint does not establish the existence
of high flexibility in other joints (Mathews and Pox, 1976).

Both the number of years of participation and the ability level
of an athlete seem to have a significant effect on flexibiiity (Crarke,
1975). Olympic swimmers scored higher on ankle and trunk flexibility

tests than did varsity college swimmers while gymnasts who had participated

competitively for the greatest number of years scored higher than their




b Ky
T‘\t‘rr\ ?

,

less experienced.counterparts.

o

Female gymnasts also possess a high degree of hip flexibility but

i N

unlike men they are characterized by a significant amount of shoulder

and upper back flexibility (Kjeldsen, 1971). Flexibility in this area is
due to the difference in the nature of the women's evenfé, specifically
thq’bglance beam and floorzexercise. Twelve women gymnasts- were shown to
Imp(pveosign[ficantﬂy in shoulder and upper back flexibility as a result
éf a season of gymnastic participation (Clare, 1975).

In addition, there is a tendency for girls to be more flexible
than‘boys (deVries, 1966). The average girl generally reaches her peak
flexibility at the agq/of 12 and thereafter. shows a gradual decline
(H%Pprich and Sigerseth, 1950). ~There have been no studies investigating

the development and or possibie decline of flexibil{ty in female gymnasts

during the same age period.,

2.2.3 Strength . ,
- -
Because, an individual's motor fitness and athletic ability are

closely paralleleﬂ by his/her muscular strength, a great deal of concern

and resultant research has ocﬁurgd inlthis‘area (élarke, 1973; Clarke, .

1974) . Strength training is employed by coaches of all sport activities
_in an attempt to improve speed, power, endurance and specific sport skills.
In gymnastics, strength if a necessity for learning magy gymnastic
movements and a very important part of a skified performance. As early as

. 1938, Wettstone demonstrated the importance of strength in gymnastics and

determined that it was one of the mos; significant factors in predicting

)

potential gymnastic ability. Sale (1976) suggests that the improvement

of strength at specific joint angular velocities may be of greater benefit
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to the performance of gymnastic skills than the improvement of_static or

low velocity dynamic strength. From preliminary investigations<he has con-
cluded that the poor tumbler is stronger at low'velocity but weaker at high
velocity than the good tumbler.

-

Chu and Krepton (1977) in a recent article stress the importance

of weight training for female gymnasts. This type of program would assist
the beginner in acquiring the basic gymnastic skills, which are highly
strength dependent and improve the performance and efficiency of th; more
advanced gymnast. In dddition, female gymnasts, at all Ievgls of competi-
tion are at a distinct disadvantage if they have Tow strength-weight ratios
(Espensché&é, 1964) . '

‘ Muﬁcular strength, endurance and power are reported to bg outstand-
ing characteristics of highly trained gymnasts (Borms, 1970; Bosco, 1973;
Cumming, 1970; Jackson, 1971; Pool et al., 1969; Sale, 19%6),“ As would
be expected, trained gymnasts areﬁgonsiderably strbnger than untrained
individuals but they also achieve significantly higher strength scores
than other athletic groups (Cumming, 1970). After testing athletes repre=
senting Canada at the 1967 Pan American Eames, Cumming“(1970) concluded
that for males, the volleyball énd gyﬁnastic teams were by far the strong--
est with a total strength score of 4.18 kg/kg body weight and that the
female gymnasts had the highest overall strength for the women tested
with a score of 3.43 kg/kg body weight. ’

Explosive s%rength or power is very important in gymnastic events
such as vaulting and floor exercise and as a result of participation in

such activities, gymnasts have Shown improvement in power at the completion

of a training season (Bosco, 1973). ‘Also DiGiovanna (1943) reported that
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gymnasts were more powerful than members of other varsity teams, while
Jackson (1971) demonstrated that gymnasts have significantly greater verti-

A
cal jump ability than football and baseball players as well as golfers.

2.2.4 Aerobic Capacity

l

Maximum aerobic capacity is an accurate and reliable measure of a
person's capacity and tolerence for prolongea work. Due to\the brief ngt—
ure of a gymnasgic performance it has been reported that participation in
gymnastic training has no significant influence on the development or im-
provement of the cardiovascular system (Bosco, 1973; Roskamm, 1967; Seliger
et al., 1970). To support this belief, two researchers report little or
no increase in the heart volume of gymnasts. After comparing Jntrained
normal persons of the same age to athletes representing German national

teams, Roskamm (1967) found that both well-trained weight lifters and

gymnasts had no increase in heart volume. Reporfing on the ‘results of

another study, Drazil (1971) states that the heart of Fhe dyQpast is small
in comparison"éo-othgf trained ;thletes because only'; percent of the
subjects x—Féyed showéd an enlarged heart.

Despite these findings there is considerable concensus in the lit-
erature among coaches and ;uthorities that aerobic trafining is important
and necessary in gymnastics (Biesterfeldt, 1972; Black, 1975; Kjeldsen,
1971; Saltin, 1967; Spackman, 1970; Wolfe, 1967), and that without it the
full potential 6f one's ability cannot be attained. On the other hand,
Astrand (1956) states that the more complicated an exercise is (like gym-
nastics), the greater the 'inter-individual variation in mechanieél efficiency.

I w
Effictency can be increased by technique training, which in turn can com=-

pensate for a low aerobic capacity.
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L

Wolfe (1967) claims that improving the aerobiccapaci;yvvill result
in a concomitant improvement in performing gymnastic routines due to an
increased ability to sustain a given work load. Spackman (]9]0) emphasizes
the Importance of cardiovascular fitness in floor exgrcise because of the
length and intensity of the exercise. Black (1975) stresses the importance

1

. : » - -
of both muscular and cardiovascular endurance as necessities for successful

N 4

Q

performance of difficult routines and for minimizing the effect of the
static muscular contractions involved. I[n all cases,'hgwever, these staée—
ments appear to be based so]el§t6n personal opinion and égnjgcture since
they present no research data to‘SubstanEiate their views. A?tthgh’there,
is no specific eVidenpe in reference to gymnastics, Astrand states that
when large muscle groups are veP‘factive for a ;inute or longer, the indi-
vidual's aerobic work capacity greatly affects his ability to perform
(Astrand, 1967). , ‘ .
Alorig with the insufficient evidence as to F?e impd}taqce of.aero-
bic fitness in gymnastics, there have been relatively few studies that .
have measured this capacity. The available Vozmax data as reportéed by
various researchers is summarized in Table 1. r
[n the study conducted by Novak et al.(1968) it was noted that the
top gymnast also possessed the highest aerobic capacity of 60 ml/kg. min.
Montpetit (3972) obfained similarly hiﬁh Gozmax values but concluded that
gymnasts w;re characterized by a\}ow maximal aerobic power. However, _
according to Astrand's norms fof géﬁimum aerobic capacity (1960}, male
gymnasts were rated in the ”Good”ﬂto ”ﬁ}gh” cagégorie§. Both studies of
female gymnasts indicate that they have Vozﬁax ratings from 'Average'' to

s

H'Good''.
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Table 1. Maximum oxygen consumption in gymnasts.

VOzmax
SUBJECTS (m]/kg.minl)
Males )
Swedish National Team (n=6) ) . 60.0
(saltin and Astrand, 1967)
\ College (n=7) 55.5
(Novak et al., 1968) -
|
\ Canadian National Team (n=15) h2,1 -
(Cumming, 1970} N ~ .
College (p=8) ) - 51.6

(Montpetit, 1972)

Females
Canadian National Team (n—h) - - 439
~ (Cumming, 1970) . :
High School (n~lo) 42.5 ,

, (Sprynarova and Parizkova, 1969)

Summarx

1. Gymnasts are classified as being highly mesomorphic_with the
highly successful gymnast having a somatotype evaluation of 2.1-6.0-2.2
(Carter, 1971; Wolcott, 196%).

2. Gymnasts are typiiEIIY‘characterized by small skinfolds, and
tow percent\body fat measurements. In addition, they are small in.height
and Weight, above norma} upper érm girth and shoulder width, and below
normal leg length, hip width and arm span (Bosco, 196k;—Pooi et al. 1969;

Read, 1967; Sinning and Lindberg, 1972).

L]
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. 3.' Male gymnasts scoré‘high on fleggbility measurements especially
in ﬁbe hip area but low on measures involving the shoulder, wrists, ankles
and trunk (Leighton, 1955). ‘ \ d
’ k. Female gymnasts are characterized as hayﬁng better than average
shoulder and upper back flexibility as well as extremely good hip flexibil=-
}ty (Kjeldsen, 1971}. -
5. Strength is a necessity for learning many gymnastic movements
“and a very important part of a skilled performance (Chu and Krepton, 1977;
Espenschade, 1964; Sale, 1976; Wettstone, 1938).
6. Compared to otﬁ;r female athletes female gymnasts obtain:the
highest overall strength scores (Cumming, ]9?0).
7. Gymnasts score high on power tests like the vertical jupp,
and on muscular endurance tests involv}ng the arms (Borms et al., 1970;
Bosco, 1973; E:umming, 1970; Jackson, 1971; Pool et al.,1969;Sale, 19\76).
8. Female gymnasts have "average' to good'' maximum aerobic capacities
while some male gymnasts attain a "high' rating (A§t;and, 1960; Astrand,
1967; Cumming, 1970; Sprynarova and Parizkova, 1969).
~

2.3 HEART RATE RESPONSE AND ENERGY EXPENDITURE DURING THE PERFORMANCE OF

GYMNASTIC ROUTINES.

Since the mid 1960's telemetry ha; been used by many researchers ~
on athletes in an effort to determine the heart rate response to specific
sports activities. This information then becomes an important contribution
to the general body of physiological data that is vital in determining the

necessity for a change in training methods and techniques. Also, through

the use of telemetry it has become pbssible to classify many sports in

”
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. terms of energy expenditure and intensity. Following the telemetry monit-
oring of many sporté, Skubic and Hodgkins (1965, 1967) have compiled a
sports intensity classification based on the heart rate classifld@tion by
Andersen (1970). ‘

- /

Sports Intensity Classification

-

L4

Sport Classification
\

) Tennis Moderate

Badminton Moderate’
Golf Light

Archery Light .
_ Bowling Light & _

*.7y Basketball Heavy
Hockey  Heavy

. Softball Moderate

. Volleyball " Moderate

Ogher sports that have been inQestigated with the use of telemetry /
equipment are: track (Skubic andaHiTgendorf, ;964; McArd1é et al., 1967),
little league baseball (Hanson, 1967), water-polo (Goodwin and Cumming,
1966), figure skating (Gordon et’al., 1969), ski jumping (Imhof et al.,
1969), women's basetball (McArdle et aY{, 1971), squash (Blanksby et al{,
1973; Beaudin et af., 1978), tennis, swimming fencing and boxing (Keul,
1973), gymnastics (Kozar, 1963; Seliger et al., 1970; Montpetit, heiZ),
Speedskaging (Cumming, 1975), weight lifting (Stone and Smitﬁ, 1977) and

1

ice hockey (Wilson and Hedberg, 1976; Seliger et al., 1972).
3

Several investigators have monitored the heart rate response of

°

gymnasts while actually performing their routines. Kozar {1963) monitored

the heart rate response’of one male gymnast on four different events;
. . parallel bars, high bar, side horse and still rings. The parallel bars

and still rings routines were identical in duration at 30 seconds and
. 4\ N

\ ~

\
\ . :

\\\ -
5
b -
i
- .

\
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the intensity was similar at 169 and 164 beats/min., r;;pectively: High
"bar and side horse routines were slightly less intense at 162 and 158 beats/
min. réspectively, but the duration of the activity was only 14 seconds.

Faria and Phillips (1970} reported that heart rate response of 30/
boy; and girls ages 7 to 13 years during gymnastic participation in five
activities; warm-up, vaulting, tumbling, floor exercise and trampoline.
Similar responses were observed for both boys and girls. Activity on the
trampoline elicited the highest heart rate with a mean of 175%12.7 beats/
min., followed by floor exercise (155116.7 beats/min.), vaulting (153+19.8
beats/min.) and tumbling (153%15.2 beats/min.). Drazil (1971) reported n
that the pulse rate of adults during individual routines can attain values
'of 150 to 180 beats/min.

Montpetit (1972) monitored eight male gymnasts %erforming routines
on four evegts at three levels of difficulty; novice and junior compulsory
routines and senior optional routines. The mean terminal heart rates :for
the three levels were 136, 158 and 180 beats/min. for BoV{ge, junior and
senior routines, respectively. The greater the difficulty (i.e. the
greater the nhmber of medium and advanced stunts in the routime) the higher
was the cardiac response. The senior routtnes were found to elicit the
hlggest heart rates with a maximal rate of 182+L.6 beats/min., followed
closely by the still rings (181+3.9 beats/min.), parallel bars (180+5.7
beats/min:) and side horse (180£4.3 beats/min.)

Seliger et al., (1970) in an earlier study reported similar results
0 ' )
for 10 male gymnasts performing novice routines in four events; parallel
bar, side horse and still rings. The heart rates ranged from 12918.0 to

136+9.0 beats/min. Reporting on female gymnasts, Seliger et'al., (1970)
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monitored heart rate responses that were of s¥milar intensity to that reported

o

for male gymnasts. Floor exercise routines wfre not studied, but they

did record mean values of for uneven bar routines,
133413.7 beats/min. for Vvaulting and 130412.6 beats/min. for the balance
beam. : ’

Montpetit (1972) observed an elevation in heart rate prior to the

performance of routines. This anticipatory reaction was similar in inten~

Sity regardiess of the difficulty 6f(the routine about to be performed.

. N .
A similar anticipatory response has been noted in telemetry studies evalu-

ating male anq_female track athletes (McArdle et al., 1967; and Skubic
and Hilgendorf, 1964) and ski jumpers (lmhof et al., 1969). Unlike gym-
nasts, track athletes showed a significant difference in the anticipatory

heart rate depending on the duration of the event to be run. In preparation
4
for a 60 yard run the anticipatory heart rate represented 74 percent of

the heatt rate adjustment recorded for the activity while for the two mile

N -

run the anticipatory heart rate represented only 33 percent of the total
hea;t rate adju;tment.

In two male gymnastic évents, side horse and still rings, the
highest heart rates were observed after thedcompletion of the rouf%ne
(Montpetit, 1972). This could be due to the fact that §ustained muscular
contra;tions predominate in performing these routines. .With sustained
exercise there is mechanical compression of the blood vessels which impedes
blood flow. At the efid of exercise both blood flow and heart rate increase
to a peak and then fall to resting levels (Lind and McNicol, 1967).

(n another study, Imhof et al., (1969) attributed an increase in

L)
heart rate in ski jumpers after, the landing to the release of catecholamines

»
@ +
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during the Jump, which was brought about by emotional stress. After admin-
istering 40mg of oxprenolol, a\b?ta—receptor blocking agent, the emotional
[ .

tachycardia was reduced by 34.2 percent and the increase in heart rate //d//
el

after landing was négfigible. g ) -
| i

+ | Evaluating the {rtensity of ‘gymnastic routines on the bases of ‘/

heart rate response is possible using the classification established by

3

Andersen (1970). The heart rate responses reported by Montpetit (1972)
for senior routines are classified as ''very heavy'' in intensity while the
heart rate responses observed by Seliger et al. (1970) for both male and -

-

female gymnasts have am intensity rating of '"heavy''.

~

Andersen's Heart Rate Intensity,

’ Grading. * , Heart Rate (beats/min.) : . :
Very Low £ 75 ‘
Low 75-100 : |
Moderate ’ 100-125 L
Heavy . 125-150
Very Heavy > 150 A

Alternatively, heart rate intensity can be evaluated using the
. . /

o

Karvonen method. Karyonen (7957) formulated a method which uses potential
heart rate (i.e. maximal heart rate minus the resting heart rate) for‘Fhe
estimation of work fntgnsity. Methods which use a percent ;f the maxi%al |
heart rate for the predictiod of intensity are at a disadvantage because

of the fnequa!ity that exists btheen the percent of heart rate mé§{7and\‘

the percent of Vozmax. For example, a 70 percent heart rate max. response

. corresponds Fo a 55-60 percent Vozmax.tFox et al., 1971). HHoQ;ver, wheq

the percent heart rate is corrected for resting heart rate a much more

accurate prediction can be made. After testi®y nine subjects on a tread-

3

Mo
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mBi1 at four 5-minute workloads representing 25,45,65 and 85 percent of

their Vozmax, Davis and Convertino (1975) showed that the Karvonen method

of predicting exercise Intensity was not significantly different (p 0.05)

from the e?srcise intensity actually measured during the test: [n this
Al .

same study ‘they determined that the standing resting heart rate (as op-

posed to resting heart rates obtained while sleeping, \upon awaking in the

o

o . . - o
morning, or during supine rest) was the best measure to utilize in deter-

mining potenti heart rate,

J

Karvonen Formula‘

o

Exercjsellntensity = Working HR - Resting HR X 100
h Maximum HR - Resting HR ~ |

Using a Kofranyi—Michaglis respirometer to collect expgred air,
Sward (196_7), Seliger et al., (1970) and Montpetit (1972), were able to
calculate the energy’requlrement of gymnastic routines in terms of meta-
bolic cost in kilocalories and oxygen consumpt{oﬁ. Montpetit (1972)
found an energy‘exéenditure f;om 12.4+2.5 kcal/min. on the para{lel bars

to 38.6i3.1 kcal/min. on the side horse while Seliger et al., (1970):

founé slightly Iower'yalues rangingdfrom 13.143.1 kcal/min. on the paral-

lel bars to 17.5%4.5 kcal/min. “on the high bar. Sward (1967) reported

vaiués ranging from 7.2 kcal/min. on the still rings to 11.4 kcal/min. on

~
‘the side horse. Sward also reported an “energy expenditure of 10.6 kcal/ |

‘min. for both men's floor exercise and long horse vaulting, two events

P

which were not measured by either Montpetit of Seligér. In Seliger's T




’ article, the investigators reported on the results of still another re-

’ searcher‘i (Blochin, 1965} who found values of 6.1 to 24.4 k\cj:a]/mfn. for
tumbling and '\fIOO‘r exercise and values for 12.7 to 39.9 kcal/min. for
a;)paratv.}]s e;(ercise. The wide range in valrues could possibly be due to
| differerjt laboratory procedure‘s, age and size of the subjects, and the
ability levels of the gymnasts and/or the difficult); level of the rou-
tines us{ed by the 'rnvegtigator. \ |
For female gymnasts, Seliger et al., (1970) reported consistently

Tower energy éxpenditure for routines on the parallel bars (10.5+ 2.2

kca]/mir;\.), balance beam (10.3+2.4 kcal/min.) and vaulting (9.2+2.5 kcal/
m\in:) . ;The only other repo}'t évailable on female gymnasts was that by
Spitzer; and Helliger (1969) who reported even lower values of 9.2, 8.6
and 6.91 kcal/min. for va‘rulting, uneven parallel bars and Balance beam re-
spectiv}ely. The lower \Jalues would be expected‘because of the smaller

[
- body size of the female gymnasts as compared to the male gymnasts.

]
In

‘ o

(1970) \‘by means of indirL:ct calorimetry, reported similar'zEfindingsfor male

terms of oxygen tonsumption, Montpetit (1972) and Seliger et al.,

: gymnasté with values ranging from 16.4+2.5 to 20.546.3 ml/kg.'min., while

Sward, (using the same melthod) reported higher values of up to 34.7 mi/kg.

min. for svici'é horse routfines. Again, discrepancies ‘in oxygen consumption
‘ N . . :
7 measurements are most likely due to differences in the lengthand diffi-
. | . . . .
“culty of the routines used in each study as well as differences in the

age and size of the subjects. For female gymnasts, Seliger et al., (1970)

Kl A \

found an average oxygen|cansumption of 15.0+4.9 ml/kg.“min. for the bal-
| I
ance b;am, 16.543.6 m1/kg. 'min. for uneven parallel bars and 16.9+3.5 ml1/ o

. kg. mi

. Tn vaulting.
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Summar
————-—l ’

1. Heart rate responses to performing gymnastic routines are
classified as "heavy" (125-150 beats/min.) to ''very heavy'' (greater than
150 beats/min.) (Andersen, 1970). /

2% Telemetryomoﬁitoring of gymnasts while performing routines has
revealed that there is an elevation in heart rate prior to performance
(Montpetit, 1972).

3. In two male events, side horse and<§till rings, the highest
heart rates occur after the completion of the'routines (Montpetit, 1972)

\

due to the effect of sustained muscular contractions (Lind and McNicol,
{

1967) and the release of catecholamines (Imhof et al., 1969).

2.4 BLOOD LACTATE CONCENTRATION FOLLOWING PHYSICAL <€XERCISE

Glycolysis and oxidative Ehosphorylatidn are two processes which are
responsible for the production of ATP, the major en;}gy source for muscle
contraction (Astrand anf Rodhal, 1977). The_mechanism of anaerobic gly-
colysis is necessary for the regeneration of ATP under hypoxic conditions
(Golln{ck and Hermansen, 1973). During exercise there are two Situations
during thch,there will be an insufficient oxygen supply in the muscles:
(1) ét the onset of exercise when the cardio-respiratory adjustmentsllag
behind the increased metabolic -demand and (2) during very heavy work when
the ox}gén requirement for ATP production exceeds the oxygen conéumptiqn
(Karlsson, 1971; Nagle et al., 1970; and Saiki et al., 1967). With a

limited availability of oxygen, the chemical reaction of ATP resynthesis

is altered and pyruvate is converted to lactic acid by lactic dehydro=

t
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’ \
tensity and short duration produces the highest lactate levels measured ¢

genasé‘(LDH), which diffuses from the muscles into the blood (Astrand

and Rodahl, 1977).

The blood lactate concentration following exercise is determined by
the intensity and duration of the’exercise, the type of exercise being -
performed, and the %itness level of the individual. At intensities be-
low 50% Vozmax there is no accumulation of\}actic acid in the average
individual because at this work rate there is sufficient oxygen to syn- -
thesize ATP aerobically (Karisson, 1971). However, after extensive train-
jng, which improves the cardio-respiratory system, intensities as highvas
85% Vozmax can be maintained without sigﬁificant inéreaSes in blood lac-
tate concentration {Costill, 1970; and Costill and Fox, !963). Training
also results in lower }aFtate levels at submaximal workloads and higher
concentrations at the end of exh;ystive work (Cunningham and Féhlkder, 1969;
Hermansen and)Andersen, 1965; Kar]sson, 197y?“Karls§on et al., 1972; \
KilBom, 1971; and Penny and Wells, 1975). fhe untrained person is more
dependent -on glycolytic ener;y production and in addition possesses h}gher
concentrations of ADP in the skeletal muscles, which ca&Zes stimulation
of glycolytic activity (Nagle, 1973). I

In reference to the type and duration of exercise it has been ob- -

served that work with small muscle groups will produce greater levels of

blood lactate than work with larger muscle groups. Also, work at high in-

thus far (Astrand and Saltin, 1961; Cumming and Faulkner, 1969; gnd‘karl-
S
sson, 1971).
As .stated previously, armexercise, as compared to leg exercise,

causes a higher rise in heart rate, blood pressure, pulmonary ventilation \\
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and blood lactate concentration (Astrand, 1968). Because the feeling of

It

!

exertion dependS‘greatﬁy ol the rate of lactate production, work with
small muscle groups will elicit this feeling despite the relatively small
amount of energy utilized. Afthough higher levels of blood lactate are
obtained with arm exercise after submaximal loads, Higerman et al., (1974)
have obsgrved max}mum°lactate levels comparable to>those obtained with leg
work. They reported a mean lactate maximum,of 13lmg% with a range from
115 to 153mg% for women after exhaustive ergometric rowing.

Hermansen et al., (1965), Saift et al., (]967) and Penny and Wells
(1975) provided evidenée that, lactic,acid accumulation is greatest dur-
ing the first few minutes of exercise due to the oxygen debt caused byv
the inefficient cardio-respiratory adjustment to the higher metabolic re- —
gquirement., Maximal lactate concentrations are obtained after brief ex-

haustive work between one to 10 minutes in length with the highest values

recorded with a seven minute test (Karlsson, 1971). Astrand.and Saltin
(1961) }éported maximal blood lactates between 160 to 175mg% for male sub-
jects and about 135mg% for female subjects using exhaug;}ve intensities
that terminated the test between two to eight minutes. As a result of
these observaéions ilahas been coné}uded that sporting events which are
short in duration and high in inteﬂéity rely heavily on the lactic acid
system for ATP production (Mathews and Fox, 1976). By measufing blaod
lacta;e levels after exerc{se of short duration (less than 10 miﬁutes)
the intensity of the activity can be evaluated with greater accuracy pro-
vided the wv?k.engage; large muscle groups (Astrand, 1956; Gollpick and
‘ .

Hermansen, 1973; and Karlsson, 1971). \

Cranford (1972), in a recent investigation of blood lactate concen=-




. trations as related to various intensities in women has devised the fol-

. lowing classification: /

X

Cranford's Blood Lactate [ntensity Classification

.
Classification Lactate (X resting value) Heart Rate(bpm)
mild ’ within normal limits 120
, moderate 2X 140
' heavy | 3X 160
strenudis , 6% 180
maximal greater than 6X greater than 180

, L, . . :
When the duration of an activity exceeds 10 minutes there i{s a de-

\ . cline in the blood lactate levels as the lactalid 03 debt, caused by the

onset of activity, is repaid when a ''steady state'' between oxygen require-

ment and oxygen consumption is attained (Costill and Fox, ;969; and Saiki
b . /
et al., 1967). This reduction in lactate level is apparent even at high

r intensities.’ Nagyeﬂet al., (1970) reported that at intensities between
74-79% Vozmax,tdaétate.levels plateaued at 45mg% by the 20th minute of a
Lo-minute exercise, while at intensities of 67 - 7h%’V02max, lactate levels
ranged from 18 to 29mg% and were sustained over a 60minute exercise period.
Low lactate levels have also been reported in cross country skiers by
. Astrand et al., (1963) and marathon runners by Costill=and Fox (I969)\and
Costill (1970). In marathon runners uEilizing 75% of their aerabic ca-

pacity, post race -lactate values average 19mg%Z. From his observations

Costifﬁﬂ;onc]ufeﬁ that in long duration events there is an “inva%se cur-

5‘}

vilinear relationship between the length of the competitive race and the :

blood lactate concentration.'' Astrand et al., (1963) came to a similar

. conclusion about cross country skiing, reporting a decrease in lactate



i

accumulation with an increase in the distance of the race despite sim-
N
ilar intensities of work.

\

A compilation of lactate levels in sports activities and exercises

>
of various intensities and durations are presented in Table %f [t can
clearly be seen that the shorter,more intensive activities produce the

highest levels of lactate at 216mg% and marathon running the lowest at

19mg% .

Table Z. Blood lactate concentrations following various types of phys-
ical exercise,

- Reference Type of exercise Blood lactate
(mg%)
Males
Astrand and Saltin(1961) bicycle test (2-8 min.) 160-175
Astrand et al.(1963) cross country skiing ‘
10km race 139
/ 30km race 68 :
. 50km race , 39
Faulkner & Cunningham short exhaustive run 96-156 -
(1969) :
Costill and Fox(1969) running events -
10km race ‘ 131
marathon / 19 -
Astrand and Rodahl (1977) skiing events
, downhill skiing 113
specia@, sliolam 135
! giant slolam 144
» cross country motorcycling 71
maximum bicycle test 180
maximum run* . - 180
\ max imum dash#* 216
Females
Astrand (1960) maximum bicycle test 121
Cranford(1972) exhaustive run (5 min.) 105
Hagerman et al. (1974) ergometric rowing 130

ESN
=3 X 1,000m at maximum speed with a few minutes rest between
**3 X 50 second sprint

! "
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’ J
. Few studies have been conducted on the anaerobic capacity of women.

vr

At submaximal workloads women have/ higher heart rate, more rapid increase
' /

in heart rate,- higher diastolic blood pressure and higher lactate con-
centrations (Cranford, 1972; and Drinkwater, 1973). At maximal wo&lg,
Mathewgiand Fox (1976) and Astrand and Saltin (1961) reported that fe-
\males tend to have lower levels of lactate than males due mainly to their

smaller muscle mass.

Summarx

i. When, the muscles exercise ynder hypox%c conditions, lactic
acid is produced by the tissues and diffuses into the blood (Astrand and
Rodahl, r977). -

2. Blood lactate concentration following exercise( is determined
by: (1) the .intensity and duration of the exercise (Astrand and Saltin,
1961; Cunningham and Faulkner, 1969; Ka/rlsson, 1971; and Karlsson et al.,
1972), the type of exercise being performed (Astrand et al., 1968; and
Hagerman et al., 1974), and the fitness level of the individual (Costill,
1970; and Costill and Fox,' 1969).

i 3. Maximal lactate concentrations are obtained after brief ex-~
haustive work between 1-10 minutes in ]engt~h with the highest values re-
corded with a seven minute test (Karlsson, 1971), L \

94. Work with small muscle groups will produce gre“ater‘ levels of

blood lactate than work with larger muscle groups (Astrand et al., 1968;

and Hagerman et al., 1974).

” 5. The more highly fit individual will attain lower lactate

A

. levels at submaximal workloads and higher maximum concentrations at the

\
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end of exhaustive work (Costilﬂ; 1970; and Costill and Fox, 1969).

6. Blood lactate levels will begin to decline if the duration of
the activity exceeds 10 minutes. Low lactate levels have been observed
for both Lroﬁs csuntry skiers and marathon runners (Astrand et al., 1963; °
Costill and Fox, 1969; afid Costill, 1970).

7. \Women have higher lactate levels at absolute submaximal work-_

loads than men, but tend to have lower levels after & maximal test (Cran-

ford, 1972; Drinkwater, 1973; and Mathews and Fox, 1976).

2.5 PHYSICAL AND ANTHROPOMETRIC VARIABLES AS THEY RELATE TO GYMNASTIC

-

ABILITY

-y

v *
(‘ ’ ~ —

To date; most of the research in this area has concentrated on éval~!
uating variaus physical characteristics and caﬁacities which may be rel-
evant in predicting gymnastic ability. Wettstone (1938) formulated a re-
gressioni equation to predict potential ability. This equation had a ﬁuf—
tiple correlation of .79 and consisted of twb anthropometric measurements
(thigh circumference and height}, a strength score based on a three item
test (chinning, dipping and thigh flexion), and an agility score acquired
from the administration of the Burpee test.

Read (1967) after evaluating anthropometric and strength chiracter- '/
istics in high school gymnasts, concluded that the good gymnasts averaged
significantly l?ss than poor gymnasts in measures of standing height, sit-

b

ting height, arm span, leg length and upper arm length. He also stated

‘that the good gymnagts were more ponderous than the poor gymnasts and had

i

proportionally greater chest breadth than chest depth.
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The first study to evaluate factors to predict performance ability
u§%ng‘female gymnasts was carried out at California State College (Young-
ren, 1969). The variables evaluated were heigﬂt, weight, a ponderal in-
dex agd three skinfold measurements of the triceps, abdomen and“thigh.
The only high correlations were observed with triceps and to&al skinfold
sites to uneven bar scores. A moderate correlation existed between the

P .
same skinfold measurements and vaulting scores.

Another investigation using fop female gymnasts was reporéed by Pool
et al. (1969). Subjects for this research consisted of 38 %emale gymnasts
from the 1967 European Championship in Amsterdam. Again a variety of-
anthropometric and physical measurements were obtainéd and‘the important
results were as follows:

1. The scapula skinfold was negatively correlated while thorax
width was positively correlated with a]l-arouna s;ore.

2. The running distance,Uséd as an approach to-the vault and the
time tékén to cover that distance was significantly correlated

.

with the vdulting score.

by ' ‘
3. Jumping height was significantly correlated yith the vaulting

score.
A. The running time for the approach to the vault correlated
significantly with the mark for flaor exercise.
5. Body height and ;eight as well as handgrip strength did not
correl;te significantly with performance scores.
Korando (J97q) and Bofﬁ (1971) attempted to determine predictor
variables for single events., Korando, investigating balance beam per-

formance of beginners found that the most valid measure contained the

X




modified Scott sideward leap test and the experience variable. Eval-
uating predictors of success on the uneven parallel bars, Boyd concluded
that the most effective single predfctors were vertical jump, flexed arm
hang, weight and bent leg sit-ups. The most significant combination of
tests was vertical jump and flexed arm hang with an R=.}8.

Data collected on 15 variables for 216 female gymnasts participa-
ting in }he 1974 Ontario Provincial Championships are still at this time
under evaluation but tentative findings have been published (Witson, 1976).
It was reported that six of the 15 variab]gs showed significant rela-
tionships for the uneven bars, balgnce beam and floor exercise, while
eight variables were significantly correlated to the vaulting score.
High correlations were found between attractiveness and the vaulting and
uneven parallel bars events, and the number of years of competition with
the balance beam and floor exercise events. The highest correlation of
.90 was observed between the preflight jump on the horse and the ability

7

level,

Gates (1974) examined 12 structural and functional measures to com-
pute predictive equations for tQE;men's events (rings and parallel bars)
plus tumbling and trampoline. The highest multiple correlation (R=.75)
was obtained for ring skills. The variables that were most frequently -

selected to predigt ability were dips, sustained hand grip, weight and.

pull-ups.

Summarz
£

1. Size, strength and agility were important variables for pre-

dicting potential ability in gymnastics (Read, 1967; and Wettstone, 1938).
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2. Triceps and total skinfold sites were highly and moderateiy
fcorrelated to uneven bar and vaulting scores (Youngren, 1965).

3: Scapula skinfold, thorax width, jumpdng height and the run-
ning distance and time to the vault were/signf?icantly correlated to
gymnastic scores (Pool et al., 1969).

b, Beginni?g balance beam performance was best predicted by the
modified Scott sideward leap test and experience (Koténdé, 1970).

5. An R=.38 was found between uneven'parallél bar scores and a
combination of veryical jump and flexed arm hang (Boyd, 1971).

6. High correlations were found between attractiveness and the
vaulting and uneven bar scores (Wilson, I9Z§).

7. Higé correlations were found between experience and the bal-

ance beam and floor exercise events (Wilson, 1976).

. . 8. Strength and weight variables were the best predictors of
ability on the rings, parallel bars, tumbling and trampoline for men
(Gates, 1974).

1

2.6 THE VALIDITY OF GYMNASTIC JUDGING

ln‘gymn;stic competition, and any other sport in thch artistic,
qualities must be evaluated, lh7 ability and rélative success or fail-
ure of each participant fis detZrmined by judges. Whenever this type of -
o
evaluation is necessary there are always doubts about the accuracy, re-
liabil ity and objectivity o% the judges. In an attempt to evaluate
- gymnastic ju@ges, researchers have applied vér(ous approaches to examine

this problem (Calkin, 1969; Huges, 1959; Hunsiker and Loken, 1951;

L
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. Landers, 1970; and Wilson, 1976).
7

For most competitioﬁs there are four judges evaluating each event..
To determine the gymnasts score, the high and low scores are thrown .out

and the middle two scores are averaged. One approach used to study judg-
P ‘
ing is to evaluate the range of scores given 'to each participant and

then calculate the average difference between the high and low Scores
" for the whole meet (Hughes, 1959; and Landers, 1970). [t has not yet
been determined what the average difference should be for a well judged
; .

meet but it is assumed that the Iower_the»’/r.aﬁ'ge of scores for a parti-

s

cular performer the better or more objective is the quality of the .

judging (Landers, 1970).

< -

Another approach is to investigate the correlations between the
. Y

judges scores or between the sets ofn ranks established by each‘ judge
(Landers, 1970). Hunsicker and Loken (1951) calculated the intercor-

relations of five judges on six events in the men's National Collegiate

K I

Athletic Association Gymnastic Meet. There was good agreement between
judges as 50 relationships attained an r=.85 or higher. They also con-
cluded that scores for the horizontal bar were the most objective (i.e.
showed the greatest amount of agreement) while floor exercise scores were

the least consistant. In another study, Landers (1970) reported that

-

there was poor agreement in events having a small range of ability and in

?coring routines in which there was a fall from the apparatus (i.e. in-

»

complete performances).
: * During the 1972 Canadian Women's European Trials Competition the
: routines on the uneven parallel bars and the vaulting were videotaped

o

‘ from four different viewpoints, and rejudged at a later date by the same
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A

judges that scored the meet (\riilson, 1976) . Correlations were calcula-
v . - '
ted between the competition scores and the videotdpe replay scores to
evaluate judéing validity. The average correlation for uneven .paraHel
bar scores showed a high concensus relaiability at .95 but very los;v for . .
vaulting with an average of .09. ’To evaluate retest reliabil'ng:y, cor-
relations were calculated from judges viqe.wing each perforndwer from each
‘camera ‘;Sosition twice. Again the uneven parlallel bar routines had/a high
average correlation of .96 and the vault a low average correlation of
-.03. From the results of this study it can be concluded that judges'

scores for uneven parallel bar routines tan be considered highly valid

and reliable estimations of performance while vaulting scores are not -

as valid or as reliable.

o

In 1969, Calkin developed a computer pl:(;gram to evaluate gymnastic
judging. The information he obtained enabled 'him to determine if a judge's
score d'iffered significantly from the other judges or if the -entire
judging pahél differed significantly from judges that had evaluated the

individual or team in the past. He did however contend that there ‘may be
. ) «

very valid reasons for a difference in"score from one meet to the next as
gymnasts would be expected to improve with time or have a bad day just

likecany other athlete. :

(34
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-this study. One subject was dropped

4o

! AN
. CHAPTER (11
/I . ° v
' 1. METHODS AND PROCEDURES /
3.1 SUBJECTS .

Q

\\

Thirty girls from gymnastic clubs and high schools in the Montreal

‘area, between the ages of 11 and 13 yearé, volunteered to be subjects in

~w

&, however, due to incomplete data.

Informed consent was obtained. from all participants. The girls were all-
3 B ~ - 1

around gymnasts and had been training in gymnastics for at least one

Y

season. For the purppse of statistical analysis, all-around scores were
used to di;ide the‘sugjects into two ability levels. The low ability
gymnasts (n=17) had all-around scores below 20 points while the high abil-

ity gymnasts (n=12) had total scores of 30 points or greater. «

w
/

-
v

b

3.2 LABORATORY TESTS

‘3.2.11 MAXIMUM HEART RATE AND MAXIMUM AEROBY4C CAPACITY ° v

’
L) )

/
A graded, discontinuous bicycle ergometer test was utilized to de-

termine eagh subjects maximum heart rate and aerobic capacity. The in-
itial workload was set at 180 kpm/min. with a peﬁaling frequency of 60
;Bm set by a metrohoﬁé. Thereafter, the workload was incremented by
180 kp# every three minutes with a one minute rest period, (pedaling.at
zero resistance), permitted between each workload. With'the subject

/

breathing intp a low resistance Modified Otis McKerow valve, expired air

[l

7/

™
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. ) was collected in a Douglas bag during the last minute of each workload v

and analyzed for percentages of oxygen and carbon dioxide by Beckman OM-

&
11 and LB-2 analyzers. The analyzers were calibrated against a known

i
reference. gas prior to each testing session. The volume of inspired air

was measured with a Parkinson Cowaps gasometer. Heart rate was recorded
- at reg}, during the last 15 secondi of each worklead, and during the first, -
third and fifth minute of recovery with a single channel ECG recorder. |
Electrodes were placed for a bEpoiar lead recording at the manubrium and£

the VS position. After an R.Q. of 1.0 had been obtained, the test was

terminated at the point of volitional exhaustion.

* L]

o

3.2.2 ANAEROBIC ALACTIC POWER

Maximal anaerobic power can be measured by evaluating the energy re-

-

lease during the first four to five seconds of maximum exercise. The

e @

power that can be generated in a very short exercnse is d|Pectly related
- to the splitting rate of the high energy phosphate compounds (ATP and CP)

- OAstrand and Rodhal, 1977). The Margaria-Kalmen power test (Mathews and

Fox, 1976) was utilized to measure alactic power in all subjects. This

test involves measuring the subjects speed for a specific vertical com-

z

ponent during a maximum run up a flight of stairs. It has been deter-
mined that an individual can reach peak velocity within two seconds when
running up a set of stairs and can maintain that speed for only three

seconds (Margériai 1966) . e

A

A Dekan performance analyzer, with two contact pads that control

-

the timer, was used to measure the subjects speed to the nearest hundreth

. ]
i
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. of a second. The first mat, which starts the timer, wds placed on the
fourth stair and the seconddmat; which stops the timer, was placed on
the tenth stair. A starting line was lécated six meters from the first
stair. The height of each stair was 17.5 centimeters,

Each subject was instructed to ascend the-stairs as quickly as pos-
sible, by contacting the first stair and thereafter three steps at a time.
Six trials of the test were taken with a one to two minute rest between
trials. The best ﬂfastest) time was recorded for the calculation of an-
aerobic alactic power;hwhich will hence forth be known simply as '‘power'’

in this study. Knowing the individuals weight, thé vertical componegt

(1.05 meters), and the time, power was determined in kilogram mefers per

second using the following formula:

-~

‘ P=WXD ="power (kg -m./min.)
v : t = weight in kg.
= vertical height between the fidst
and last test stair in meters.
, t= time recorded from the first to
~ last test stair to the nearest
hundreth of a second

3.2.3 ANAEROBIC LACTATE CAPACLTY AND MUSCULAR ANAEROBIC ENDURANCE

§

{
;o

Maximum blood lactate is an indication of an individuals anaerobic
lactate capacity (Cumminb, 1970) . The highest concentrations of blood .
lactate have been recorded after brief exhaustive work between one to

*., ten minutes {n length (Astrand and Saltin, 1961; Karlsson, 1971; Mathews

I ‘ and Fox, 1976], with the highest vélges recorded after a seven minute

. | test. Lo~ ‘ '
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To obtain maximum Bﬂood lactate levels, each subject exercised on
the bicycle ergoﬁeter at a pedaling frequency between 60 and 70 rpm and
at a resfistance corresponding to six percent of her body weight in kilo-
grams. When the subject dropped below a speed of 60 rpm or when she be-
came maximallyxfatigued, the test w?s terminated. This work rate was
sufficiently intense to taxvthé anaerobic energy system maximally and
cause éermination of the test between two and eight minutes. Blood sam-
ple re taken from a pre-warmed and dry finger tip, prior to the test
and five minutes post exercise. Analysis for lactate concentration was
pefformed on each sample using the enzymatic technique developed by Cal-
biochem ( Calbliechem rapid lactate reagents, 1‘975).

The total duratioﬁ of the test in seconds was determined for each
subject. The measure of anaerobic muscular endurance used in this studf\
was the lengéh of time in seconds that the subject could pedal' a submax-
imal load (six percent of body weight) at a rate between 60 to 70 revolu-

!
tion per minute. i

3.2.4 _STRENGTH BATTERY

A
s

- - ,//n -
A cable-tension strength test battery for girls ages 11 1/2 to 14

1/2 years, developed y’CTg;E;/;nd Munroe (1970) was used to evaluate to-

— !

_tal body strengtH. This test battery has been found to produce a h{éh

multiple correlation (R=.941) with total body strength scores and there-
fore is a good predictor of overall strength for this age group. This
battery measures strength values for shoulder extension, hip extension,

and trunk extension. [n each instance a strength composite was calcula-
P
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a

ted by adding the gross score in pounds from the three cable-tension

!
strength tests. This score was then converted into kilograms and divided

!
by the subjects body weight in kg. to give a relative strength score for
each subject. Maximum isometric contractions were performed twice for
each test. A rest period of at least one minute was‘provided be tween
each attempt. In all cases, strength was measured on the subjects dom-

inant side. .The best socre from each test was used to calculate the

strength score. k |

3.2.5 FLEXIBILITY BATTERY

A flexibility test battery measuring -the movement range of four body
ton

{ ' .
parts was administered to each subject. The movements and measurement

procedures utilized were modifications of those developed by Leighton

’

(1955). The tes£ i tems were specifically selected because of their im-
q

portance in gymnastic performance. The movements measured were as fol-
lows : (1) active hip‘abduction (both legs), (2) active hip flexion (both
\legs), (3) shoulder hyperflexion and hyperextension, and (4) trunk flexion
and extenékon. , .. /
Each range of movement was measured in terms of degrees of rotation/
with a Leighton Flexometert The instrument was strapped to the body segment
to be tested. The dial wa; locked into position on zero degrees when the
subject assumed the starting positien. The subject then moved the body seg-
ment through the greatest possible range of movement and the pointer was

locked. Degrees of rotation for the movement were read directly from the

instrument. Each of the eight measurements were repeated twice and the mean




- Starting position: - - standing position, feet together,
ﬁ heels against wall, arms at the
" (b)

45

o
score fof each test was added together to determine the total flexibil-
ity score (i.e. Flexibility= hip abduction - left leg + hip abduction -
right leg + hip flexion -~ left leg + hip flexion = right‘leg + shoulder

hyperflexion + shoulder hyperextension + trunk flexion + trunk extension).

A third measurement was taken i(f the scores were not within five degrees.

. =
.

Test Descriptions: To prevent injury, subjects were allowed a sufficient

warm-up period before extreme positions were attempted. The testing pro-

sedures for each of the individual tests were as follows:

;-

(1) Active Hip Abduction - both legs:

Starting position: ~ standing position, feet in first
position, heels together, knees
outwardly rotated, side to the
wall, one hand on the wall for
balance. The dial was locked in
the starting position.

The subject then elevated the
knee on the leg being tested, as

(b)
high as possible (a) and straigh-
tened the leg maintaining as much
abduction as.possible (b). The

Movement :
(a}

pointer was -locked in this posi~
tion and degrees of abduction re-
corded,

(2) Active hip flexion - both legs:

sides. The dial was locked in the
starting position.

’
"

- The subject then elevated the
knee on the leg being tested, as
high as possible (a) and straigh-
tened the leg maintaining as much

Movement:

er was locked in this position and
gegrees of flexion recorded.

(a)
W&

)

ol

flexion as possible(bl. The point-
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; > .
. : ‘ (3) sShoulder Hyperflexion and Hyperextension;
- ~
Hyperflexion starting position: - standing position, legs together,
back pressed against a door jam,
arms above head, palms facing in-
* # wards and towards each other.
PR The dial was locked in the start-
— ing position.
Mogement : ' - To keep the subjects back against
the wall jam to prevent lower
. back hyperextension, pressure was
. . applied at the sternum and, abdo-
— men. The subject then hyperflexed
— the shoulders as far as possible.
: The pointer was locked in this
position and degrees of hyperflex-
‘ " ion recorded.
Hyperextension starting position: - sitting position, legs extended,

knees straight, arms at side,

- fists clenched and positioned at
” the hip. The dial was locked in
’ the starting position.
1 ’s’.‘ . ) -

»

Movement : * -~ Keeping the fists at the starting
. position and the arms straight,

the subject slid forward extendiﬁg
- - K——/ the shoulders as far as possible.
’ The pointer{ was locked in this
position and the degrees of hyper-

extension recorded.

(4) Trunk Flexion and Extension: /

Starting position - flexion and extension
- standing position, feet shoulder
. width apart, legs straight, arms
. \ . extended above head. The dial was
/ locked in the starting position.

-




Flexion movement; -~ Keeping the knees extended at all

) ¢ times, the subject flexed forward
(:) and downward as far as possible,
\_ using her arms to help.pull her
further into flexion at the extreme

Y

[ ]

[}

[ ]
position. The pointer was locked
in this position and the degrees

: of flexion recorded.
Extension movement: - Keeping the knees extended at all

times, the subject extended back-
wards as far as possible. Assis-

N '
4 ; ' tance was given to help maintain ™
! balance by supporting the subject
' at the hips. The pointer was
Tocked in this position and the

degrees of extension recorded.
3.2.6 AGLLITY

To evaluate agility the AAHPER 30 foot shuttie run was peﬁfoymed by
each subject. The test design consisted of two parallel lines, 30 feet
apart, and two small blocks of wood placed on the 30 fodt line (Figure 1).
Two subjects were tested at théﬁsamé time. The procedure was repeated
three times with a rest period of at least three minutes between each
trial. The subjects started in the standing position behind one of the
lines, with the blocks o% wood located on the opposite line. On the com-

~ ‘

/ b
mgnds "ready'!, '"'GO'' the subjects were instructed to yun to the opposite

v

line, pick up one block, run to the original line and place the block on
the line, return to the opﬁosite line again, pick up the second block a
and sprint back over the starting line as guickly as pos;ible. . Each

trial was\timed with two stop watches that (eéorded the time to the

nearest tenth of a second. The fastest time was recorJ;d as the agility

score. ' . _ A




Pacd

" to the long axis of the arm about half way between the tip of the acrom-
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30 feet

A

;;fiqure 1. AAHPER 30 foot shuttle run.

3.2.7 BODY COMPOSITION ¢

o

Body composition was evaluated by.,a composite score of four skinfold

' sites that had been found to be highly reliable in evaluating body compo-

sition (Montoye, 1970). A Harperden skinfold caliper was used to measure

v

the four sites: (1) triceps, (2) subscapular, (3) abdominal, and (4) supra-

iliac crest. The triceps skinfold was taken on the right arm, parallel

i

ial process and the tip of the elbow. The subscapular skinfold site was
measured at the tip of the right scapula on a diagonal plane about 45

'

degrees from the horizontal, laterally downward. The abdominal skinfold

. ~ @ !
was measured by a vertical fold about one centimeter-to the right of the
navel. The suprailitac crest skinfold site was measured on the right mid- |,

axillary line at the crest of the {llium on a diagonal line, dorsally

upward (Montoye, 1970}. . .




« modulation .(FM] techniques and operates in the FM broadcast band. between

L9

Two measurements were taken at each site and when the difference

between these two measurements exceeded five percent, a third measure-

ment was taken. When two measurements wé?g\taken the meag value was used

&
-

as the score for that site, When a third measurement was necessary, the

(S * ». -
mé?n of the two closest values was accepted as the representative score.

“a?
3.3 FILELD TESTS

3.3.1 HEART RATE (INTENSITY DURING GYMNASTIC ROUTINES "

o, * To determine the intensity required for gymnasts to perform on each

of the four events, the heart rafe response was monitored via radiotelem-
eiry during the performance of optional routines. Prior to elctrode
placement -the skin was prepared by~firgt swabing the areas with alcohol
then removing the horny epidermal layer of skin with an abrasive. The

skin was then wiped with alcohol again and ;ried with tissues. Disposable
(ConMed Medical Electrodes) or reuseable silver-silver chloride electrodes !
were placed on;the manubrium and’VS positions for a bipolar lead recording.
The transmitger {Narco Bio Systems FM Y100 E2), worn arouna the waist in

a small padded belt, conveyed inférmation on héart rate response to the
reciever (Narco Bio'Systems Biotelemetry Recieves FM-1100-7) and- bio-
tachometer (BT-1200) which in turn prodﬁced a visual representation on a
calibrated recorder (Hewlgtt Packard 400 BM Strip Chart Recorder). Trans-
mission of cardiac frequency data via asingle channel telemetry link is

shown in Flgure 2. This short range telemetry system uses frequency

88 and 108 MHz. The transmitter used during the experiment was small
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electrodes

) (( Receiver Biotachometer __* Recorder i
, I
battery powered displays cardi- visual print-
I\ FM transmitter ac frequency out on a beat

to beat basis

Figure 2. Heart frequency telemetry link. -~

(3 ecm X 2.5 cm X 1.5 cm) and did not hinder the movements of the subjec

: during the performance of her Eg:?$nes.

| Optional routines for balance beam, uneven parallel bars, floor ex-
ercise and two identical Caults were monitored once dyring a practice
situgtion. Wheneven;possib]e,'all routineslwere monitored on the same
day and sufficient rest time was .allowed between the performance of each
routine and between Zhe-two vaults to allow %or heart rate recovery. A

’ heart rate below 100 beats/min: was used as the criterion for sufficient

récovery. The routines were performed in a random order, which in many
cases was dependent on the practice schedule set up by the coaches.

After a sufficient warm-up period, the gymnasts rested to stabilize

and recover the heart rate below 100 beats/min. before performing the

routine. The subject was notified that she could begin the performance
/

.
and was allowed to make final gymnastic equipment adjustments. Heart

‘ rate was monitored approximately 30 seconds prior to the performan'ce,/
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during the entire routine and one to three minutes into recovery.

N

Average percent intensity, peak heart rate and duration were cal—o
culated for all events. from the printed recording. Average percent in-
. .
tensity was determined by first calculating a mean heart rate for each
six second period of the bhalance beam and floor ggercise routines and for
each four -second and two second periods of the uneven baralle?"bar rou-
tine and vaJQting respectively. fhe mean heart rates were totaled for

)

a given rouEine and divided by the number of periods observed to give an
overall averagé heart rate for the routine. Knowing each subjects max-
imum énd resffﬁg heart rate, percent igtensity was calculfted using the
Karvonen method. Peak heart rate was the highest six second average at-
tained during (or in the time period immediately following) the performance
of the rdutine.‘ Duration of the rouéine was calculated from the paper
speed. The recorder paper speed was set at 30 cm/min. for.vaulting and
uneven parallel bar routines and at 15 cm/min. for balance beam and floor

H
¢

exercise routines. .

0

/
3.3.2 / BLOOD LACTATE' CONCENTRATION FOLLOWING GYMNASTIC ROUTINES
- /

/
/
v

Finger tip blood samples were drawn five minutes after the perfor-
mance of each routine for blood lactate analysis. Blood samples were not

taken following vaulting because the activity is too brief (fouf to six

seconds) for the activation of the anaerobic lactate energy/system. The

blood lancet. After the first drop of blood had/Been wiped away, one

L




which is the indicator of the reaction. Since it is known that NADH has
. 4 s

‘hundred microliters of blood were drawn, immediately added to 0.2 ml of

ice cold perchloric acid and spu% in a centrifuge within 15 minutes of
collection. The deproteirized sample was séored at refrigerator temper-
ature (2 to 8 degrees centigrade) until a&alysis could be performed at a
later time. [t has been shown that samples prepared in the Ereceeding
manner can be kept for 24 h&hrs without significant changes in the anal-
Y§Is results (Marguire and Copeland, 1972). Lactate analysis was per-
formed on each blood sample using the Calbiochem technique.

, ;

' The enzymatic technique for lactate determination de$ends on the ox-
idation of lactate (CH;CHOH COOH) to pyruvate (CH,CHO COOH) and NADH. This
reaction requires the presence of NAD (Nicotinamide-adenine dinucleotide)
and the enzyme LDH (lactate dehydrogenase), Both of which are present in
the reconstituted reage;ts prepared blealbiochem. Pyruvate is removed

from the reaction when its' carbonyl group combines with the glutamate
and GPT (glutamate pyruvate transaminase), also present in the reagent.
Removal of pyruvate brings the reaction o an end when all the lactate
@as been converted into pyruvate. The result is an. accumulation of NADH,

. - d
maximal"absorbance at 340nm, the amount of lactate converted to pyruvate
is proportional to the change in absorbance at 340nm.

The major modification ih #he assay procedure used in this study
was that 20 microliters (instead of 100 microliters) of supernatant were
used along with a dilution factor of 4.87 ﬁ;r the determination of blood
lactate' concentrations. The assay procedure was as follows: )
1. 2:9 ml of prepaféd'reagent were dispensed into a c}ban dr; cuvet

with a 1 cm 1{ght path.
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2, The cuvet was placed in a constant tenperature water baZh (30 v

degrees centigrade} for about't(ree minutes or as long as néed—

0

ed to bring the reagent to.the established temperature. The
deproteinized blood sample was preincubated for the same amount .

o of time in the water bath.

3. The cuvet was wiped'er and placed into the spectrophotometer to

. Q
read the initial absorbance of the reagent.

1

1 1
h. Twenty microliters of supernatant were added to the reagent.

The cuvet was covered with a square of.parafilm, gently inverted
and replaced into the water bath for 15 minutes of additional in-
cubation® .

— -

5. After 15 minutes the final absorbance was read. .

6. All'measurements were made at 340 nm. The spectrophotometer. was
calibrated for 100 percent transmittance with a cuvet of distil-
led water before each measurement.

7. Calcution: blood lactate in mg% "= change in absorbance X 131 X

- 4.87

The number 131 represents the factor for converting the change in absor-

,

bance to lactate in miligrams percent. The'dilution factor 4.87 was used

for all calculations because 20 microliters of supernataft were used dur-

ing the assé&ﬂprocedure instead of the 100 microliters suggested by Cal-
&, :

biochem.

I *a -

3.4 EXPERLENCE .

A criterion score representing each subjects' experience 3s a

I"
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©

g)}'mnasf: was determined from four factors. The information was obtained

- ]
from a questionnaire completed by each gjir] with as§istance from her

o

coach. The factors used to evaluate experience were: (11 years of for-
mal gymnastic training, (2) number of meets in which the subject has com-

peted, (3) average number of hours of practice per week and (4) number of

t

months per year devoted to gymnastic training. Points were awarded for

each factor and the sum of all points was the criterion score’ used to re-
{ . v !

present the experience variable. The poirts wére gwarded in the follow-,

ing manner: (1) one point for each year of formal gymnastic training,
! el ’ .

(2] one point,for each meet that the subject had competed in, (3) one’
- poin't for each average hour of practice per weék (i.e. if the subject
; practiced on the average 10"hour per week she was awarded 10 points) and

, ~
« (4) one point for the number of months of training per year (i.e. if the

subject trained three months out of the year then she was awarded three
‘ 2

points}). ’
/ /
“ g ~ v
< EXAMPLE : ~ TRy : ‘
* Gymnastic ngtionnaire v
Subject: C.H, '
e ' ’ ‘Age: 12 years ‘
‘ J 1. How many years have you been training in gymnastics? ~
+ -'1(”; e )
oYL Ans. 2 years
]’ . 2. How many gymnastic meets have you competed in to date?
J " ~ !r
| . Ans . 23 nedts
M‘; [ 3. On the average, how many hours per week do you practice?
. . Ans. ) 21 _hours
- “ \@
. , ——] ©



« o
a

~~
)

k. How many months out of the year are you Involved with gymnastic
® -
training? ‘
o
Ans. 12 months

N -~

EXPERIENCE =2 years + 23 meets + 21 hours/week + 12 months/yr.

)]
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3.5 DEPENDENT VARIABLE - GYMNASTIC SCORES

Average. gymnas£’ic scotes for all events were obt:;ainéd from the most
r:ecent competitive season. ‘In order to standardize the scores each rou-
tine’ was given a difficulty rating as determined by the international
Gymnastic Federation Code of Points (1978). The scgresi were then multi-

plied by this difficulty rating and divided by 10 (the highest possib;le

score). Routines that contain%d all the necessary difficulty movéments

]

(three superior and four medium difficulty stunts) were given a difficulty /
~

rating of 10.

1

EXAMPLES : N

v ! ’ ]

#1. Subject: M.H.

difficulty rating: Tﬁ\points

score: 8.30

CALCULATION  8.30 X 10 = 8.30 3
: / AT :

event: vault —\\handSpring with 1/2 twist on and 1/2 twist off

L




=
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e rd

#2  Subject: é.A.
event: vault - layout ‘squuat )
difficylty rating: 8 points | r
score:  6.10

CALCULATION 6.10 X 8 = 4.90
' 10

#3 Subject: M.H. ) .
event: Floor exercise |
difficulty rating: 10
score: 8:70

CALCULATION 8.70 X 10 = 8.70

3l

—_—

#4  Subject : C.G. ] ' - )
event: floor exercise
|+ difficulty rating: 5.9.points (3 medium stunts)

score: 6.0

——

” CALCULATION 6.0 X 5.9=3.50 - :
. - 7 }

a

3.6 STATISTICAL ANALYSIS: _

1.

For purposes of statistical analysis, all subjects were divided into
two levels of ability, based on the all-around scores obtained from the
most recent competitive season. Descriptive statistics of all variables,

consisting of the range, mean,standard error and variance were computed

for the total group (n=29) and each ability level (high ability n=12, Tow

, TR . «
ability n=17). Analysis of variance and t-tests were performed to




.

«
by

{
evaluate significant differences between the ability levels for each of

tge variables measured. Post hoc analysis was performed for all st”gnif~

icant F values.

N

Multiple stepwise regression was computed using all variadles; (1)

'

to determine the best linear prediction equation for all-around gymnastic

ability and for each individual event, and (2} to evaluate the relative
] ~
contribution of specific varlables or sets of variables to gymnastic abjl- "

ity. The all-around gymnastic score was used as the dependent or criter-

!

“ion variable when determining the prediction eduation for all-around

gymnastic ability, and the scores obtained for individual events were the

E

dependent variables when prediction equations for each event wer'e being
computed. Two of the independent variables—(l) heart rate pércent intens
sity for‘each} event, and (2) blood lactate concentration for gach event,
were converted into mean values fQ;’ the four events when used:as a varia-
ble in the regression analysis for all-around gymnastic ability. Raw
score v;lues obtained on each event were used when formulating the pre-

diction equation for each event.

0
»
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B CHAPTER 1V
RESULTS

4.1 (NTRODUCTION |

' f\\_/ =
{ -

The purpose of this investigation was to obtain physical, physio-

4

logical, and anthropometric measurements on female gymnasts, representinge

-

a v:ridel range of ability, and to determine which variables or groups of ‘
variables were the best indicators of gymnastic ability. Statistical -
procedures, which included analysis of variance and t-tests were performed

to determine significant —dif"ferences between high and low ability gymnasts:

on the measured variables. Hence, if was possible to determine which

variables most clearly distinguish the high ability gymnasts From the

low ability gymnasts. In add\itfon, correlation coefficients were compu-

ted to.determine the relationships between the measured varjables and gym-

nastic ability. Finally, multiple ,stepwisg regressiér;,‘analysis was utAl-
ized to select the best 1inear prediction equation for all-around and
individual event gymnastic\ability. ”The most significant predictors of
gymnastic_ ability were computed, and within the regression equation, the

» /
relative importance of each variable as a predictor was dﬁtermined.

4,2 PHYSICAL, PHYSLOLOGICAL AND ANTHROPOMETRIC CHARACTERISTICS
Means, standard errors and ranges for physical and anthropomet'ric

variables are presented in Table 3, while the values obtained for



»
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physiological measurements are presented in Table 4.

a
‘ N

Tadle 3. Phys';ica/l ‘and anthropometric characteristics of female gymnasts.
~

-

[4

Variable Total Group (n=29) Range
‘ O'GSEg .
Height (cm) 146 + 1.5 131 - 166
Weight (kg) - 3714 - 26 - 49
Total Skinfold (mm) 32 £ 2.7 18 - 84
Anaerobic Endurance (sec.) 218 +14.4 ‘ 120 - 380
Total Flexibility (degrees) 742 £19.2 e 535 - 967
Pover (kg-m./sec.) 62 £ 2.1 50 - 89
Agility (sec.) - 10,0 z 0.1 9.3 - 11.9
Strength (kg/kg bod;r wt.) 1.2 £ 0.1 ) T .0.6 - \ 2.1

. /

{

€
-

To further evaluate heart rate response during the performance of

~

gymnastic routines, a mean heart rate was calculated for:each six second

!

period for the total duration of both balance beam and floor exercise rou-

tines, for all subjeEts. In order to obtain a significant number gf data

points, the routines for the uneven parallel bars were divided, into four
second periods because of the brevity of the routines, The average heart

rate for each period was expressed as a percent of the maximum potential

.

heart rate (percent intensity]l and plotted agatnsvt time (_Flglure 3. As

" would be expected,  the balance beam and floor ex/di-cise routines were
longergin duration than, the uneven paralle] b;/ routine. A gradual
. ' s

s

\




Table 4. Physiological characteristics of female gymnasts.

¥

Total Group (n = 29}

- Variables (x % SE}
h Resting HR ébpm) 81 1.6 60 - 98-
Maxi(mum HR (bpm) . 197 £ 1.5 182 - 215 " !
Resting lactate (mg%) ’M 1.0 3 - 27
Ave. post exercise lactate (mg%) 25 +12.3 | IO'V- 60 -
> ‘Maximum lactate (mg%) | 77 £ 2.7 \ 52 - 118
; ¥0, max (1/min.) 1.8 0.1 1.2 - 2.55 ‘
[ V0, max (ml/kg min.} 50 £ 0.9 39 - 62 /
U, max (1/min.) (STPD) 53:1.9 32 - 75
> Ave. HR intensity (during routines) 73 £ 1.6 55 - 85
Peak HR intensity' (during routines) 84 £ 1.9 49 - 100
- incrg‘ase in heart rate was observed on the balance beam while the mos t
- . rap/i/d ihcrease in heart rate resulted from routines performed on the un~ ‘
even parallel bars. The uneven parallel\bar routines elicited an ;verage
heart rate iﬁtensity of éO percent, while the heart rate response for the
balance beam and floor exercise routines was approximately 75 percent of
the ma;dmum intensity. In addition, each routine resulted in a heart tate
ﬂ response of approximately 90 percent intensity by the end of the: performance.
. ,
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Clse and uneven parallel bar routines.




L,3 HIGH ABILITY VERSUS LOW ABILITY GYMNASTS

For purposes of determining significant differences between gymnas-
tic ability levels on th% variables investigated in this study, the sub-
jects were divided into two ability levels based on the all-around scores.
Low ability gymnasts (n=17} were designated as éhose sub jects who had ali*
around scores bélow 20 points, while high ability gymnasts (n=12) had all-
around scores equal/ to or greater than 30 points. Experience, alul—around,

and individual event scores for high and low ability gymnasts are pre- o

sented‘jn Table 5.
_ 4 ' * .

Table 5. Experience, all-around_and individual event scores for high and
low ability gymnasts (X ¢SE and Range).

5
'

Score Low Ability High Ability
(n=17) (n=12)
Experience* 15.7 £ .77 53:] + 4,83
. (18.0-20.0) ~ (33.0-95.0)
Al1-around ' 14.5 + .62 32.9 & .50
‘ o (8.5-19.1) (30.0-35.0) -
) : ’ .
- Vaulting / 2.+ .23 8.3+ .15
- . (2.2+5.6) ¢ (7.4-9.0)
Uneven Parallel Bars j.l t .19 8.2+ .15
(2.0-5.0) (7.1-8.7)
Balance Beam ~ 3.7 ¢ .18 7.9 2 11
(2.0-4.8)- (7.2-8.6)
Floor Exercise 3.5+ .20 8.4+ .15 ,
\ (2.0-4.7] (7.5-9.21
. '@Experienc':e = no. of years + ave. hours per week + no. of meets + | -

ave. months per vyear.
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Tahle 6 Tists the results of t-tests computed between high and low

ability gymnasts on the independent variables for which values are repre-

sented by a single measurement.- Only one‘'variable, agility, was found

“to be significant (% =.01] between the two ability levels. The high

ability gymnasts obtatned significantly~ﬂower agility scores than the low

ability gymnasts. |

A two-way analysis of variance was computed for ability groups versus

measurements on all the independent variables for which values were deter-.

mined by a composite score of individual measurements. The ANOVA results
and F-values for .total skinfold, strength and total flexibility are pre-
sented in Tables 7, 8 and 9 respectively. Significant F- values (e =.05)
foJ/betWeen group variance were found in all three variables. The high

ability gymnasts obtained significantly higher strength and flexibility

~ scores and lower skinfold scores than the low ability gymnasts.

~

For the flexibility variable, signifiqant F-values were‘also obtained
for the main ;;fects‘of flexibility measurements and for the interaction
of ability groups by. flexibility measurements. Because flexibility is
joint specific,_iélwould be expected that the measurements taken on dif-

ferent parts of the body will be significantly different from one another.

k
Student-Newman-Keuls post-hoc analysis revealed that the high~ability gym-

nasts obtained significantly higher flexibility scores than tﬁg\dow ability

gymnasts on five of the measurements (aotivé hip .abduction for both legs,

active hip flexion for both‘l;gs, and trﬁnk flexion). The measurements

4

for shoulder hyperflexion, shoulder hyperextension, and trunk extension,

were not significantly different between the two ability groups. The sig-

\

nificant interaction is explained by the fact that the high ability

/
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Table 6, t-tests on regression variables between high (n = 12} and
low (n = 17} ability gymnasts. -
, x ! i

1

L \

Variahle High Ability Low Ability t-value
® * SE) (% = SE) | .

He ight (cm) h 143 = 2.1 148 = 2.0 , l¥.82
Weight (kgl ) 35 £ 1.6 38+ 1.4 1.07
Anaerobic Endurance (sec.) 253 #25.1 194 = 14.8 ~2.19
Maximum lactate (mg%] 73 £ 5.3 79 + 2.6 1.07
002 max (ml/kg min.} 51 £ 1.5 48 + 1.0 -1.64
Power (kgm/sec.) - 97 i.h.h i éjlt 4.3 -0.89
Agility (sec.) - T97 200 103+ 01 3.76"
*( =.01) -

Table 7. ANOVA of skinfold measurements for ability groups versus individ-
ual skinfold measurements.

~
<l ~
—

Source of Variation df Sum of Squares Mean Square . F
Ability groups ] 504.5 504.5 5,34
£
Skinfold 3 291.7 97.2 1.03
Ability groups x 3 | 653.4 ; 217.8 2.30
Skinfolds
Res.idual 104 9739.2 94 .6 ~
~

% (F 1,104 df & = ,05 = 3,93) ' b
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Table B. ANOVA of strength for ability groups versus
individual strength measurements.
Source of Variation . df Sum of Squares Mean Square F
Ability groups 1 1.2 1.30 5.23 *
Strength 2 0.1 0.01 0.16
Ability groués X strength 2 1.3 0.63 2.82
17.3 -0.22

Residual - 78

* (F1,78df &=.05 = 3.99)

Table 9. ANOVA of flexibility for ability groups versus
individual flexibility measurements.

. . 7 h
Source of Variation ) df Sum of Squares Mean Square F
Ability groups 1 16161.2 16161.2  72.92% ’
Flexibility ) 7 367203.9 4 52457.7 236.68%% -
Ability groups x flexibility 7 7576.9 1082.4 L 88#*
Residual 208 L6100.5 221.6
* (F1208df &=.05 = 3,92) ‘
x% (F7208df = .05 = 2.09) '

-

V4
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gymnasts obtatned supertor scores on all the hip measurements and trunk
flexion but did not show thls same superiority in measure%s obtained

for the-shoulder joint and for trunk extension. ° )

-

A two-way analysis of yariance was computed f"or/ ability groups versus _

gymnastic events on the independent variable post-exercise lactate. The
ANOVA results and F-values are &)resented in Tabte’ 10.. A significant

(o =.05) F-value-was obtained for bétween group variance and following the
examination of group means it was conclduded that the high ability gymnasts
obtained significantly higher post-exercise lactate concentrations than
the low ability gymnasts. A significant (e4=.05) increase in the resting
lactate concentration (from Thz 1.0mg% to 252 2‘.3rpg%) was observed follow=
ing-the performance of the gymnastic rputines. The lactate levels ob-
tained following the routines, however, were not significantly different
from each other, as mdtcated by the /lnSIgnlflcant F-value obtalned for

Q

the between events variance. Hence, all events el ICIfted a similar phys-
iological response in terms of lactate production. '

Mean heart rate response and peak heart rates recorded during the
performance of gymnastic routines along with the mean duration of each
event are presented in Table- 11. All-events, except the u;even paraliel
bars event, were longer in duration for the high ability gymnas’ts as com-
pared to the low abil ity gymnasts, The longer duration time for the vault

observed for the high ability gropp can be explained by the fact that the

approach to the vault used by this group of sub_]ects was approxlmately 20

meters whilé the low ablllty‘ group used an approach between 10 to 15 meters.

[n all cases except vaulting the mean and peak heart rates were higher:

for the high ability gymnasts than the low abifity_gymna’sts.

-

v
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Table 10. ANOVA of post-exercise lactate for ab{l{ty groups
: versus gymnastic events.

’

<

<.

Source of Variation ‘ df Sum of Squares Mean Squaf@™ F
~ ~
AbiTity groups ] 6161.4 6161.4 9.69%*
Gymnastic events 2 454 9 227.5 0.36
B li
Ability groups x events 2 1362 68.1 0.11
Residual . 78 48950.0 e, . 635.7 . -

% (F1,78df ot =.05 = 3.99)

»

.

A two-way analysis of variance was computed for ability groups versus .
-gymnastic events on the independent variable average heart rate inten-
sity during the routines. The ANOVA results and F-values are presented

in Table 12. Significant («£ =.05) F-values were obtained. for both main

. , ‘
effects-components, ability groups and gymnastic events, as well as for
‘ N .
the interaction effects of ability groups by events. The high ability
J
gymnasts obtained higher heart rate intensities during the perform"ance/ of

‘theif‘ routines than the low abil}ty gymnasts. Following Student-Newman

Keuls post-hoc analysis, séatis{ically significant difference‘s,inP heart -

rate intensity were observed between the ability groups for all gymnastic ____ i

events except vaulting. In vaulting the high ability group obtained a
B ¥

lower mean heart rate intensity than the.low ability group. Although
) ' &
- . ]
this difference is insignificant it explains the acquisition of signifi-
. TN

cant interaction. The h(gh ability group invariably obtained the htgher

average heart rate mtensitles tn all the other events. Figure 4

»
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Table 11. Routine duration, mean HR and peak HR
: in the gymnastic events (X + SE).

. . ) . .
Duragion _ Mean W _ Peak HR
Eyent \ < (sec.) ”% (bpm} + (bpm} ;
Vaulting |
" Low Ability h.% : 0.1 1563 + 2.2 161 2.5
High Ability , 5.3 :0.1 151 £ 5.0 163 £ 6.3
Ungven ParaHlel Bars « ( - .
Low Ability b 87.5 + 2.4 169 + 3.6 _ 181 £ 3.4
High Abiiity '28.5 & I.5 182 ¥ 2.5 195 £ 2.6
Balance Beam | "
Low Ability 62.6-+"1.2 160 £ 3.1 - 170 £ 2.9
HighMAbiliry ‘ 88?§‘§ 5.0 181 % 3.3 191 £ 3.6
Floor Exercise ; /
Low Ability 63.4 * 3.5 164 + 3.9 180 * 3.2
_Bigh Ability . 79.7 % 2.5 175 % b0 193 % 3.1

A - ) -
N «

graphically represents this observation. Fgrther ahaiysis revealed that

the low ability group exhibited similar (s%attstlcally |n519nlf|cant)
heart rate responses |n all events w:th one exception, the uneven paral-~-
4 Fl °
lel bar heart rate response was srgnlftcantly higher than ‘the vau]tlng
: \

. response. On the other hand, for the high ability gymnasts ﬁhree events, -

uneven parallel bars, balance b&am and floor exercise were all signifi- -

cantly higher 1n terms of heart rate response than the vaulting event.

The greakest dlffgrence observed between the two groups Was the heart rate

intensity pbserved on the balance beam.

*4

[

o .
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Table 12. ANOVA of exercise heart rate intensity for ability groups -
versus events. " :
, i
~ -+ Source of Variation df Sum of «Squares Mean Square F
‘ - ' / iR
Ability groups . 1 1732.6 1732.6 16.63%*
. Gymastic events o3 5855.2 1951..7 18. 7k
“ : Ability groups x events 3 1086.2 - 362.1 3,48
. Residual . 104 10834.1 104 :2

i
L
I -

#(F1,104df & =.05 = 3.93)

#%(F3, 104df & =,05 = 2.69)

¢
& o
W

' " @

) To further analyse the differences in heart rate response during rou-

»

tines between the ability groups, a mean heart rate was calculated for
v each six second period for.the total duratipn of both balance beam and
floor exercise routines and for evéry four sgcond‘ period for the uneven
Parallel bar rou;:’me. The avd’?age <rhxaart rate for-each period was ex;res—
sed as a percent of the maximum potential heart raté for both groups' and
b plotted against time‘ (Figure 5).. Both groups began their routines at

| Qapproxvimately the same heart rate [ntensityi but the high oaf;iility group’

a 0\

a more rapid increas;. in heart rate and obtained a higher °

»~

v

intepsity In all routines. ‘& '

O g
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4.4 PREDICTION OF ALL-ARQUND GYMNASTIC ABILITY AND ABILLTY [N EACH EVENT
i

The dependent ar criterion variébles used to predict gymnastic abil-
ity in this study.were all—aﬁ?und and individua) event gymnastic scores.
The significant (®=.05} correlations observed between the in&ependent
regression variables and all gymnastic scores are presented in Table 13.
Three independent -variables, weight, maximum lactate_and power are not

presented in the table bec?use they did not result in any significant cor-

'

reia%Tbns with the gymnastic scores.

From Table 13 it can be seen that the experience variable had the

highest cotrelations with all the dependent variables. The highest cor-
; ‘ /

relatjon observed was between experiencé and the ‘all-around score (r=.895).
Following experience, the independent variables most significantly and

“
consistently correlated with all scores were flexibility, agility, total

skinfold, and strength. 1t is interesting to note that although the

measurements for anaerobic endurance and maximum aerobic capacity were

o

not statistical]# significant between the two ability groups (see Table

a

6), both variables were significantly correlated with all-around gymnastic

scores and individual event scores. Maximum aerobic capacity was signif-

" icantly correlated with uneven parallel bar and floor exe#cise scores

while anaetobic endurance was significantly correlated with all events

except vaulting, ,

Thé_;lgnificant (*=.05) inter-correlations between regression varia-
. , N

blei/for all-around gymnastic ahility are presented in Table 14. It is-

‘ )
apparent that there were three independent variables in particular (total
/ i -

) , .
skinfold, agility and experience] that were significantly correlated with
{ , ‘

3



. ~
!
. v - Table 13. Significa—nt" correlations between regression variables and gymnastic scores..
. i ) . N
y R;gr?ssion ’AH-Arouné‘ Vaulting Uneven bars  Beam ‘ F_I_oor Ex.
ariables Score Score Score =  Score Score
4
| | | * N
Height (cm) ; ‘ - ) ;= | - : .393% -
*  Total skinfold (m) ~.637%% -.621%%  -.63B%%  -.59hwk - 653wk
| : . °Anae;robic End;Jrance (sec.) ! 1.364* { - o .384% .388% .377%.
’ _ ’. iroz max (ml./kg.-r?in.) ﬁ : '36.3i\ - ".391% - .388%
‘ / Total Flexibility (degrees) .762%%  .762%% _  .731% .762%% . 750%%
Aéility (/sec.) . -.652%% -.660%* -.620%* - 6L47%* - 648xx
R ° Strength (kg/kg body wt.) .629%%* .569% .624%% BT .636%%
/ - Floor Exercise L.A. (mg%) . - . - - .523%
Uneven Bars L.A. (mg%) - - .503% - -
. MH.R. (% max.) P - - - - .385%
\ 'Balance Beam H.R.W(Z n-l;x.) B — - = L651%% -
) Uneven Bars H.R. (% max.} - - .486%* N"V -
IMeran Exercise H.R. (¥ max.) . .515% » & - ) / —,_i’/.d" -

* (& =_05) *% (& =,001)

- - ’

€/

it
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Table 13. (Continued)

“

15%

-

Regression Al1-Around Vaulting Uneven Bars Beam Floor Ex.
Variables Score Score Score | - - Score Score
Mean Exercise L.A. (mg%) .560% - - - -
Experience - .895%* R LT .885%x L87Lx%x 874
. . |
‘ ~3
- %(a& =.05) .

*% (e =.001)

v

™

RN

Wi
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Table 14. Significant correlations between the regression variables for all-around gymnastic ability.
’; ——
%
. i — ]
4 . ¥ ) o= 22 E
+ ©
s LI B o . . IS
- . — g o < c
) : —~ x - w . : > )
" = - o T ¥ o T - 2 et
£ X Y= = — [l [ . o— [
o o c X 7} o . . — o -
- - — ~ ) L - z o oy - a
[}] O X o — - (o] > > o x
- b = = % o= w 7] a. <C << < w
- 3
Height ! .893%% - - - - 6U3Ex - - L -
——  Weight ' A492x - - - .803%% - - - -
. A | 3
° Skinfold ~ . T ~.570% -.608%%- 495*% - - - -.538% 693+
VOZ max. ) - - - - L - 432 :
Flexibility = ( - .546x - - /o -527% .663%%
/ ’ .
Strength - - - A485% - ghox g41xn
. - -
&
’ Power : ‘ - - - -
Ave. H.R. (3max.) : ’ \ — T .532% - 523
7 _ Ave. L.A. (mg%) ‘ : . -.517% - . g
. ° ) "“"\\a
‘ A Agility i » - ) ' -.523% —_
N " ) I ~J
o . Experience P v
- ] .
#(ok =.01) ** (& =,001) ’ ; . _
. e L » . )
J The—
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1

fiye of the other independent variables. Total skinfold measurements

‘were closely related to 902 max., flexibility, strength, agility and

experiénce. The agility and experience variables weré significantly
correlated with all these variables. In addition, the averaée heart
rate intensity guring the performance of routines was sign}ficantly

relﬁfed £o experience and average post-exercise lactate was correla-

ted with agility. ‘

L Multiple correlation coefficients (R}, coefficients of d;termina—
tion (52), change in RZ, simple R's, beta values, F-vaules and reéres—
sion equations f;f the prediction of gymnastic ability are presented
in Tables 15 through 19. The multiple correlation coefficient (R) is
an index of,the relative strength of the relationship between the inde-
pendent Q;riable(s) and the dependent variable while the coefficient qf
determinafion(RZ) is a measure of prediction é;curacy and the strength
of linear association. The value of RZ indicétes'tﬁe proportion of K
variation in the -dependent variable that is explained by the indepen-

/ -
dent variable(s). The change in RZ column indicates the relative con-

" tribution or significance of the addition of an independent variable

into the regression equation. The beta values are standardized regres-
sion coefficients that.indicatenthe relative importance of each of the

!
i

indepeh&ent variables as predictors of the dependent variable. An

independent variable was added to the regression e&uatidn if it signif-,

N

icantly (® =.05) improved the prediction accuracy.

A

3
o~

Since the indebendent variable "experience“‘is neither a physital,’
- 1 v . I3 "7\;
physiological or anthropometric variable, two regression equations have

been computed for each dependent yariable. The first equatfon In each

k3
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. N ,
. - Table 15. Prediction of all-around gymnastic ability.
/

V2

Without the experience variable in the regression analysis.

Variable ' R R2 C’hange in RZ  Simple R Beta
NS 1. X, Flexibility .762 . .58l .581 . 762 .600
| / Xy Agility .817 : .667 .087 -.652 --.135
X3 Endurance .856 .733 066 .364 .302
X, Power * ‘ .884 .781 . 047 .166 .224
Xg Po§t-Exercise Lactate 903 ‘.816 . ,03;5 .560 .2\22

, ) ‘ i }

"YU = -18.69 + .550 (x}) “2.416 (x2) +.370 (x3) +.128 (xy) +.173 (xs5)

. * (F5,23 & = .05 = 2.64) : ‘ 20.h2x%

Experience variable added into the regression analysis.

Variable R. RZ Change in RZ Simple R Beta
' X Experience = .895 .802.  .802 . .895 .618 V
/ X, He}ght 928 - .861 .059 -.334 - .43]
. ; x; Power .947 .898 .037 - 166 .391
] X, Skinfold .969 .940 L0417, -;§37 -.277
, ( ‘ F
Yoo=70.93 + .271 (x)) - 496 (xg) + .223 (x3) - 178 (xy) 92, 3hx

\

4 * (Fh,24df & = .05 = 2.78)

S~ 4




Table 16. Prediction of vaulting ability.

o

Without the experience variable in the regression analysis.

78

* (F3,25dfd = .05 = 2.99)

\\
. 2 - L2 . ‘
Variable R R Change in R §|Tple R Beta X
X, Flexibility @ .762 .581 .581 .762 446
e X, Power .823 677 . .096 227 ..600
Xy Skinfold .875 766 .089 -.621 -.119
[ X, Height . .903  .815 - .ou8 _ =245 -.318
, F
V' = 5.89 + .952 (x,) + .79 (xz) - .626 (x5) - .852 (xu) 26.35%
~N
* (F4,24df % = .05 = 2.78)
‘Experience variable added into the regression analysis. .
’ Variable R R2 Change in RY  Simple R Beta
X, Experience . .894 799 - .799 894 .630
X, Flexibility .922 .850 .05] 762 .237
Xy Agility - .937 878 .028 -.660 *.z?s
F
Y' = 8.80 + .643 (x)) + .50k (x2) - .858 (x3) 60.28% 57

At
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Ta%le 17. Prediction of ability on the uneven parallel bars.

1
WEtWout the experience variable in

/
the regressgon_ena]ysus.

|
L

¢y &

"Variable R RZ  Change in RZ  Simple R . Beta
X, F‘E'lexibilityh 731 534 534 L7310k
5 »fzndurance 794 '.630 .096 © 384 339
X5 lactic Acid 846 .715 085 502 285
X,, Power; © 877 769 - 05k Wgl 302
Xg Skinfold .906 .82 ‘ los‘zs 638 -3
“ LE

Y! (= -8.87 + 1.05 (x)) + .115 (xz)-+ .476 .(xz,) - .556 (x5) 21.16%
* (’F5,23djf &= 05 = 2.64) ' ‘ \ ) .

| ‘ .
Ex?erience va;iable added intd the regression andlysis. . -

| e

© Variable ' R RZ Change in RZ  Simple R  Betd
»X{ Experience .885 .782 .782 ; 7?35 609
X;_\Height .920 816 .064 ~.343 -.432
ij Power  ~ .938 .880 l.ozh L L1510 .379
’9;1; skinfold .960 .922 02 -.638  -.279

. : J -
Yio=19.00 4739 (1) - 138 (x2) + 598 (x3) - 495 (xy) . 70.57*
* (F4,24df &k =,05 = 2.78)
o _ 7
¢ U - f
. f - | .
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Table 18. Prediction of ability on the balance beam.

3]

Without the experience, variable in the regression analysis.

[

Ya(iable R . R Chahge ip R2 Simp]é R Beta
X, Flexibility- .762 ' .580 580 762 471
X, HR Percent 852 726 46 . 66 .361
. Intensity . .
X, Endurance 901 812 .086 388 .27; ‘
X, Agility .921 ) .849 - .036 - .647 -.229
) | . | F
Yi = 1.08 + 1027 (x7) + .637 (xp) + .798 (x3) - <970 (x4) A 33.61%

a

# (Fh,24df & .= .05.="2.78)

Experience variable added into the regression analysis.

)

Variable R R . Change in 2 Simple R Beta
X] Experience . ‘ 874 - 764 L7647 .874) .694 o
X, Helght .925 .856 :092 . -.393 -.428
Xy Power .9kk .89 036" . 17 212
X, Agility — * ' .955 YT .020 -.647\ S -an
o '“ “' \
F

285 (x3) - .732 (x,) - 6152+

/ C

o . ‘

Y= 24.85 + 718 (x) - .116 (xp) +
* (Fh,24df & = .05 = 2.78)
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Table 19.- Prediction of ability in floor exercise.

:’,@’J’
.- o ' # .
Without the experience variable in the regression analysis. o
N - o O Y
. 3 ,
Wt ., , Q 2 .
: - Variable R _RZ Change in R® Simple R " Beta . .
X, Flexibility 750 .563 " .563 . .750 450
. Xy Post-ex. L.A. 817 668 .105 © 523 - .23
X5 Maximum L.A. .856°  .733 065 T -.393 =231 v
X, V0, max .897 - .805 0717 .388 (369
! - r
X5 Power 9lh . .836 ©.03] ", 160 "L hho
bl .q ) 1
b1t Xg Height .9h3 .888 - 7,052 © -.334  -.376 °
N - N ¥ o ' i) F
, Y' = -0196 + .112 (x)) + .372 (x2) - .370 (x3) + .200 (x4) + 29.20%*
/ n . . RN )
| " .677 (xg) - 117 (xg) ’ ' ( '
; * (F6,22df ¢ = .05 = 2.55) .
With the experience variable a;dded into the regression analy;sis.d
Variable - R uRz ‘Chénge in Ra Simple R Beta
- X, Experience .873 .763 ,763 .873 ©.556
X, Helght .907 .822 .060 -.334  -.he2 !
" . . . [ 2’“ " s . - ' v . O ® ‘3
Xy Agility - .927 - .80 .08,  -.648 ‘- .08 ]
X, Power 939 - .882. . .022 C.160 470 |
| Xg Skinfold ~ - 959> 920  © " 037 . -.653 - =-.39]. .
! ’ fo- t . » . ’d & ‘a . .i . o . I . _aF ) ’
) P " - o ' . . ' - x ’ rog ~ ; ¢
o . "Y' = 15,854 .660 (x3) - .14k (x2) + .kOQ*(x3) & 725 (x). - . . 52,68%
‘ - ~ . . -7 . ) - - 4 -
.~ —’ . +6901 (x5) N R St e R i
. ! \ L , ot . . - R
"% (F5,23df % = .05 = 2,64) ~ ‘ o e
- v . , ' ‘ b - I . ".;v‘ Pt . -
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table is tﬁe result of regression analysis computed without the in-
clusion,of the experience yariable. While the coeffiéients of~deter-
mination are higé (range .815 to (888) and significant (&=.05] for all
the equations, it is apparent that a greater‘ﬁortion of explained varia—
tion is obtained with the inclusion of the egﬁerience variable, The

coefficients of determination ranged from .879 to .940. Examination

of the residuails indicated that all the regression equations computed

L
.

were‘relatively free from abnormalities. Residuals were plotted and
are graphically presented in Appendix A, Figures A through E for re-
gression equations compﬁted without the-experience variable and in
Figures F through J for regression equations computed with the éxper- ’

lence variable. The implications of the regression equations as predic-

tors of gymnastic ability will be discussed in the next chapter.
o \

4 /

\




CHAPTER_V ~(//

s '
M

' . DISCUSSION

5.1 ANTHROPOMETRLC CHARACTERISTICS
-
‘ ! ’
Gymnasts, on the average, tend to be smaller in size and leaner

v \

 than the nofmal'prulation and also smaller and leaner than other athle-

tic groups (Bos?o, 1964; Drazil, 1971; Novak et. al., 1968; Pool et al.,

1969;‘Sinhing and Lindberg, 1972). Several investigators came to this

conclusion based upon studies conducted with late adolescent and coﬂlegeO

age gymnasts. Whether these characteristics persist in children and
. : b

early gdolescpntkgroups has not been determiéed.
“In the present $tudy, the gymnasts had ai average height of-146 cm

’ ' ¢ . . \
and a weight of 37 k?lograms. There were no significant differences be-

tween’ the high and low ability gymnasts on these two measures. Contrast-

5

ing these meaauremenfs, previous investigators (Adams et al.; 1961;

Seliger et'al., 1971 and Brown et al., 1972) have reported substantially
higher values pf height and weight for athletic and non-athletic girls
in the same ade group. AEEEE\\et al. (1961) after evaluating 52 girls,
repo;ted average Heighf‘valbes of 148 cm, 158 cm and 163 cm for ages 11,
12 and 13 years reSp;ctiyely. The average weight was also higher, rang-
ing from¢4h'kg'f$r the 11 year olds to 55 kg for the 13 year olds. In a
similar stddy evaluating the ]2 year old poéulation in Czechoslovakia

(n=294), Seliger et al. (1971) rep&rted an average height of 1507£6.4 cm

and an average weight of 40 6.1 kilograms. - Also, when comparing the

/




gymnasts in the| present study to other athletic groups of the same age,
it has been reported that girls participating in cross-country running
were larger with an average height of 152 cm and a weight of 45 kg v
(Bro@n et al., 1972).

The most extensive study of skin%old measurements for all age groups
was the Tecumseh Community Health Study (Montoye,.l970). [n this parti-
cular study 343 girls, l;vxo 13 years of age were pva)uated. The average
total of four skinfold measurements in the Tecumseh girls ranged from 58
mm for 11 year olds to 66 mm for 13 year olds. After measuring the same
skinfolds in this study, the gymna;ts had an average total skinfold
measurement of 32 mm with a range from 18 mm to 84 milimeters. When com-
pared to the average population the subjects were much leaner, as their
total scere placed them between the 5th and 20th percentile on the lean
end of the scale (i.e. the 5th percentile representing the leanest sub-
jects). In addition, the h{gh abzlity gymnasts were significantly leaner
than the low ability gymnasts. The mean value of 23 £1.0 mm for the high
ability group was not represented on the percgntile tabie, indicating
that they were extremely lean, while the low ability group had a score
of 39 #3.8 mm which placed them in the 20th to 35th percentile of gﬁe
Tecumseh population. It is concluded, therefore, that the female gymnasts
in this study were smaller in size and leaner than the average female

population of the same age group, and that the high ability participants

were leaner than their less skilled counterparts.

5.2 PHYSICAL CHARACTERISTICS ‘" - .




» The results of the power test used in the present study were higher

’

than the values reported by Godfrey (1974). The mean power score for the
subjects in this study was 62 kg-m./sec. with a r;nge\from 50 to 89 kg-m./"
sec. whereas the‘average power scores reported by Godfre& (1970) ranged
from about 34 kg-m./sec. for 11 year old girls to 58 kgﬂm./sec. for 13
vear old girls. Godfrey's invesfigation of maximum ;naerobic po@er in
children utilized the original Margaria power test. The only difference
between the two tests is that in the Margaria power test, subjects run
up.a flig?t of steps taking two steps at a time, while in the Margaria-—a
Kalmen test, subjects ascend the stairs at maxifium speed taking three
steps at a time. [t has been reported that a greater power output is
achieved with th; three step test (M;thews and Fox, 1976). This co;ld
account, in part, for the higher scores obtained by the gymnaSti.i It
has also been suggested that training for, and performing. gymnastic type
movements requires the recr;itment of the fast twitch, high glycolytic
fibers and perhaps their subsequent development (Sale, 1976) . The fast
twitch fibers are preferentially recruited for performing short, high
intensity wo;k bouts (Mathews and Fox, 1976). It is quite possible,
therefore, that the gymnasts in thi§ study oétained higher power scores
due to the effects of gymnastic activity on the improvement of fast\
twitch muscle fiber capacity. l ’

The results of "the agility run indicated that gymnastics ma; have a
positiye effect on leg strength and subseqbent]y speed. The mean score .
for 11 to 13 year old girls in this study was 10.0 seconds with a range

" from 9.3 to 11.9 seconds. According tqg the AAHPER norms, these results

glaced the gymnasts in the 90th percentile or greater, depending on their

.
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ol .
age. In this test the high ability group obtained significantly (®t=.001)

faster running times than the low ability group. A mean score of 9.7

seconds, with a range from 9.3 to 10.0 seconds, for the high ability:

group placed the group in a percentile ranking greater than 95 percent.
) ]

The low ability group, on the other hand, obtained a mean agility score

of 10.3 seconds with a range from 9.5 to 11.9 seconds. These values

p

—

placed the low ability group in a'range from the 302h?f6‘90£h percentile.
%asurements for strength obtained from the subjects in this study‘
substantiate the conclusjon of a previous article which stated }hat
strength is one of the outstanding characteristics of highly trained gym-
nasts (Bosco, 1970). The mean strength score for all subjects in this
study was‘I.Z t0.1 kg/kg body weight. Thechigh ability gymnasts%obtajned
a significantly (& =.05) higher strength score than the low ability gym-
nasts. The mean strength score was 1.4 #0.1 kg/kg body weight for the
high ability group while the low ability group had a mean score of 1,1 ¢
0.1 kg/kg body weight. Strenéth scores for two Qut of the ghree movement;
measured, shoulder extension and trunk extension, were significantly
different at the .05 level between the two ability groups, while lues
for hip extensioﬁ were notééignificantly different. The shoulders and
back are two areas in which strength is vitally important for the per-
formance of gymnastic routines. It was not surprising, therefoée, that
values obtéined for shoulder and trunk extension were significantly'hight
N \
er for the high ability group. While strength in the hip area is also
considered very important by many coaches, most gymnastic type movements

involve forceful hip flexion rather than hip extension (i.e. in perform-

ing a kip). This could possibly explain the similar values obtained by

[
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. both groups for the measurement of hip extengion‘. Most strength training

- 1

for the hip area is probably focused on improvement of hip flexion.

=)

In_ancther inwestigation, Cumming (1970) reporfed a much higher
strength score of 3.4 kg/kg body wéight for female gymnasts, however, his
subjectg were of college age and the score was calculated from a composite
of‘%ive different tests than those used in this study. Becausg of the
differences in these two studies and the lack of other investigations

measuring strength in female gymnasts it is difficult to assess the \§\\

strength score of the subjects in this study.

-

Anaerobic endurance as measured in this study has not been investi- ‘

gated in other studies, to this authors knowledge. Because of the highly

2

anaerobic nature of gymnastics, however, it would be expected that anaero-
bic endurance is an important physical trait to possess and that highly
trained subjects would have a greater capacity. It might also be expec-

ted that the capacity of anaerobic endurance would be of greater impor-
% b
tance in the uneven parallel bars, balapce beam and floor exercise rou-

o

tines which are longer and more intensive events than vaulting.

r '

The mean anaerobic endurance times for high and low ability gymnasts

(194 £14.8 secondﬁ for low ability and 253 %25.1 seconds for high abiliéy),

were not statisticai]y different. Despite this lack of significance,

anaerobic endurance had a low but significant {& =.05) correlatiod with #
the all-around gymnastic score, .as well as for the uneven parallel bars, B
balance beam and floor exercise scores. .lnsignificant differences be-

tween the two groups for this variable can be explained by. the fact that
the high ability group obtained a wide vaniation in scores and as a resylt

’ ' a large standard error ( 25.1). Analysis of individual data revealed

- - t
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M &
,that two subjects in the high ability group scored significantly lower

khan the rest of the girls‘in that/group.' When the‘scores:for anaerobic
endurance are considered on an individual basis, howeve;, as in correla-
tion analysis, it becomes apparent that in a significant number of cases,
scores obtained for anaerobic endurance are significantly and positively

relat?d to gymnastic 'scores . Further impligations of anaérobic endurance

v o

will be discussed later in the section regarding the prediction equations

for gymnastic ability.

Tﬁe/£esting protocol used to measure flexibil}ty was unique to this .
investigation and as a result there were no other studies with which a
coﬁpar}son of flexibiliﬁy results could be made. As stated Previously,
the individual test items and methddo]ogiLs utilized during.the p}esent .
study were specifically selected because of their importance in gymnastic’

performance. From the authors$' previous experience it can be stated that

the subjects in this study possessed above average flexibility in many, if’
&

nhot aJI‘h‘of the areas measured.

Results of the flexibility measurements obtained on the gymnasts in

this study support the statement by Clarke (1975) which claimed that both

the number of yearé of participation and the ability level of athletes

-

have an effect on flexibility. While both ability groups demonstrated a \
high level of flexibility, the high ability gymnasts ?bgained a mean .
‘total score of 825 £11.9 degrees of motion, while the low ability gymnasts

had a score of 683 222.5 degrees. This difference in scores was signifi-
»

cant at the .001 level. [t is apparent that this difference in flexibil-

ity is due to the training techniques. used and the significantly greater

amount of time utilized for the development of maximum range of movement
L‘ ; ‘ °

\ : \
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. . in the better competitors. Optimal improvements or maintainanee of
flexibility requires a minimum of 30 minutes of sustained stretching exer-
cises each 'day (Bates, 1976). Flekibility training is part of the daily
routine for gubjects in the high a?ility group. A high degree of range

of , motion is obtainegszar specific joint areas (i.e. the hips) by %orcing :
the body into extreme posiéions and maingaining this strenched 5osition

L ¥ -
for a specified amount of time. Low ability gymnasts consistantly repor-

o

tedrfé@ef practice Jaysﬂaﬁd practice hours per week. This ‘fact alone

L
-«

p;obabl§ accounts for fheir l%wer flexib§lity scores.

AfteE an iqvestiéa??on of the TndiviQual measurements, it was éﬁpar-
ent that all the measurements were significantly different between the
ability groups except for shoulder hyperextension, shoulder hyperflexion,
and trunk'extension. It was reported by Mathéws and Fox (1976) that
K . shoulder flexibility in athletes is generélly below a}erage as compared

to the normad population. They concluded that this lower range of move-
ment is most probably due to an increase in muscUlar strength in this
- area. The shoulder is a weak joint structurally and the primary stabf]i—
zing factor is the surrounding musculature. Increases in strength are
not necessarily associated with a concomitant loss in range of motion if
flexibility training is practiceé in conjunction with the strength exer-
¥ ' cises (C[arke: 1975). In this study tHe high ability gymnasts did not
obtain flexibility méasures that were lower than those obtained by the
- low ability gygpnasts but instead there was no signiffcant difference -
: ‘\Bh{:een the two groups. Therefore, although the high ability gymnasts
have been found to possess a greater amount of shoulder strength than

- .

. low ability gymnasts the range of motion was retained due to flexibility

'
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training. A possible explaination for the lack of significant difference
for the measurement of trunk extension between the ability groups could
be that even low ability participants in gymnastics develop a high degree

— ¢+

of trunk flexibility due to their participation in the sport.

5.3 PHYSIOLOGICAL CHARACTERISTICS

-

’

A comparison of the maximum physiological measuremeatg obtained
by Variofs investigators for heart rate, oxygen consumption and blood
lactate concentration are presented in Table 20. Studies for both boys
ana girls ages 11 to 13 years aré included in the théle because it has
been shown that there a;e no sex differences for maximum heart rate and
lactate concentration at this age (Astrand, 1951). In édéition, there
are no significant differences in maximum oxygen consumption values and
ogher ﬁéysiological responses to mai{mum exercise in children before the
beginning of Euberty (Astrand, 1551; Wilmore and Sigerseth, 1967; and
Godfrey, 1974). ’

The mean maximum heart rate obtained in }he present study (197 8.0
beats/min.) was comparable with most of the values reported by the other
investigators, but was slightly lower, though probably not significantly
different, than the max}mum rates obtained by Astrand, 1952 (205 beats/
min.), Hermanse and Oseid, 1971 (203 beats/min.) and Saltin énd Thoren,
1968 (200beats/min.). This discrepancy in maximum heart rate values was
probably due to differences in measurement techniques. Comparisons of

maximum heart rate as determined by a 10-second ECG recording and the

technique of Astrand (palpation of the first 10 to 15 beats of the

e
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Table .20. Maximum heatrt rate, oxygen consumptlog a;a blood lactate concentratfon in children ’
ages ll to 13 years ) ‘ . A
- . Investigators n (sex) Age (years) Heart Rate max Lactate max
. . € (beats/min) (m%/kg-min) (mg%)
‘ ) - | |
Astrand, 1952 ‘ 19 (boys) 12-13 205 57 78
° 13 (girls) 12-13 ' . 207 50 -
. Wilm:)re and Sigerseth® 1967 i 22 (girls]) 12-13 194 \ 49 -
Saltin and Thoren, 1968 (unpubl.) 6 (boys) 12 200 - 55, - 66
‘ . Shepard,/et al., ‘1969 ) 10 (boys) 1 193 48 J 73
' ) L .~ 15 (boys)  12-13 ;93 ke 69
| 6 (girls) ‘10—1/2-/ 199 -39 109 ™\
‘ . o 13 (girls) 10-12 196 39 - 72
' . Seliger et al., 1971 ’ 294 (girls 12 198 . 38 -
; . .
' Hermanse and Osei;i, 1971 . 10 (boys) IJ\\S\ \ 203 55 -
‘ - \10»(boys) 12.5 203 - 58 oo
\ Weber, 1974 * 12 (boys) 13 196 bk 75
) | Eriksson, 1972~ 16 (boys) 1 200 b9 ° 77

/P{sent Study, 1978 ' 29 (girls) 11-13 T 197 50 © 77

16
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carotid artery following exercise] showed errors in Astrands' techifique
as great as 22 beags/min. with a mean of 10 beats/min. (Golberg et al.,
1966) . ’

In the present study 14 out of the 29 subjects, or 48'percent,
obtained maximum heart rates of 200 beats/min. or greater. The highest
heart rate recorded was 213 beatsf%[nuté. After determining the maximum
heart rate of 136 children betwgen the ages of 1 and 16 years, Goldbgrg
et al., (1966) reported that only eight subjeéts*obtained heart rates
above 205 beats/minute. ?

Heart rate in this¥study were recorded during the graded bicycle
ergom:ter.test and during!the performance of gymnastic routines to deter-
mine the maximum rate. Twelve subjects out of 29 reached higher maximum
heart rates during the pérformance of their routines than during the
graded bicycle test, and nine of these subjects were high ability gym-
nasts. Incaddition, the maximum heart rates were obtained on different
routines. Of the 12 subjects who obtained maximum hqart rates during a
gymnastic routine, seven were perfoeming on the uneven parallel bars,

three on the balance beam and two in floor exercise.

The maximum values for oxygen consumption were in agreement with

-

those\reported by Astrand, 1952; Wilmore and Sigerseth, 1967, Shepard et

al., 1969, Weber, 1974, and Eriksson,‘]972, lower than three invéstiga-
tors Feporting values for boys (Astrand, 4952, Saltin and Thoren, 1968,
and Hermanse and Oseid, 1971) and h?gher than two investigatprs rgporting
values for girls (Shepard et al., 1969‘and Seliger et al., 1971). The

investigation by Seliger et al. (1971) was quite extensive as 294 girls,

age 12 years were evaluated. This study established a good population

N
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norm for this age group. Comparing the past results to thﬁse of the pre-
sent study, it can be goﬁcluged that gymﬂé??;‘zetw%?n the ages of 11 and
13 years have similar maximum oxygen uptake values to those of the normal
population. In addition, the gymnaéts in this study had higher aerobic
capacities than the female gymnasts investigated by Sprynarva and Parizi
kova, 1969 (42.5 ml/kg'min.) and Cumming, 1970 (43.1 ml/kg-min.) (see
Table 1.).

The mean values for maximum aerobic capacity obtained b? the two
ability groups are not significantly different. The high ability gym-
nasts had a 002 m;x of 51 mi/kg-min. as compared to the low ability
gymnasts valué)of 48 mi/kg min.  The subject with the highest aerobic
capacity of 62 ml/kg*min. was one of the top gymnasts in the study. This
same obserQation was reported by Novak et al., (1968) after an investiga-
tion of male gymnasts. In Novak et associates study, the.top gymnast had
an aerobic capacity of 60 ml/kg'minute. '

‘ The present study obtained a mean maximum blood lactate concentra-
tion of }Z}zlk.3 mé%. This value was similar to the other values listed
in Table 20. Astrand, (195]) reported that in children of the same age,
there were no sex "differences between the values obtained for maximum
blood lactate concentrations. In addition while you would expect max-
imum lactate levels to be greater tpan—IOO mg% for adults, the normal
maximal range for children ages 11 to 13 years is between 7& and 88 mg%
(Godfrey, 1974). The probable cause for a lower lactste production in
children could be due to the rate limiting enzyme, PFK, which displays
an activity which is 40 percent of the activity for adults. The law and

high ability gymnasts obtained similar maximum lactate values when



2 7
tested on the bicycle ergometer.

" The mean heart rates observed during the performance 'of gymnastic
routines for subjects in this study were considerably higher than the
mean values reported by Seliger et al., (1970) in that investigation, .
the mean higrt rates were 133, 134 and 130 beats/m(b during vaultang,
uneven parallel bar and ba}aﬂ;e beam routines respectively The d(ffl-

AN

‘ culty level of the routines was‘ngt reported. In the present study, the
4

mean heart rate response for all subjects in these same events was 152,
175 and 169 beats/mcnute In another s%udy,(éarla and Phillips, 1970),
the mean heart rate observed for chilp}en 7 to 13 years e]d whi;e vault~
ing was 153 beats/miny, a valfie which was in close agreeﬁent with the\
resﬁonse of 152‘beats/min. observed in this study. However, the average
heart’ rate duringrfloor exercise activity was 158 bea:s/min. as compa?ed
to 169 beats/min. observed in the present invbstiéétion. :

[t was apparent that the gymnasts in thi{\?tudy obtained significant-
ly higher heart rategaveragee,'while perf?rming their routines, than J
gymnasts inve§figated in oth;r studies. ’The differencesﬂiq physiological
responses observed betw§en the*iwg ability groups was equaily apparent and
significant.b Average hear: rate ingensit}es (high abitity 78 percent,
Tow aBiI}ty 70 perceet), Qeak heart rates (Aigh ability 89 percent, low?
ability 81 percent) and post exercise lactates (high ability 33mg%, low
ability 19mg%) we}e all feund tobe significantly (*=.01) higher in the
more experienced, higﬁ abtlét* gymnasts. The difference may-’be egplained
by the higher difficulty element present in the routlnes of the hlghly
trained group. Hence, a high degree of dufficé;ty produces a higher gym=~

nastic score and placed a greater physiological’ demand on the subject.

e " >
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(g? though the low ability subjects were putting a maximal effort into
~ ’ ‘ !

Y

the performance of their routines, the level of cardiovascular adjustment

N

did not compé?aigo the more vigorous and difficult performances of the

- high ability group. 'This relationship between the difficulty level of the

.

rout ine and cardiac response was also observed by Montpétit (1972)-after

moni%bring mdle gymnasts while performing novice, junior and senior rou-

tines. ,

~ ¢

° 3

From the lactate results it seems apparent that traininé the anaro-
bic lactate sy<tem wou]d'be of greater importance for gkrls with a hﬁ?h
level of ability whereas this type of traiﬁing would not be as necessary
" for the average high school participani. "For the high ability group, the .
posf exercise lactate cohcentration following a singlé floor exercise © -
}outbne on the average was 37 mg%, while the-lactate concentration ther

uneven parallel bar routines was 39 mg%. Repeating exercises of this in-

tensity a total of eight to ten times each, (which is quite normal during

3

a trai%ing\session) wogld theoretically produce Very high blood lactate

levels if sufficient rest periods are not allowed between each repetition

) -

'

. C:?' (Astrand and Rodahl, 1977). The ability to tolerate high levels of ¢

lactate wouldd enable a gymnast to practice longer and more.productiv&ly

. . without feeling greatly fatiqued. ) N
, . N . R - . ! \\ .
- i s . , \k' .

5.4 THE USE OF REGRESS$ION EQUATIONS 70 PREDICT GYMNASTIC ABILITY

>
il

o ¢

H
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' In order to obtain prediction equations, the measurements of selec-

ted bhxs}cal, physiological and anthropometric variables were analysed

a
»

. to evaluate theit relative contribution in the prediction of gymnastic

' !




regression equation and therefore was the single best predictor for gym-

¢

scores. Two regression analysis, one with ar;d one without the inclusion
of the experience variable, were computed for all-around gymnastic-abil-
ity and for each event. According to the rating of Weber\and Lamb (19\70)
the coefficients of determination (RZ) for all the reéression equations

computed ws‘th or without the experience variable showed '"high'' to 'very™
stror;g""rellationships in the strength of their prediction accura;cy. The
range for~ R2 in the equations computed without the Sxperie;xce variable
was from .815 for vaulting ability to .888 for the prediction of floor

\

exercise ability. With the addition of the experience variable, predic-
tion accuracy”increased as the amount of explained variance ranged from
88 percent for vaulting ability to 94 percent for all-around ability.

When experience was excluded from the analysis, the flexibility

variable was consistantly selected as the first variable to enter the

nastic success. The flexibility vari“ab]e alone explained from 53 to 58
percent of ‘t‘l"te variance in the dependent variables. However, when the
experience variable .was included into the regression analysis it was se-
lacted as the best single predictor, explaining from 76 to 80 percént of~
the variance in the dependent variables. The other variables selected as
significant predictors of ability WQ\quit; different, depending on
whet;n;:r or not the experience varsiabl;wa\s ~included in the analysis.,

Tiﬂs was explained by the fact that many of the variables, such as total
skinfold, flexibility, strength and agility are highly correlated with
experkence and wer;e therefore partialled out of the regression analysis

when experience was included.’ Hence, the experience variable actually

represented a compilation of many of the individual variables.
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‘ Upon analysing, the individual regression équations computed with the

-
- .

exclusion of the experience variable, 'it was’apparen:t that a few regres-
sfon variables were répez;tedly selected as strong predictors for all-
aroynd ability and ability in each of the events. F.ollowing the inclu-
sion of the flexibility var/'able into each of the equations the next var-
v iables most often selected were power, anaerobic endurance and post-éxer-
cise lactate concentrations. Each ofl these variables was selected in
thrfae out of the five regression equations.w The variables of agility,
total skinfold, and height were also important predictors for gymnastic

ability as they were each significant in two of the prediction equations. -

Three other variables were selected on only one occasion. These variables
o
—

were average hearlt rate intensity for the balance beam, and the maximum
lactate and maximum aerobic capacity, both for floor exercise.

The relative importance of most of these variables for gymnastic
succe'ss is quite apparent, however, a few variables deserve some,discus~- ’
sion. The variables of post-exercise lactate and avefége heart rate in-
tensity were cliosely reléted' to the difficulty level of the routines and
their: selection as significant predictors indicated the importance of in-
’cluding high difficulty movements to obtain a high score. The values for
) anaerobic endurance and power were both measured utilizing leg exercise.

It would be incorrect to assume th:eit these measurements were representa-
> tive of other parts of the body (i.e. the arms). It is therefore diffi- :

cult to explain the 'importance of both of these variables in the uneven -
+ parallel bars event. Because of these findings it would be interesting

)

to measure the muscular endurance and power capacity of the arms to

. further investigate the/}mportance of these variables in the uneven

o



parallel bars event. Although the floor exercise event is quite brief

(approximately one minute to one minute 30 seconds), it is not surpris-

+

. { hat the variable of maximum aerobic capacity was chosen as an impor-
t

ant predictor of success in this event. As Astrand (1967) stated,

By
‘when large muscle groups are very active for'a minute of longer the in-

dividuals aerobichwork capacity is to a high'degree decisive for his
cabacity."

As wittlm the first set of equations that were computed, it was inter-
esting to note t'ha;; again only a few variables were repeatedly selected
as significant predictors when regression analysis was performed with the
addition of the experiencc;. variable. Following the experience variable

~

in importance the other significant predictors of gymnastic ability were

__power, height, agility, total skinfold and flexibility.

-~
s

-
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CHAPTER VI \

g

% n

SUMMARY, CONCLUS [ONS ANDNRECOMMENDATIONS

\

oo

6.1 SUMMARY -

The purpose of this investigation was to ascertain the relative

(importance of selected physical, physiological and anthropometric varia-

bles in predicting.all-around gymnastic ability and ability in each of
the individual events. To accomplish this task it was important to an-
alyse the differences bhetween two distinct ability groups on all of the
measurements obtained in order to determine which variables most clearly °

1 4

distinguished the high ability gymnast from the low ability gymnast. A

. review of related literature revealed that some studies had investigated

3 ) .
the ability of various physical and anthropometric variables to predict

gymnastic ability. There were, however, no studies indicating the signif-,

icance of physiological capacities on gymnastic ability. An awareness
of important physicai, physiological and anthropometric. characteristics
that éistinguish"the high ability gymnasts from the low abil bty gymnasgs
will provide a helpful training’g&ide and evlauation tool for the gym-
nastic coach. - ) ‘
A total of 29 female, all-around gymnasts between the ages of 11

and 13 years, were evaluated on 13 variables: (1) height, (2) weight,
(3) total skinfold, (4) anaerobic endurance, (5) flexibility, (6) power,

(7) strength, (8) agility, (9) maximum aerobic capacity, (10} maximum

lactate, (11) heart rate response during gymnastic routines, (12} post
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exercise \lactate and (13} experience. Maximum aerobic capacity was de-
termined with a graded, discontinuous, hicycle ergometer test. The
Margaria~Kalmen power test was utilized to measure alactic power. Values
for maximum lactate and anaerobic endurance were obtained from a short,
exhaustive bicycle ergometer test. Each subject pedalled at a rate be-
tween 60 and 70 rpm and a resistance correg%onding to six percent of her
body weight in kilograms. Maximum lactate was determined from a blood
sample drawn five minutes following the termination of the'test. Anaero-
bic endurance was desiggated as the total time in seconds that the sub-
ject was able to maintain the prescribed workldéd. Total body strength
was evaluated with a cable-tension test battery deVEIOped by Clarke and
Monroe. In all, three movements (shoulder extension, hip extension, and
trunk extension) were evaluated and totalled for a composite score in
kg/kg body @etght. Flexibility was determinéd using a Leighton Flex-
ometer and an eight item test battery. A composite score in total de-
grees was calculated from the’following measurements ; (l),actigg hip ab-
duction - both -legs, (2) active hip flexiop - both leg;, (3) shoulder
hyberflexfbn and hyperextension and (4) trunk flexion and extension.
The AAHPER 30 foot shuttle run was used to evaluate agility. Each sub-
jects height and weight were determined with a standard scale and skin-

\
folds were taken on four sites (triceps, subsci??ﬂar, abdominal and
suprailiac) and totalled for a composite score. Heart rate was monitor-
ed during the performance of each routine via radio telemetry. After
determining each subjects maximqp ahd resting heart rate, the Karvonen

~

formula was used to calculate average heart rate intensity for each

event. Post-exercise lactates were determined from blood sampies drawn
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3
T ' five minutes following each routine, except vaulting. An enzymatic pro-

cedure was used to analyse each blood sample. A criterion score for the

¢ -

experience variable was determined from a questionn?ire. The question-
%

° naire evaluated four factors; (1) years of formal /gymnastic training,
(2) number of meets in which the subject had competed, (3) average num-
ber of hours of practice per week and (4) number of months per year devo-
ted to gymnastic practice. All-around and individual event gymnastic
scores were standardized based on difficulty level and used as a measure
of the subjects ability level. High ability St;bjects had all-around
scores equal to or greater than 30 poir;/ts while low ability gymnasts had
all-around gcores below 20 points. | »

Analysis of variance and t-gest procedures were utilized to deter-

" mine \significant differences between the ability gcioups in all the var-
iables measured. High ability. gymnasts obtained significantly (;=.05)
lov;er scores for agility and total skinfold and higher scores for fiex-
ibility, strength, average heart rate intensity and p;st—eXercise lactatel
than the low ability gympasts. Further analysis qf'efch gymnastic event

°

revealed that there were significant (®# =.05) differences in the physio-

z

0 logical response. to the performances?in terms of heart rate intensity
but\no differences in lactate concentration werejerved. For high ~
ability gymnasts, average heart rate intensity during vaulting was
significantly lower than the other events. The low ability gymnasts
obtained similar heart rate responses for all the gymnastic events with

one exception, the unevenh parallel bar routine elicited a significantly

higher heart rate response than vaulting.

. Five of the independent variables, experience, flexibility, agility,



total skinfold and strength were found to be significantly (& =.05) and

consistently. correlated with all of the dépendent variables. The eiper-
lence variable showed the highest correlation with all of the gymnastic .
scorés (range r=.87 to r=.90).‘ [nter-correlations were computed between
the/ independent variables. Three variables, (total skinfold, agility
and experience) were significantly correlated with five other independent
variables. Prediction équationsl for altl-around ability and individyal |
events were computed with and‘wit_hout the experience variable entered

\

into the regression analysis. Coefficients of determination ranged from ' -,
' \

RZ=.815 to R%=.888 when the experience variable was excluded from the s
-/

analysis. The flexibility variable was found to be the single” best ; '
predictor of ability. With the experience variable included in the
ana)lysis, R? ranged from .879 for vaulting ability to .940 for all-around

ability. In this situation the experience variable was the most signif-

icant predictor in each equation.
6.2 CONCLUS LONS : ™

Based upon the results. obtained and within the confines of the
limitations of this study, the following conclusions seem justified:
(1) High ability gymna;:ts are significantly Ieaner;'stronger,
more agile and more flexible than low ability gymnasts.
(2) The performance of gymnastic routines elicits a moderate to
high heart r’ate response (61 to 80 percent intensity) and fyigh
ability gymnasts obtain significantly higher hearf rate in-

Jtensities than low ability gymnasts.

B
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(3) Significant increases in resting lactate are obseryed follow-
ing the performance of qzmnastic rouf[nes and high ability
gymnasts obtaln siganicantly higher levels than low ability
_gymnasts. i

() ‘The gyﬁnastic events elicit significantly different physiolog~
ical responses i{n terms of heart rate intensity, bu% similar
kesponsés in terms of post-exercise lactate. ’

(5) Multiple regression equations have been developed that may be

used to predict all-around gymnastic ability and ability in

\

.

each of the events.
The results of this study suggest implications for therselection
and training of potential gymnasts. A short test battery could easily

be constructed using the regression coefficients that were found to be

s [

significant predictors of gymnastic ability. Results from the adminis-

v

tration of the f‘st battery can be used by coaches to evaluate ability

and/or determine areas of weakness. Aside from measuring post-exercise
: -
lactate measurements, heart rate response and maximum aerobic capacity,
&

each of the variables can be evaluated with a short simple test proce-

o

dure. |

1

Girls selected for gymnastiecs training should be small in size and

* -

very lean. Other physical capacities that are particularly desirable to

possess and train are flexibility, power, anaerobic endurance and maximum

aerobic capacity. While there are undoubtedly many other factors which

-
N

contribute to gymnastic ability it is apparent that these variables

have been shown to be significant contributors to performance success.

i

3



6.3 RECOMMENDATIONS

Many of the test batteries and measurement procedufes were used for

the first time in this study and in most cases for the first time on gym-

e

pasts. Recommendations for changes in these tests and for future studies

are as follows:

()

(2)

(3)

()

Because of the great extent of arm exercise involved in gym-

nastics, development of tests to measure anaerobic endurance
and power in the arms or upper body would be significant con-

tributions to the evaluation of gymnastic ability.

s

Although differences between the two ability groups for maximum - -

“

lactate were insignificant, further investigation into the

anaerobic capacity of gymnasts is warrented. Gymnastics is

a highly anaerobiic activity and it would be expected that

more experienced gymnasts would have significantly greater

anaerobic capacities. 3
Max imum aerobi; capacity was found to be a significant predic- -
tor of ability in the floor exercise event. Becuase of the

small sample. size in this study, further investigation jnto the
importance -of aerobic capacitylin gymnasts is warrentéa. N

To establish the validity of the regression equations formula- .
ted in this stud&, another ;ample of aRProximately 30 gymnasts

should be measured on the significant predictor varia?les to

test the ability of the-regression equations to predict all- ’

around gymnastic scores and individual routine scores.

o
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APPEND (X A

SCATTER DIAGRAMS OF REGRESS [ON RESIDUALS /
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Standardized residual (ordinate} versus the pre.dlcted
j standardized all-around score (abscissal,: i hout
’ the inclusion of tho experience var a.bl
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Figure B. Standardized ‘residual (ordinate) versius the predicted
standardized vaulting score (abscissal, without the
izncluaion of the experience variable.
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Standardized residual (ordinate}] versus the predicted
standard {zed uneven parallel bar score (abscissa),

without the inclusion eof the experience var- /
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Figure D. Standardized residual (ordinate) versus the predicted
standardi{zed balance beam score (abscissa), witheut

] the inclusion of the experience variable,
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o " Figure E. Standardized residual (ordinate) versus the predicted
) standardized floor exercise score (abscissa}, witheut
- the inclusien o/f the experience variable,
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* Figure F. $Standardized residual (ordinate) versus the predicted
\ \ tandardized all-around score (abscissal, with the
. experience variable included.

-




125

Figure G. Standardized residual (ordinag:e)‘versus the predicted
standardized vaulting score (abscissals With the
experience variable included, -
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Figure H. Standardized residual (ordinate} versus the predicted
ndardized uneven parallel bar score (abscissa},

Sta
, : with the experience variable included.
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Figure (. Standardized residual (ordinate) versus the preﬁicted
standardized balance beam score (abscissal, witn .

the experience variable included.,
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Figure J. Standardized residual (ordinate] versus the predicted /
standardized floor exercise score (abscissa)ls With
_the experience variadble included.
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