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ABSTRACT

The purpose of this siudy was to investigate the rela-
tive importance of certain maturational determinants to com-
petitive swimming. Fifteen independent variables (maturational
determinants) were evaluated against six dependent variables
(swimming speed).

Thirty-six boys who qualified to participate in the
Alberta Provincial Age Group Swimming Championships, in the
age group of 11-12 years, from twelve competifive clubs in
Alberta were the participants in this study. Each subject
was tested three times on all of the performance items and
the average of the three scores were utilized for the analysis.
A1l tests were administered to the left side of the body.

Stepwise regression analysis and the generality percent-
ages exhibited close correspondence in the hierarchical selec-
tion of maturational determinants. The general contention
that strength is basic to athletic performance has been
illustrated in this study. Both analyses emphasized the
importance of strength in coﬁpetitive swimming. It is, how-
ever, important to recognize that the strength measurements
were closely related to movement patterns characterized by
specific swimming strokes. Body weight was also éhown to be
relatively important in competitive swimming. Although
flexibility measurements exhibited a less important role
among the maturational determinants specific joint movements

favoured specific swimming strokes.



Differences of varying magnitude were found to exist
among the different achievement groups in the measurement
of maturational determinants. The differences were signifi-
cant for shoulder extension strength (100 free), knee exten-
sion strength (100 breast), shoulder flexibility and composite
flexibility (100 fly).

Although the number of hours spent on training was not
significant among the three success groups the higher ranked
swimmers spent more hours on training.

The extreme homogeneous nature of the subjects in terms
of competitive swimming ability restricts the generalization

of the results to other populations.
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CHAPTER 1

INTRODUCTION

Studying the motor performance of children is no longer
a novel undertaking. The long succession of investigations
measuring the jeneral athletic performance capacity of
children and young adults suggests the operation of some
biological phenomena which predispose certain children to be
better,pérformers. It is possible then that individuals with
varying maturational status exhibit varying athletic abili-
ties.

The review of the literature strongly implied that the
rate of growth and maturation.of children has significant
effect on their motor behaviour and success in athletic par-
ticipation. Furthermore it was suggested that early maturing
boys are superior to delayed maturers in performance tests
which measure skill and strength levels (5, 7, 9). Studies
contrasting school boys with varying levels of athletic abi-
lity and background generally indicated that outstanding
athletes were more superior in physical chéracteristics,
acquired better social adjustment and had brdader interest
than their lower rated or non-participating peers (6, 9, 13,
18). The recognition of these maturational phenomena is one
of the many avenues by which attempts are made to explain the
variability of children in motor skill performance within the

same chronological age. Whether the athletes' more superior



maturity status is incidental or consequential remains to be
explored.

The most popular explanations of the ability d{ffer-
ences at specific age levels at the present time are based
on the fact that individuals progress toward maturity on the
continuum of growth at varying rates. For example, Wickens
(17) found the skeletal age range of forty boys at the ages
of nine, twelve and fifteen years to be fifty-one, fifty-two
ahd thirty-two skeletal months, respectively. Similarly Santa
Maria (15) found differences of 13 skeletal months at age
twelve and seventeen skeletal months at thirteen years of age.
This type of maturational dispersions seem to provide reason-
able explanation in part of why some children, within the same
chronological age group, are more capable in individual or
team sports, or even within the regular physical education
program. Evidence cited above may certainly test the validity
of chronological age classification practices still in use for
team selection or for sé]ection into specific competitive
divisions. The question then, which is often asked by
parents, coaches and teachers "what makes one child more
successful than the others in athletics?" may well be answered
by studies on the maturational patterns of children. For
example, Hale (10) and Krogman (11) associated the superior
baseball playing ability of their young subjects to their
advanced biological status. It was also pointed out that the
most demanding positions were occupied by boys exhibiting the

highest maturity ratings. Perhaps a more intimate considera-



tion should be given to the relationships which may exist
between the various aspects of growth and specific athletic
skills. It is difficult to generalize the maturational
requirements for successful participation from one athletic
skill to another. One such activity may or may not be com-
petitive swimming. Since swimming is a non-weight-bearing
sport; water is not a natural human habitat; therefore the
maturational variables required for successful participation
may be entirely different than in other.sports. It seems,
therefore reasonable to suggest that accelerated gains in
certain maturational attributes, different from those in
other sports, may aid in achieving success in competitive
swimming.

The tremendous increase in public interest toward
recreationél aquatic activities inevitably increased the
number of competitive swimhers. Along with this increased
interest has come an increase in the availability of facili-
ties. These developments allowed an increase in swimming com-
petitions on all levels, from local to international, in
Canada. The cumulative effect of the various advancements
lead to the recognition of the fact that there is a growing
need for more information by coaches and teachers with respect
to the variables that affect performance capacity in swimming.

This study attempted to find some association between
competitive swimming success and certain maturational deter-
minants. The knowledgé of the maturational variables which

are related to swimming success may provide coaches with



better insight into the development of more effective train-
ing methods. It is also possible that such information might
challenge the present method of high-pressure training for
young competitors. The information derived may lend itself
to promote in part the development of physical attributes
necessary for competitive'swimming by other means than water
training. For example, the development of flexibility and
strength related to a specific movement pattern may affect
more successful results during the prepubescent and pubescent
years than the long and tedious hours spent on training in
the water. )

This study will be justified if:

(a) it will initiate'further inquiry and investigation
into other areas of competitive athletics to seek the meaning
of maturation in terms of performance ability, and

(b) if it will contribute to the development of better

training-practices of young competitive swimmers.

The Problem

The purpose of this investigation was to evaluate the
relationship between swimming speed and selected maturational
determinants. More specifically:

(a) To investigate the relative importance or predic-
tive strength of certain maturational determinants in terms
of competitive swimming success for boys'in the age group of
11 to 12 years.

(b) To establish a hierarchical order of relationships



between the independent (maturdtional determinants) and depen-
dent (swimming speed) variables.

(¢) To determine the significance of the difference
between high, middle, and low success groups as determined
by swimming speed in terms of maturational determinants. The
following null hypotheses will be tested under point (c).

1. Maturational determinants will not have a signifi-'
cant effect on the level of performance in any one specific
stroke.

2. The number of hours spent on training will not have
a significant effect on the level of performance in any one

specific stroke.

Definition of Terms

1. 1Individual Medley consists of butterfly, backstroke,

breaststroke, and freestyle in which each stroke muéf be used

for one designated quarter of the total distance of the race.

2. Skeletal Age is the measure of the degree of skele-
tal ossification of the hand and wrist, expressed in months.
It also represents. the degree of physical maturity.

3. Strength, for the purposes of this paper, represents
.the ability to exert maximal force against a strain gauge
instrument.

4. Flexibility, for the purposes of this paper, repre-

sents the range of movements of a joint and of the associated
body segments.

5. Vital capacity represents the amount of air expired




following a maximal inspiration.

6. Maturational determinant is a qualitative and quan-

titative expression of the biogenetic process in its progress
toward attaining m;turity.

7. Success (ability) represents the relative position
attained by an individual with respect to others in terms of
the final competition swimming times. The formation of high,
middle, and low groups was based on this concept. The top
six formed the high group, the last six formed the low group,
all remaining between the high and low groups formed the
middle group.

8. Maturation is a constantly changing biogenetic pro-
cess expressed by the level of performance aptitude in its
progress toward maturity which represents the apex of perfor-

mance capacity.

Maturation: A Point of View

The totality of the living process revealed by the
child is usually expressed in terms of growth, development
and maturation.

one of the most perplexing probiems perpetuated over
many years in the study of human growth and development is the
question of maturation; or is it maturity? In an historical
sense the terms maturation and maturity have exhausted the
complete gamut of the available biological synonyms. Krogman
(12) commented that the terms maturation and maturity mean

"all things to all people: from biological "cell maturation”



to economic wyalue of a bond at maturity". Krogman himself
defined maturatfon as aging and the termination of aging as
‘maturity. Todd (16) defined progressive maturity (the process
of maturation) as growing up, growing older, and growing old.
It is implicit in this definition that there are three major
stages of maturity and each of these stages represent a kind
of dynamic state inherent in all living organisms. The dyna-
mic state implies that maturity (as a process) represents a
constantly changing tissue state. ! It is only a vaguely defined
end product, viz; it will occur some time along the chrono-
logical age-scale. Greulich (8) explained the concept of
maturity in terms of the developing reproductive system and
the bones of the wrist and hand. He also stated that in rea-
lity any organ system may be used for determining the develop-
mental status of the organism as a whole. According to the
above definition acquisition of reproductive ability or the
union of the epiphyses with their diaphyses indicate the
termination of maturation. One would assume that quantita-
tively it may be true but qualitatively it only represents
another stage in the process of maturation. In‘other words
the attainment of adult value in any one physical parameter
does not terminate the prdcess of maturation. Baldwin (3)
stated that maturation and maturity mean an increase in com-
petency énd adaptability. This definition implies a dynamic
biological process and only the termination of functional
capacity may cease this process. Acheson (1) declared matura-

tion as a process of metamorphosis of the biological and



chemical nature of the tissue. Acheson intended the applica-
tion of his definition to the skeleton, but by following
Greulich's (8) contentions the definition may be applied to
any organ system. Breckenridge (4) stated her definition in
similar fashion to Baldwin. She asserted that during their
growth children pass through successive stages of development.
These stages of development represent qualitative changes in
functional complexity, which is an expression of human gene-
tical heritage, within a progressively maturing biological
unit. 4

Obviously any one of the above stated definitions des-
cribe a process, a dynamic biological state, but within a
narrow operational application. Maturation is growth; matura-
tion is development; maturation is the sum total of a biogené-
tic process which is seen as'a constantly appearing series of
turning points in the life cycle of the organism. There is
no terminal point, only successive transformations of certain
specific points of the total biological unit in a more-or-less
predictab1e (orderly) fashion, which is expressed by struc-
tural, functional and behavioural dimensions. This contention
is consistent with Baldwin's definition of maturity. The
theme of maturation within this investigation with respect
to athletic ability and success attempted to follow the same
general reasoning. |

The process of maturafion or the metamorphosis of the
biological parameters involves rates, directions, and patterns

which are functionally inseparable and mutually susceptible to



extrinsic and intrinsic environmental influences. Since no
two individuals will progress in the same fashion, great indi-
vidual differences are inevitable in the sum total of the bio-
genetic process as revealed by children at any one age. Per-
haps the diversity of performances exhibited in the motor
skills of children may be explained more readily within the
context of their maturational status. The implication of the
above comment is that the more‘mature‘chilaren will attain a
higher level of performance adaptability than their less
mature peers. Less mature infers the persistence of some
earlier biologic patterns in the qualitative and quantitative
sense. The ability to attain higher level of adaptability

may be true more so with children who are exposed to continued
athletic participation especially within an age group in-
herently sensitive to structural changes.

Let us then raise the question again “what is matura-
tion?" in terms of performance ability. Is it (a) the attain-
ment of adult values or dimensions in one or several aspects
of the biogenetic process; or is it (b) the attainment of some
functional-quantity within which qualitative changes may pre-
vail as exhibited by a performance capacity regardless of the
effects of learning? The latter point is implying a kind of
biological continuity in terms of maturation. That is, once.
maturity is achieved within one system quantitatively a con-
tinuous process of qualitative changes will prevail as long
as performance ability continues to rise, level out, or even

decline. The latter is only relevant to the aspect of quali-
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tative changes. This narrow trifurcation of the maturational
concept remains operational at least within one aspect of the
biogenetic process (although several uhits may experience the
same rate of change) until 1ife goes on, or until performance
is feasible. Therefore, it is possible to improve function-
ally beyond the hypothetical adult status and perhaps well
above the levels of expectancy as defined by some maturational
criteria. The above considerations may perhaps point toward

a logical explanation of the phenomenally high-level perform-
ance of long distance runners, cross-country skiers, etc.,
after passing thirty years of age. This point may be well
illustrated by the amazing performance of a Japanese Olympic
runner. At the age of 31 years during the 1960 Olympic Games
"...Sandanaga ran the 25 kilometres in 2 hours 35 minutes 11
seconds. At the age of 41, running in the... 25 kilometre
event, his time_was actually faster - 2 hours 23 minutes 52
seconds." (14). Certainly one would have to be cautious in
stating that all those above-thirty athletes are slow maturers
and perhaps just attaining their adult maturity status. It

is more than probable that with persistent qualitative changes
(1ikely the result of long years of training) a greater per-
formance ability is maintained, which in turn perpetuates the
continuity of maturation, as measured by the level of perform-
ance. Gerentologist Antonini (2) supports this contention‘

by stating that functional deterioration may be prolonged by
constant organic stimulation.

Maturation then, in the context of performance ability
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as measured by an achieved level, is a constantly changing
biogenetic process. Maturity, the ultimate status of matura-
tion, is the apex of performance ability* which is probably

an unknown point on the chronological age-scale.

* (Ability alone may not be truly measurable since the
measurement of genetic potential is still the challenge of
tomorrow. )
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CHAPTER 11

REVIEW OF RELATED LITERATURE

The 1iterature considered pertinent to this investi-
gation has been reviewed to cover the following areas.
First, investigations covering chronological age, skeletal
maturation, height, and weight are discussed as they relate
to motor performance. The second area is apportioned to the
relevance of flexibility to athletic performance. In the
third area the relationship between strength and athletic
performance is presented. The fourth and final area deals

with studies related to vital capacity and athletic perform-

ance.

Chronological Age and Motor Performance

Chronological age, from the initial studies in physical
growth, has been used as the measure of extent of maturation.
While chronological age seems to be a relatively satisfactory
standard, it possesses certain shortcomings for comparative
purposes. Chronological age is a variable that is not
effected by changing characteristics within the individual
or by environment. The rate of growth and development is
highly individual and exhibits a wide range of normal varia-
tion within specific chronological limits. Following the

above reasoning chronological age, although applied as a basis
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for many developmental norms, appears to be an unsatisfactory
index of development. McCloy and Young (64) pointed out that
there is a limited causal relationship between chronological
ége and athletic performance in that with increasing age there
may be a greater muscular maturity and a stronger will to use
complete effort. |

Chronological age as a standard has often been used to
demonstrate individual differences in size, weight, and the
time of maximum growth velocities. Shuttleworth (86), for
example, grouped children for his longitudinal study according
to their chronological age. He found that the maximum growth
age of 711 boys on various anthropometric measures occurred
at 14.80 years.

The individuality of the growth and maturation processes
limits general developmental comparisons and assumptions based
on chronological age. For example, to assume that a child
who might tompgre well in height and weight to his age-peers
is progressing within normal developmental channeis may be
rather imprudent. Greulich (35) stated that such assumptions
may be valid only in general terms in a country where the popu-
lace is more homogeneous genetically; however, on the American
continent people are heterogeneous in both national and racial
origin. The limited relationship between chronological age
and the amount of progress children make towards achieving
maturity is expressed eloquently by Greulich (35:213). He
stated that the chronological age of children up to the early

part of the second decade of‘life is nothing more than just
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the indication of the length of time they lived. This may be
the very reason why chronological age is only a gross predic-
tor of performance ability for general motor skills or for
specific athletic skills. It may well be expected that large
chronological age discrepancies will affect performance capa-
city. However, the same differences in terms of performance
may be also observed within the same chronological age range.
Since the literature generally examines performance capacity
in terms of maturational progress, chronological age is rarely

considered as a satisfactory standard.

Skeletal Age and Motor Performance

The concept of skeletal age offers valuable information
on the rate of the development of a child which may serve as
a basis for making objective growth evaluation.

It is conceivable to study any of the systems of the
body, as the development of the normal child progresses in
comparable order. However, invivo methods for such procedures
have obvious limitations. In order to establish a reliable
maturational standard, it is necessary to investigate both
physiological and anatomical development. Since functionally
the two systems are very closely linked, investigations based
on anatomical development presented less problem. The assess-
ment of the maturational status of individuals, based on the
x-ray of the bones of the hand and wrist was introduced at
the beginning of the 19th century. Pryor (72), one of the

first pioneers, introduced the use of the hand-wrist x-ray
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method to appraise the skeletal maturity status of children.
In applying the skeletal age technic, he investigated the
development of children from the time of birth to maturity.
Pryor's main concern was the time of the appearance of bones,
epiphysial unions, and the occurrence'of sex differences in
re1at1onlto skeletal maturation. His investigation pointed
out,'probab1y for the first time, that girls mature earlier
and progress faster than boys in skeletal development.

First Ratch (76) and later Flory (32) reported that the
carpal bores and the lower epiphyses of the radius and ulna
were representative of the joints and bones in the rest of
the body. They suggested that these anatomical structures
could be used to indicate the maturational status of the en-
tire bony framework. Flory further stated that x-rays of the
hand and wrist are relatively inexpensive and require minimum
time and effort, and that early investigations may provide
baselines or norms to which later findings may be compared.

Baldwin (4) and Carter (11), in two independent studies,
developed a method in which the maturity status was determined
by the total ossified area of the wrist. This was derived by
measuring bone shadows directly from radiograms with the use
of a planimeter. Carter also developed a quotient which he
called "ossification ratio", by summing the carpal shadows
(the total ossified area) and dividing it by the carpal area
to be filled by ossificafion. Apparently this procedure pro-
vides a paftial correlation for sex and individual differences

in body size.
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Flory (32:15) disagreed with Carter's ossification
ratio scheme on at least two major issues. Because of the
great variations in individual statures, the ossification
ratio seemed inadequate in determining maturity status.
Secondly, early roentgenographic techniques were rather in-
adequate for the deve]opﬁent of reliable standards based on
the measurement of carpal shadows. Flory, on the other hand,
developed a method in which bone appearance and development,
epiphyseal appearance and development, and general develop-
mental characteristics were used as criteria of skeletal age.
Standardization, representing successive stages of skeletal
maturity, was based on numerous x-rays of eight to eighteen
year-old boys and girls. The comparison of x-rays to the
standard series gave a skeletal maturity rating in months.
For girls and boys separate st&ndards were developed. Corre-
lations between independent workers for the same assessment
ranged between 0.87 to 0.97. These correlations, Flory con-
cluded, were sufficient to meet the criterion of reliability.

In 1939 Todd (94) published an atlas of skeletal matura-
tion in which he proposed a standard for the evaluation of the
hand and wrist bones. The majority of the standards were
based on normal, healthy, white children of above average
economical and educational status of North European ancestry.
The rest of the sample was taken from a more heterogeneous
group in nationality and less privileged economically. The
two groups were not entirely comparable, which imposes a poss-

ible weakness in the applicability of the norms. Todd empha-
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"sized the importance of the metacarpal and phalangeal epiphy-
ses in the evaluation of hand-wrist x-rays. He supported this
by stating that these centers, which appear at birth, are
consistent while the centers which appear later are more sub-
ject to developmental insults. This viewpoint casts some doubt
on the validity of the ulnar and radial epiphyses and the car-
pal bones in the evaluation of skeletal maturity status.

Based on this technic he reported reliability coefficients,
of independent and experienced assessors, in the range of 0.75
to 0.95. This is almost identical with the range reported by
Flory (32).

Pyle and Manino (73) studied the reliability of the
standards established by Flory and Todd. In their assessment
of 150 children, ranging from birth to five years, they found
the Todd standard more consistent. It is worth noting, how-
ever,vthat Flory based his standard on children eight to
eighteen years of age.

Greulich and Pyle (37), in 1950, published a new and
more refined atlas of skeletal development of the hand and
wrist. They based their work on the Brush Foundation Growth
Study which Todd initiated and in part documented in his atlas.
Greulich and Pyle had the advantage of studying a large homo-
geneous sample. What is more important, by using Todd's
earlier roentgenégraphs, they were able to study pre-pubescent
and adolescent progresses of the same children. At a certain
chronological age, when the various maturity indicators

appeared, the most representative -film was chosen as the in-
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dicator of skeletal maturity at that specific age. Greulich
and Pyle suggested that past the age of five years the skele-
ton did not mature rapidly enough to warrant a more frequent
interval standard than one year. Because of the rapidly chang-
ing development of the skeleton, during the early puberal
period, they added another standard at fifteen and one-half
years for boys, and thirteen and one-half years for girls.
Their recommended method of assessment involved comparing the
individual x-ray of the hand and wrist to one in their atlas

at the approximate chronological age.

Skeletal maturation appears to be orderly and sequential.
Greulich (36) pointed out that the skeleton of a healthy,
well-nourished child develops in unison; there is a marked
tendency for the various parts to keep in pace with one an-
other in their maturation. Since ossification within the
skeletal frame has a definite sequence and pattern, it is
often used and thought to be the best age indicator. There-
fore, it seems reasonabie to suggest that the development of
the hand and wrist mirrors the status of the remaining parts
of the skeleton. Tanner (91) confirms this by stating that,
in theory, any or all skeletal segments could be used to
assess bone age; but, in practice, the hand and wrist are the
most convenient areas and the ones generally used. Todd (95)
and Bayley (7) also emphasized the same observation. Bayley
in addition stated that there is a highly acceptable relation-
ship in the rate of maturation between the knee and the bones

of the hand up to the age of thirteen years. Greulich and
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Pyle (37:36) in a way summarize the foregoing discussion by

stating:

...the bones of the hand and wrist, like those of

other areas, tend to maintain a regular sequence

at the beginning and in the various subsequent

stages of their ossification. 1In most normal child-

ren there is a sufficiently good balance in osseous

development to permit one to assign to the hand a

single skeletal age which describes adequately the

status of the bones which compose it.

Alteration in the sequence and rate of skeletal matura-
tion is usually the result of some environmental insult. The
most often occurring conditions are the result of poor nutri-
tion or some pathological trauma. Greulich and Pyle (37:26)
suggested that retardation is only temporary and affects only
a given center or centers which are due to appear at the time
of interference. Also, these irregularities seem to occur
more frequently in the carpal bones than any other centers.
Harding (40) and Pyle and Sontag (74) feel that the order of
ossification is not upset significantly and the rate tends to
remain fairly constant, even when the illneés was severe
enough to produce bone scars.

Several studies expressed confidence and a high degree
of reliability in the technic developed éand recommended by
Greulich and Pyle (37).

Reynolds and Asakawa (77) studied the skeletal develop-
ment of 357 infants. Their finding support the convictions
of Greulich and Pyle on a total and harmonious bodily and
developmeht. Reynolds and Asakawa compared the ratings of

the hand and wrist with total body skeletal rating. It was
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found that 69.5 per cent of the ratings agreed exactly; 29.1
per cent disagreed with just one category rating; and only
five cases showed marked disagreement.

seils (83), in his study of primary school children,
‘using the Greulich-Pyle standards, reported a reliability co-
efficient of 0.87 between two independent assessments. Whittle
(99), using the same technic as Seils, obtained a reliability
coefficient of 0.89 in assessing x-rays of twelve-year-old
boys.

Hayman (42) jnvestigated the feasibility of a shorter
method of assessing skeletal maturity by using the Greulich-
Pyle standards. His investigation included boys from nine to
fifteen years of age. The various correlation coefficients
computed between the skeletal ages of the individual bones
and their relationships to the total skeletal age of the hand
and wrist ranged from 0.945 to 0.998. These were significant
beyond the 0.01 levgl of confidence. The highest multiple
correlation coefficient was 0.999, which included the meta-
carpal IV, distal phalanx I, triquetral, proximal phalanx I,
distal end of radius, and middie phalanx II. By using only
four bones, he obtained a multiple correlation coefficient of
0.9989 between the full compiement of the skeletal age of the
hand ahd wrist bcnes and the four bones located centrally
along the same axis. These four bones are: capitate, meta-
carpal III, proximal phalanx III, and middle phalanx III. In
his conclusion, Hayman states that these bones will provide

a highly accurate skeletal assessment. Hayman reported a
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reliability coefficient of 0.99. In the reliability study,
between the first and second assessments, he permitted a six-
month interval. The fact that Hayman has considered only one
~carpal bone somewhat confirms Todd's (94:15) conviction that
the metacarpal and phalangeal bones are more important in
skeletal status evaluation than the carpal bones.

The critical evaluations of the skeletal age method of
estimating children's maturity by Mainland (62, 63) pointed
out some of its weaknesses. The two main types which Mainland
listed are as follows: (i) systematic error, or error of bias,
which is the persistently occurring difference between the
investigator's rating and the rating of the same x-ray by a
trained and experienced evaluator; (ii) variable or fluctuat-
ing error, which is the error of difference between independent
assessments made by the same rater on the same x-ray. Other
fluctuating errors may result from the use of different at-
lases; differences between skeletal ages and chronological
ages of the subjects; individual differences of children; and
differences in x-ray technics and in the quality of the x-ray
films. Errors will occur inevitably when more than one
assessor is involved. Mainland pointed out that the consis-
tency of a single rater in two-thirds of the cases is within
plus or minus three months for two independent assessments;
and in ninety-five per cent of all cases within plus or minus
six months.

Acheson (1) reported systematic error of just over four

skeletal months among eight independent observers. Koski (55)
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encountered systematic error of only two months in his s tudy
of Finnish children aged 5-18 years. Both reports, in essence,
support the contention that the inspectional method of skele-
tal assessment is a valid procedure, especially in clinical
use, | | |

The predictability of skeletal age from chronological
age, or vice versa, has not yet reached the stage of documen-
tal acceptance as a truism. Several studies show very close
association between the two maturity criteria, while others
disagree. Wickens (100), for example, observed a near
straight-line rise of the mean growth curve for skeletal age,
with only a slight dip at age ten years (Table I). The ten-
year-olds were six monthsvretarded in skeletal age (signifi-
cant at the 0.05 level), while at fourteen years, thgse same

boys were six months advanced (significant at the 0.01 level).

TABLE I

COMPARISON OF CHRONOLOGICAL AGE
AND SKELETAL AGE IN MONTHS

Years Chronological Skeletal Differences
Age Age
9 108 106 -2
10 120 114 -6
11 132 132 0
12 144 146 2
13 156 161 5
14 168 174 6
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In their respective studies, Kurimoto (56), Harrison
(41), Watt (97), and Santa Maria (80) also indicated a near-
linear rise in skeletal maturity, height, and lung capacity.
At age 17 a general deceleration and ‘'levelling-out' is noted.
After 16-17 years of age s%andard deviationé tended to de-
crease. |

Dearborn and Rothney (25) found no significantly pre-
dictable relationship between children who were matched skele-
tally and crhonologically on the same standard. House (46),
while studying grade one pupils, arrived at similar results.
Of the pupils studied, 21 per cent reached a specific skeletal
age ten or more months sooner than their chronological ages
would predict; while some 13 per cent reached their predicted
skeletal age ten or more months later. Oyster (70) lends
support to the above studies by suggesting that the skeletal
age is a factor of maturation, of physical growth, and of the
nutritional status of the individual. The low correlation
between skeletal age and chronological age (0.51 in her study)
clearly indicates that the two are not measuring the same
aspect of growth. Johnston (49) also supports this contention
by stating that chronological age will afbitrarily position
a child on a standard with respect to "normal" population,
"but will do little to answer the important question 'why?'."

Greulich and Pyle (37:36), in an attempt to clarify
some of the existing confusions regarding the terms skeletal
and chronological age, pointed out that the former is used

only to express the skeletal status of the individual, and
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the latter is only a relative standard. They proceed by say-
ing that:

As thus employed, skeletal age corresponds to the
chronological age at which the children on whom the:
standards were based usually attained that same
degree of skeletal development. This device makes
it possible to relate a child's skeletal status to
chronological age, which provides the basis for eva-
luating every other measurable aspect of its growth
and development.

It is without doubt that the assessment of maturational
status from skeletal hand-wrist x-rays will not answer all
the questions in growth analysis. No single test has such
potential. It is, however, universally accepted that the
skeleton offers the most conclusive evidence of the progressive
maturation in the growing child. The evidence supporting the
above statement is summed up by Johnston (49) in the follow-
ing two points:

...first, skeletal maturation establishes beginning

and end points: only a few of the accessory centers

of ossification are present in the newborn, while the

attainment of adult morphology as well as completed

epiphyseal union is.found in everyone, save the

grossly pathological.

...second, the skeleton changes continuously throughout

the growing period - its appearance records the matura-
tion level at all times.

In the preceding pages on several occasions references
was made to the individuality of the maturation process. One
of the many implications the individuality of maturation
offers is the premise that individuals with varying matura-
tional status exhibit varying athletic abilities. The conten-
tion that a definite positive relation exists between the level

of physical maturity and motor skill performance is supported
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by extensive research literature (12,18,24,30,38,41,43,51).
The common observation appears to be that early maturation

is accompanied by accelerated gains in certain structural
attributes. Furthermore, it is pointed dut that early matur-
ing boys are superior to delayed maturers in almost all motor
skill performance tasks.

Several studies have been carried out to contrast the
maturational, structural, strength, and motor traits'of school
boys with varying levels of athletic ability and background.
Clarke and Petersen (13) differentiated boys at elementary
school and junior high school levels in terms of their success
as participants on interschool competitive teams. It was in-
dicated that outstanding junior high school athletes had signi-
ficantly higher skeletal age means, they were taller, heavier,
and stronger than their lower rated or non-participating peers.
Wiley (101), Shelly (85), and Olson (69) observed similar
results in their respective studies. Bloomfield (8), in an
effort to identify factors which differentiate swimmers of
different ability, found that higher ability swimmers were
more advanced maturationally than swimmers at lower levels.
Hale (39) in a survey examined the research on the effects
of competition upon young boys. His survey revealed a general
agreement that those who engaged in competitive sports were
more mature physically, demonstrated high skill level in
several éctivities, acquired better social adjustment, and
had broader interest than their non-participating chronologi-

cal peers.
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One particular weakhess noted in thgse studies is that
there was no attempt mad. to determine the effects of partici-
pation upon the subjects. Such effects may only be found when
tests are administered ovér a long period of time during which
control and experimental groups are under different treatment
conditions. Whether the athletes' more superior maturity
status is incidental or consequential remains to be explored.
This appears to be the reason why it is still a common practice
to use chronological age as a basis for team selection in pri-
mary and secondary schools. It may well be pointed out; how-
ever, that a kind of natural selection takes place within each
age category, viz., only those who are beyond their chrono-
logical peers in physical maturation appear to survive the
rigors of team competition.

Thére.appears to be only two studies that investigated
the role of maturaiion as selective criterion for gaining
membership on a team or for a particular position on a team
(38, 52). Both studies assessed the maturational status of
the boys, 10 to 15 years of age, who participated in two differ-
ent Little League World Series. The findings indicate that
the top 50 per cent of the boys were as mature as the average
status attained by boys two years older chronologically. It
was also pointed out that the more mature boys obtained the
most demanding positions such as pitching, order of batting,
and base positions in baseball. It appeafs obvious that these
boys succeeded because they were more mature, biologically

more stable, and structurally and functionally more advanced.
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The question remains to be answered is what maturational para-
meters contributgd more to the success attained by these
children or children generally in competitive athletics; and
is the developmental acceleration of the parameters of matura-

tion attributable to training or something else?

Height, Weight and Motor Performance

0f the many factors, which influence abilities in the
motor realm of individuals, height and weight have always
enjoyed prominence and popularity in differentiating children
on physical skills. Growth and development literature on many
occasions discussed the relative importance of height and
weight in the performances of physical skills during the ele-
mentary and junior high school years. The implication is that
the taller and heavier children are stronger and more profici-
ent at most of the physical skills than their chronological
peers who are shorter and lighter.

One of the earliest discussions on the effects of phy-

siological maturity on growth was carried out by Crampton (18).

He stated that there is a constant increase in height, weight,
and strength from the tfme of pre-pubescerce well into post-
pubescent years. -The greatest accelerations were noted be-
tween pubescent and post-pubescent groups. It was also noted
that the rapidity of maturation controls the extent or rapid-
ity of gains in height, weight, and strength. In his conglu-

sion he stated that growth rates are dependent upon pubescent

periods, (which are under the influence of skeletal maturation),
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and not chronological age.

Dimock (27), using Crampton's criteria of pubescent
divisions, supported Crampton with his findings. He pointed
out that the pubescent status of boys in his study was more
important than chrono]ogical age, when he was trying to ex-
plain the boys' differential status in height and weight. He
further stated that at twelve or thirteen the pubescent boy
is taller énd heavier than a boy two years his senior who is
still pre-pubescent. At the age of fourteen, betwéen pre- and
post-pubescent boys, he found a mean difference of four and
one-half 1hches in height and 23 pounds in weight, in favour
of the latter group.

Using the criterion of puberty, Richey (78) studied its
effects on height and weight. He observed that the boys who
attained puberty before their fourteenth birthday were, and
remained heavier and taller than both those who attained
puberty between their thirteenth and fourteenth birthday, and
those who attained puberty after their fourteenth birthday.
Over seventeen years of age, however, no statistically signi-
ficant differences were found in height measurement between
the different mafurity groups.

Bayley (7) studied the effects of early and late matura-
tion on body size. Her three criteria of early-, average-,
and‘late-maturing groups were based on the level of skeletal
status at a specific chronological age. She found that early
maturing boys were relatively large, for their chronological

ages. On the other hand, late-maturing boys, between 11 and
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16 years of age, were small. However, when these boys were
compared on skeletal status, the differences were minimized
or completely eliminated.

Stolz and Stolz (89), in their study of 67 boys found
that skeletal age indicates somatic maturity more accurately
than chronological age. Early maturers had more of a tendency
to make greater puberal gains than late maturers.

Elgenmark (28) studied the relationship between body
length and the number of ossification centers present during
the first five years of life. He revealed that they corre-
lated 0.44 during the first year of l1ife, and 0.34 between the
second and fifth year. Larger children, he concluded, were
skeletally more advanced even when they differed chronological-
ly. Acheson and Hewitt (2), on the other hand, reported that
slow maturers surpassed the rapid maturers in height when a
mean-height comparison was made between the two groups.

Krogman (54) studied the relationship between skeletal
maturation and success in athletic participation. Two groups
of students, 524 athletes and 524 non-athletes, were paired
according to chronological age. He found that athletes were
significantly taller, heavier, and more advanced in skeletal
age.

Growth in height is most commonly expressed by a certain
grabhica] distance travelled during a specific length of time.
This growth motion, stated Tanner (92), varies in velocity
with various degrees of interruptions until the final height

is gained. The intensity and duration of the various major
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periods of growth vary from one individual to another. Evid-
ence indicates (9, 90) that growth in height is continuous
a1though'nutritiona1. climatic, and racial factors tend to
control the velocity pf growth and the ultimate height attained.
Shay (84) pointed out that standing height is one of the

two most frequently used anthropometric criteria to describe
body build: This is particularly true during adolescence,
contended Bayley (6). She also stated that height is closely
related to rates of physical maturity. For example, early-
maturing boys and girls appear to have consistently large
average heights with no exceptional spurts. Slow maturers,
on the other hand, are slender and short with small gains 1in
height, until a sharp increase is reached at puberty. The
relationship of height and skeletal maturity status is further
confirmed by Harrison (41), Hindmarch (44), and Santa Maria
(80). A1l three showed that children who were assessed as
more mature skeletally were also consistently taller. In all
instances the greatest discrepancies were found between ad-
vanced and retarded maturity status. Santa Maria further
stated that the mean differences tend to decrease as the
children grow older. This supports Bayley's (6) observation
that slow maturing children tend to experience greater spurt
in height during adolescence. This spurt is probably respons-
ible for the reduced differences in body size during adole-
scence.

| The general trend in physical maturity has indicated an

accelerative path for the past century. Cone (16) indicated
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that children in the U.S.A. and Western Europe are not only
growing taller 19 successive generationg, but they are also
reaching biologiéai maturity at an ear1§er age. Tﬁis secu1ér
accelerative trend seems continuous, without 'slackening’.

For exambie. between fhe years of 1944 to 1959 preparatory
school boys in England gained two inches in height at 11 yeérs;
two and three-quarter inches at 12 years, and two and one-half
inches at 13 years. The possible causes are attributed to
better nutrition, control of childhood diseases, improvement
of health habit;, etc. There does not appear to be a single
factor responsible for this trend.

Body weight occupies a prominent position in the various
strength formulae and indices, as well as in athletic exponent
and classification plans. Shay (84) reported that body‘weight
was shown to be one of the most common measurements used in
anthropometry. Shuttleworth (86)'ca11ed body weight "an over-
all general measure of everything and hence a poor measure of
anything in particular." However, since growth is a regular
process, body weight as one component representative, mayrbe
useful in understanding the summation of the diverse growth
factors operating throughout the body.

Most growth processes of the various body components
follow the typical S-shaped growth curve, characteristic of
the developing child. Tanner (91) stated that therg are ex-
ceptions, and one of these is body weight. Body weight re-
presents avmixture of the various components of the body;

therefore its curve is somewhat less informative and more
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divergent than the characteristic pattern. The usefulness of
~a weight index is overshadowed to a large extent by its severe
limitations., MWeight incredse, which is expected from year-to-
year, may be due to bone, musc1e, or merely'to fat. Variations
in any one of these components may leave a child's growth

curve in weight quite unchanged. From these points of view,
one can easily appreciate the reason why height and weight
indices should be supplemented by measurements more representa-
tive of the body constituents.

Age-height-weight tables do represent a better overview
of an individual than any one factor by itself. Their limited
value in physical education is obvious, as these tébles are
merely the average values based on a large sample at specific
ages. The common contention is that early maturers are hea-
vier and taller than late maturers. Clarke and Harrison (12)
observed in a study of 273 bpys, aged nine, twelve, and fifteen
years, that standingAand sitting heights and body weight in-
creased significantly at each subsequent age and maturity
level. The most significant increase found at all three ages
was in body weight. Johnston (50) found a significant corre-
Tation betweeh weight and skeletal age for girls. The implica-
tion is that heavier giris are more advanced skeletally, there-
fore weight may be a good predictor of skeletal age for girls
between 7-17 years of age.

Height and weight, as meaningful tools for maturify
appraisal, are losing their earlier research significance.

Garn (33) commented that there is an increasing tendency in
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using these two measures as reference standards, rather than
as prime vér1ab1és. |

Several studies (5. 7, 87) have shown that the percent-
age of adult mature size is closely related to skeletal matura-
tion. Convincingly enough, high positive. correlations wefe
found between chronological age and height, and weight. ~Sawtell
(82) supported these findings in an earlier study in which she
attained a definite relationship between skeletal maturation

(ossification) and total body size.

Flexibility and Motor Performance

Flexibility has long been considered an important aspect
of physical fitness. Empiricai data supporting this contention
is scanty, perhaps because of the problems encountered in
arriving at a total flexibility profile. This may be ex-
plained by the fact that flexibility is not only specific fo
the joints of the body, but it is also specific to individual,
within-joint, movements. Dickinson (26), for example, found
no statistically significant relationship between'flexion and
extension of the wrists and ankles. Hupprich and Sigerseth
(48) observed similar results when they founq no significant
relationship among twelve flexibility measurements. The
authors concluded that the absence of common factors among
the various joint movements was the reason for low coeffici-
ents of correlation. By comparing four joint movements Cureton
(22) found low correlations among them and concluded that

flexibility is specific for specific joints, and there is no
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evidence of general flexibility quality.
Zankel (102) stated that the measurement of the range

of motion in the joints is an important requirement in the
evaluation of injury or disease involving the locomotor sys-
tems. Athletes and coaches in general recognize the importance
of good flexibility; not only as a deterrent to muscle in-
juries, but also as possible quality in athletic proficiency.
There appears to be no scientific definition as to the various
qualities of flexibility needed for success in specific sports.
However, several observations (8,20,21,22,52,57,58,71) re-
vealed that athletes in the same sport show similar qualitative
patterns in flexibility; and that there is a considerable
variation from one sport to another. Within sport variations
are due to differing levels of proficiency, viz., high caliber
athletes show higher levels of flexibility than athletes on
lower levels.

| The assumption has been made that good flexibility is
associated with success in competitive swimming. Cureton
(21, 22) stressed that ankle f1exibility'is a most important
characteristic for an efficient kick. He observed that expert
swimmers showed 23 per cent higher ankle flexibility than the
poorer swimmers. Apparently this flexibility difference
corresponded to a speed advantage of 29 per cent. Bloomfield
(8) has pointed out that high flexibility for swimmers is a
. desirable quality. Recovery of the arms, for example, in the
butterfly and front crawl strokes may be performed with greater

facility when the shoulder joints are more flexible. The
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recovery movemen;s in such cases may be carried out without
disturbing body alignment. On the other hand Cureton (20)
cautioned that certain flexibility qualities may be specific
to a particular type of event only and may not be recommended
to all swimmers. In an attempt to establish some guidelines
as to the desirability of high flexibility quality for swimmers,
Cureton (20) measured the flexibility (ankle and shoulder
flexibility, trunk forward flexion, and trunk back extension)
of the 1948 United Stafes Olympic Swimming Team. He found
no outstanding scores in flexibility with the exception of
the 200 meter breaststrokers who ranked high in shoulder and
trunk extension. Cureton concluded that swimmers flexibility
is considerably higher than the average. He suggested that
flexibility is probably related to outstanding swimming per-
formance, especially in the shorter events. Leighton (57, 58)
confirmed Cureton's observations in his comparative study on
the flexibility characteristics of several different skill
groups of college and champion athletes. Swimmers and base-
ball players showed the greatest overall flexibility. It was
also observed that significant differences existed between
the means in flexibility among the athletes of different
skill groups. The reliability of measurements in these studies
were between 0.860 to 6.999.

~Leighton (59, 60) developed a Flexometer with which he
- measured 21 flexibility tésts of 33 joint movements. Validity
of all movements was based upon the now clearly recognized

and defined segmental joint movements of the body. Reliability
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of the measurements, based on the first and second measurement
of 120 boys, ranged from 0.913 to 0.996. In an effort to
establish some basis for comparable studies of flexibility
Leighton (16) studied the flexibility characteristics of boys
at the ages of 10, 12, 14, 16, and 18 years. He suggested
that age 16 should be used for the establishment of norms
because it appears that tﬁis is the age level where changes
from increase to decrease, or vice versa, takes place. In an
effort to show the objectivity of his measuring instrument
Leighton acquired consistent results of 16 year old boys from

different geogfaphical areas.

Strength and Motor Performance

Strength has been a popular parameter in the evaluation
of maturity and fitness of children since time immemorial. In
most literature strength, in general, is considered the ability
of the muscles to exert force against resistance.

From the time of Sargent (81) to the present day the
most popular strength appraisal of children utilized the grip
strength test (65). The grip test in the various research
studies purportedly evaluates: (a) general strength status;
(b) level of phy;iologica1 growth; {c) itc relationship to
motor performance; and, (d) its relative contribution to phy-
sical fitness. The limitations of grip strength testing for
general strength appraisal and other physiological appraisals
have become obvious in the early 1940's. Consequently studies

began to explore the existing strength levels of children by
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empioying many'joint movements . Somé of the noted studies
are by Clarke and Wickens (15), Clarke and Petersen (13),
Rarick and Oyster (75), Howell, et al. (47), Singh, et al. (88).
To avoid tedious testing procedures, which employ niany
tests, abbreviated strength tests have been constructed. One
such strength test battery was developed by Clarke and Schopf
(14). The original 38 cable-tension strength battery was
reduced to 18 joint movements which included the major muscle
groups found throughout the body. From the 18 strength tests
fqur tests were chosen by multiple correlation procedures (by
corre]atihg each of 18 strength tests to the criterion, which
was the mean of the 18 strength tests). The abbreviated test
battery is composed of shoulder extension, ankle planter flex-
ion (ankle extension), trunk extension, and knee extension.
These four test items correlated with the criterion in the
range of 0.795 to 0.889. The sum of these four items is
designated as the strength composite. Clarke and Schopf (14:
512) suggested that the selected four tests represent almost
eqda]]y strong movements, and they all measure extension
stréngth of the joints involved. This was of particular
interest to tﬁis study as the subjects were swimmers, and
swimming movements are virtually all extension movements.
Strength is basic to performance in activities. Its
importance as an adjunct to athletic performance was recognizad
as early as 1925 by Rogers (79) who developed a Strength Index
for classification purposes. It has been used extensively as

a basis of athletic grouping, and employed frequently as a
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measure of motor ability. 7immer1i (103) foresightedly
stated that capacity for any physical activity must be pro-
portional to strength, and that the two were inseparable.

“To illustrate the contention that strength is probably
the most basic contributing component to the level of motor
performance, few selected studies will be sighted. Burley and
Anderson (10) studied the musclar power of 1,013 high school-
aged boys as measured by the vertical jump test. They found
a close relationship of strength (explosive power) to track,
swimming, basketball, and baseball. Also, a close association
was found between power status and athletic success. Bloom-
field (8) measured the shoulder extension strength of swimmers
classified into three ability levels. He found that high
ability level swimmers possessed greater extension strength
‘or pulling force than those of lesser ability. Since shouldery
extension is an important swimming movement, the pertinent
strength is potentially a good indicator of the relative com-
petitive swimming success. Similarly Cureton (20:58-60) found
that the 1948 U.S. Olympic swimmers had higher dynamometrical
strength than their chronological peers. Everett (31) and
Hooks (45) used the measurement of strength for predicting
baseball playing ability. Both found strength a satisfactory
criterion in selecting high and low baseball ability groups.
The importance of strength becomes a more dramatically illus-
trated asset when athletic and non-athletic groups are com-
pared. In such comparisons Clarke and Petersen (13) and Wiley

(101) found that in upper and. Tower body strength measures
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the athletic groups were significantly greater than their
non-athletic peers.

Implications have been>made that strength is closely
related to certain measurés of growth, and continually in-
creases with chronological age during childhood and adolescence
(66,67,93). Particularly close relationships were found be-
tween grip strength and height and weight for pre-school boys
and girls (34, 65). Crampton (18) suggested that growth rates
are dependent upon pubescent periods. He further suégested
that the reTationship'betwéen strength and growth appears to
be the most intimate during the pubescent period. Jones (51:
181) substantiated Crampton's comments by observing that
individua] differences in the rate of physiological maturation
during adolescence were'associated with differing rates of
growth of dynamometrica]lstrength. Early maturing boys and
girls had greater strength than their late maturing peers.

It appears that strength deve]opment depends more on physio-
logical than chronological maturity, at least up to and includ-

ing the adolescent period.

Vital Capacity and Motor Performance

Normal growth is accompanied by corresponding changes
in all functioning organs of the body. Vital capacity also
varies concomitantly with the growth of the body, therefore
factors which affect growth will also affect the vital capa-
city. Several investigators have shown that the vital capacity

of children constantly increases, especially during the adole-
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- scent period (98,93,64:384-395). It is suggested that this

is probably due to great increases in body size. More speci-
fically the linear individuals have greater vital capacity in
proportion to their height and weight than the more stocky
individuals (17,19,29,68). Tomaras (96) contended that vital
capacity is a useful predictor of body size for boys between
the ages 12 to 14 years. He found correlations between vital
capacity and body height, body weight, skeletal age, hip width,
McCloy's Classification Index ranging from 0.75 to 0.86.

Vital capacity has been used extensively as an index of
physical condition and as an index of athletic involvement.
Cureton (19) and Tihanyi (93), for example, found that the
more active groups had greater vital capacity than their less
active peers. This difference appears to be greater during
the pubescent years. Clarkeiand Petersen (13) reported a
significant difference (P<0.5) of the vital capacity means
between athletic and non-athletic groups, in favour of the
athletic groups. Andrew, et al. (3) in a study comparing
swimmers and non-athletes lended support to the above findings.
He reported significantly greater differences (P < 0.5) for
vital capacity in favour of the swimmers. Bloomfield (8),
while comparing swimmers of three different ability levels,
found no significant differences betwéen their vital capacity.
Davis (23), on the otherhand, contended that prolonged train-
ing, as in middle distance swimming, favourably alters vital
capacity. He reported correlation of 0.59 between swimming
time and vital capacity, which was the highest among all

anthropometric and physiological parameters.
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CHAPTER 111

METHODS AND PROCEDURE

The purpose of this investigation was to examine the
relationship between selected maturational determinants and
competitive swimming performance. 1In an attempt to realize
the purpose of this study the following research procedure

was adopted.

Experimental Design

The review of the literature, presented in Chapter II,
indicated that factors of body structure, maturational status,
strength, and flexibility of children are prominently associ-
ated with athletic participation. Also, the investigator
consulted a large number of coaches who believed that the
chosen maturational parameters are the most important factors
to be had for successful competitive swimming. The following
fifteen independent variables were included in the above four
factors:
1. Maturation: Chronological Age
Skeletal Age
Height
Weight

2. Flexibility: Shoulder Fiexion and Extension
Trunk Flexion and Extension
Ankle Flexion and Extension
Composite Flexibility

3. Strength: Shoulder Extension
Knee Extension
Trunk Extension

Ankle Plantar Flexion
Composite Strength
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4. Vital Capacity

5. Length of Training.

The fifteen independent variables were treated as hatura-
tional determinants. The dependent variables were the four
competitive strokes and the individual medley:

1. Freestyle (10b and 200 meters) time.

2. Back Stroke (100 meters) time.

3. Breast Stroke (100 meters) time.

4, Butterfly (100 meters) time.

5. Individual Medley (200 meters) time.

Subjects

Thirty-six boys, from twelve competitive clubs who parti-
cipated at the 1970 Alberta Age Group Provincial Swimming
Chimpionships at Edmonton, were the subjects. The subjects
were all experienced competitive swimmers with two to four
years of training background. Their approximate annual train-
ing exposure ranged from 235 to 564 hours. The subjects were
anticipated to be a highly select group as the entry regula-
tions to the championships were of high standard.

Letters requesting permission to test the swimmers were
sent to the Alberta Swimming Federation and to each participat-
ing_club-coach.. Samples of the letters are included in the
Appenﬁix. There was no attempt made to differentiate the
subjects geographically, racially, or socio-economically. The
mean age of.the subjects was 12.11 years (145.31 months); the

standard deviation was 0.61 of a year (7.30 months); and the
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range was 11.00 to 13.00 years (133.00 to 156.00 months).

The se}ection of the subjects in terms of chronological age
for this study was based on the following assumption. It is
genera11y.accepted‘that boys in the age range of 11-12 years

are just entering into the puberal period. Therefore it is

’possible that the subjects w{thin this age range may be more-

sensitive to structural changes, resulting from puberal growth
spurt and athletic training, than other age groups may be.

If it is true then the individuality of the process of growth,
deve]opment and maturation may well differentiate the subjects

in terms of performance capacity.

General Procedures

A1l testing Qas carried out at the location of the
Championships, the Coronation Park Swimming Pool, Edmonton,
Alberta. The Championships were held on two consecutive half-
day periods which provided approximately seven hoﬁrs of test-
ing. An attempt was made to test each subject prior to his
competitive event. Those who were tesfed after competition,
however, were given a substantial rest before commencement of
testing. The order of testing was the same for all subjects,
i.e., hand-wrist x-ray, strength, flexibility, vital capacity,
height and weight.

Each subject performed.three trials on the performance
test items. The average score of.the three trials was uti-
lized in the statistical computations. Henry (6) expressed

his preference to the use of average scores by stating that
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average scores are more representative of individual ability
than best scores. Kroll (8) confirmed Henry's contention and
pointed out that when no trial-to-trial trend was present, the
correct criterion measure was the mean of all available trials.
Preceding the testing procedure, each individual was
" thoroughly instructed and shown the mechanics of the particu-
lar test. Before the actual testing trial each individual was
given a practice trial. After the practice trial and before
the first test trial, and after each additional test trial,
a rest interval of 30 seconds was given to each subject. When
a test item may have been administered on either the right or
‘the left side of the body, the left side was chosen for con-
sistency. Uniformity in the testing conditions and procedures
were ensured by keeping the same examiner at the same station
throughout the testing period. No motivational devices or
encouragements were used beyond the explanation and practice
trial of each test item. All testing was administered by
physical education graduate students. The testing team re-
ceived extensive familiarization in all the test items. A
sample of the personal record and test profile sheet is in-

cluded in the Appendix.

Specific Procedures

(1) Maturation
Under this heading the study considered the parameters

of Chronological Age, Skeletal Age, Height, and Weight. This
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classification 1s'consistent with the operational definition
of maturation stated in Chapter 1.
1. Chronological Age. In accordance with the Canadian

AmateurYSwimming Association (1), any competitor whose eleventh
birth date was on or before, and whose thirteenth birth date
was not on or before the first day of the competition, is eli-
gible to swim in the 11-12 year age group. This of course
provides a wide dispersion in chronological age. Figure 1
illustrates the chronological age dispersion of the subjects.
The chronological age of the swimmers was not considered as
suéh for any specific grouping. The subjects were grouped

for the purpose of data analysis according to their attained
swimming times.

2. Skeletal Age. Skeletal age was estimated by the

hand-wrist roentgenographic technic outlined by Greulich and
Pyle (5). Hand-wrist roentgenographs were taken by a regis-.
tered x-ray technician from the University of.Alberta Hospital
in Edmonton. The roentgenographs were interpreted by the
investigator. A test of reliability was carried out two
months after the first interpretation and it was found to be
0.942., To determine the objectivity, a random sample of
twelve roentgenographs was sent to the University of Saskat-

1

chewan Hospital at'Saskatoon. The objectivity was found to

1 The objectivity roentgenographic interpretations were
made by Dr. C. Stuart Houston, Professor and Assistant Director
of the Department of Diagnostic Radiology and consultant to
the Saskatchewan Growth and Development Study.
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be 0.920.
The specification of the roentgenogram, materials, and
procedures were as follows:

1. Type of x-ray unit: General Electric Mobile "200",
HRT-3 x-ray tube, 1.0mm focal spot

2. Film size and type: 8x10 Kodak blhe brand (BB-14)
screen film '

Focal distance: 40 inches
- Amperage (miliamperes): 50
Vo]tége: 44 KvVP

Exposure time: 1/12 second

N OO o oW

Developing process: Kodak M4-B automatic processor
(4 minutes)

8. X-ray screens: Dupont Cronex par speed.

The subjects were seated with their left arm resting on
a table, flexed to 90° angle at the elbow joint and the palm
facing down. One roentgenograph was taken of each subject.
Figure 2 illustrates the roentgenogram unit employed in the
study.

3. Height. This is the measurz2ment of erect body length.
Care was taken to have the head held in such manner that the
Frankfort line (1ihe from the lower border of the right orbit
to the upper margin of the external auditory meatus) was
horizontal. Measurement was recorded to the nearest one-
quarter of an inch. Figure 3 illustrates subject being
tested for standing height.

4. Weight. The measuring instrument was a beam-type

platform scale. Measurement was recorded to the nearest



FIGURE 2

Roentgenogram Unit
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FIGURE 3

Standing Height
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one-half of one pound. Figure 4 illustrates subject being
tested for body weight. The accuracy of the platform scale

was confirmed by the measurement of recognized weight plates.

(2) Flexibility

Flexibility was measured in degrees and designated the
range of movement of a joint and of the associated body seg-
ments. More spec%fical]y, flexibility was indicated as the
measure of moyement between two extreme positions (flexion
and extension). _The measuring instrument was the Leighton
Flexometer (9) illustrated in Figure 5. The testing procedure
followed Leighton's outline, taking care that the instrument
was attached in such a manner that direct reading of the
number of degrees (which the movement accomplished) was poss-
ible. A composite score of the test items was recorded by
summing the average score for each individual test. The test
of flexibility included the following parameters.

1. Shoulder Flexibility. Figures 6 and 7 illustrate

subject being tested for shoulder flexion and extension res-
pectively. The reliability estimate was 0.959.
2. Trunk Flexibility. Figure 8 and 9 illustrate sub-

ject being tested for trunk extension and flexion, respectively.

Note that trunk extension and flexion is accompanied by hip
extension and flexion. Therefore, to obtain the values for
trunk flexibility alone, the values of hip extension and flex-
ion were subtracted from trunk extension and flexion. The

reliability estimate was 0.981. (The reliability estimate

—
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Body Weight
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FIGURE 6

Shoulder Flexion
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FIGURE 7

Shoulder Extension
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FIGURE 8

Trunk Extension



FIGURE 9

Trunk Fiexion
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for hip flexibility was 0.992.)
3. Ankle Flexibility. Figure 10 illustrates subject

being tested for ankle flexion. (Ankle extension, which is
not illustrated, is opposite to the movement depicted in
Figure 10.) The reliability estimate was 0.971.

(3) Strength
Strength was measured in pounds and designated as the

amount of force exerted against a strain-gauge apparatus. The
apparatus consisted of four strain gauges (SR-4, 120 ohms,
type A-3-S6, manufactured by the electronics division of
Baldwiﬁ-Lima-Hami]ton. Waltham, Mass.) and mounted on "U-
shaped" tooled steel cantilever beams (7). The mounted strain
gauges were arranged to form a Wheatstone bridge. Strain upon
the tooled steel apparatus disarranged the balance of the
Wheatstone bridge and the amount of strain (magnitude of the
force against the testing apparatus) was traced on a Sargent
Recorder (Model SR). The disturbed balance caused voltage
changes which is then recorded in terms of the amount of
resistance applied. The changes in the magnitude of the volt-
age always increase linearly with the changes in resistance.
Similarly, the resistance changes experienced by the strain
gauges will be linearly related to the amount of strain
suffered by the metal beams. This means that for .each pound
of added weight the amount of voltage registered is linearly
increasing on the recorder. The accuracy of the linear rela-

tionship was confirmed by recognized weight plates. The



FIGURE 10

Ankle Flexion
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results were consistent with those obtained by Hetherington
(7). Figure 11 illustrates the apparatus used in strength
testing. ‘

The testing procedure followed Clarke's outline (2) and
utilized Clarke's testing table. The puliing assemblies were
slightly modified from Clarke's methods with the intention
to prevent slipping and to provide more standardized strap
positions. It should be noted that the pulling assemblies
were at a right angle to the body segment. Individual measure-
ments were recorded to the nearest pound. A composite score
of the test items was recorded by summing the average score
for each individual test. The test of strength included the
following parameters.

1. .Shoulder Extension. Figure 12 illustrates subject

being tested for shoulder extension strength. The strap
position was six inches from the olecranon process of the
ulna. The reliability estimate was 0.972.

2. Knee Extension. Figure 13 illustrates subject being

tested for knee extension strength. The strap position was
nine inches from the axilla of the knee joint, just below
the gastrocnemius muscle. The reliability estimate was 0.958.

3. Trunk Extension. Figure 14 illustrates subject

being tested for trunk extension strength. The strap position
was directly beyond the axilla of the arms. The reliability
estimate was 0.974.

4. Ankle Plantar Flexion (Ankle Extension). Figure 15

illustrates subject being tested for ankle plantar flexion
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FIGURE

Strength Testing Apparatus and Implements
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FIGURE 12

Shoulder Extension
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Knee Extension
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Trunk Extension



FIGURE 15

Ankle Plantar Flexion
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strength. The strap position was four inches from the end of
the great toe. Note that a piece of board was attached to
the strap to eliminate cutting and squeezing of the strap.
The reliability estimate was 0.903.

(4) yvital Capacity

Vital capacity was measured in cubic inches and design-
ated as the amount of air expired after maximal inspiration.
The measuring 1nstrument‘was a standard Wet Spirometer of 400
cubic inch capacity. Figure 16 illustrates the Wet Spirometer
and subject being tested for vital capacity. The reliability
estimate was 0.974.

Statistical Procedures

Reliability estimates for the vgrious performance tests
were determined by single factor analysis with repeated mea-
sures from the three repeated trials. Unadjusted reliabilf-
ties were accepted as these numbers indicate best the reliabi-
1ity of how well the mean score represents the three trial
scores. The calculation of reliability estimates was adopted
from Winer (10). The reliability estimate for skeletal age
was determined by a simple test-retest method based on the
coefficient of correlation by the product-moment method (4).
The objectivity estimate was calculated in similar fashion..

The dependency of competitive swimming ability on

maturational determinants was evaluated by regression analysis
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FIGURE 16

Vital Capacity
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in stepwise ordet (3).1 drdinari1y_the procedure examines

the input data (%ndependent and dependent variables) in sucﬁ

a manner that the best possible combination of sets of obser-
vations are selected. This involved a stepwise.re-examination
of the variables 1ncorporéted into the model at previous
stages. Any variable which provides a non-significant con-
‘tribution is removed from the model. This process continued
until all variables had been looked at and no more were ad-
mitted to or rejected from the model. The generalized equa-
tion of the model is:

Y = Bo + BIX1 + BoXy + c0eeo + B X

272 * nn
where ? = predicted Y

B° = constant term

B = regression weight

X = predictor variable.

The actual application or interpretation of the stepwise
regression procedure in the investigation was somewhat differ-
ent from the conventional use. In accordance with the state-
ment of the problem the investigation was fo evaluate the

relative predictive values of the independent variables (ma-

T an computations were carried out on IBM 360 computer.
The name of the programs were MULRO 6, ANOV 14 and ANOV 15
and were supplied by the Division of Educational Research
services, University of Aiberta, Edmonton, Alberta.
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turational determinants) to each of the dependent variables
(swimming speed). Since the order of selection indicates the
predictor's (independent variable) predictive strength, based
on its partial correlation contribution, a definite level of
significance was deemed unnecessary. The e11minat19n of
certain non-significant predictors may also eliminate rele-
vant information. A1l information should be included if they
‘collectively make better overall prediction of the criterion.
Inspite of the minor alteration in the stepwise regression
procedure it still follows the regular cycle and will always
pick the predictor with the highest partial correlation to
the criterion. However, the restriction for selection is

set at 1.00 to allow the selection of all predictors in a
hierarchial order of prediction. In the section on the
evaluation of the data the probability level of each predic-
tor was indicated at the time it was allowed into the predic-
tion model.

Generality percentages (r2 x 100) were calculated from
the coefficients of correlation between the independent and
dependent variables.

Comparisons between high, middle and low success groups
within each criterion measure was tested with a standard one-
way analysis of variance model (10:46-104). The probability
level for significance, before the commencement of the investi-

gation, was set at the 0.05 level.
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CHAPTER IV

RESULTS

The general purpose of this 1nvestiga§10n was to evalu-
ate the relationship between swimming speed and selected
maturational determinants. In order to investigate the
stated purpose fifteén independent variables were weighed
against six dependent variables. The premise that competi-
tive swimming success depends, to some extent, on maturational
determinants was evaluated by the stepwise regression analysis
procedure. This statistical method arranged the independent
variables in an order which provided the best combination of
predictors in terms of success for each dependent variable.

No level of significance was established for the independent
variables. This pfocedure permitted the inclusion of all
maturational determinants into the regression équation mode
based on their relative predictor strength.

The stepwise regression procedure has the ability to
indicate the best prediction Y from a number of predictors X.
This procedure, however, canhot indicate with confidence which
predictor is more important over another as the one chosen at
step number one, for example, may become unimportant at step
number four. Therefore, to find a hierarchical order of
predictors in terms of importance the generality and specifi-
city of the predictors were calculated. It is possible, how-

ever, that the selection order into the regression model and
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the generality-specificity order coincide as no limiting con-
fidence levels were declared. The predictors with the highest
generality percentage were declared the most important.

To test the relative significance of the maturational
determinants the subjects were separated into three grdups
(high, middle, low) in terms of their swimming speed. Com;
parisons between the groups were made by one-way analysis of
variance (21). The source of the significance of the differ-
ences were determined by the Newman-Keuls (15) posteriori test

and the differences at 0.5 level were declared as significant.

Stepwise Regression Analysis

The analysis of the results in the stepwise regression
procedure was not restricted to a specific level of signifi-
cance, therefore the variables were admitted in the prediction
equation as they appeared in their respective order of pre-
dictive ability. The order of variables was chosen on the
strength of their partial correlation coefficients with res-
pect to the criterion. This procedure of course presents a
difficult case in selecting the best regression equation. The
elim1natidn of a particular level of significance as a select-
ing criterion 1nto,the regression equation warranted some
personal judgment based on certain available statistical
values. This methodology may cast doubt on the usefulness
of the derived prediction equation. Draper and Smith (9),
however, stated that "To make the equation useful for predic-

tive purposes we should want our model to include as many X's
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as possible...."

In essence regression analysis examines how changes in
the independent variables affect the values of the dependent
variables. This relationship may not be linear over the range
of variables X,, Xos coes Xy with respect to responée Y. How-
ever, when the range of the X's is limited an adequate repre-
sentation of the function Xk with respect to response Y may
be observed within the chosen range. For predictive purposes,
of course, only the values of X's within the restricted range
would be useful. The restricted range was based on the
squared multiple correlation, (R2). The definition of R2 is:
RZ = (sS due to regression)/(total SS, corrected for mean)
(9:26). This means that R? is the "proportion of total varia-
tion about the mean Y explained by the regression." It follows
then, the larger the Rz,is‘the better the prediction equation
explains the variation in the data. The addition of new vari-
ables to the prediction equation will always increase R2, but
will not necessarily improve the precision of the estimate of
the response. When R2 showed a levelling trend no more vari-
ables were added. The precision of the regression equation
was also determined by the size of the standard error of the

predicted Y. This statistic stands at minimum when X, = X.

The response Xk shows an increase when moved away from X in
either direction. This implies that the smaller the error
term the more precise will be the prediction. Generally the
levelling trend of R2 and the inverse trend of the error term

statistic coincided well enough to employ both in determining
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the size of the regression equation.
In the fo11owfng the dependent variables are listed
with the predictors in the order they were admitted into the

regression equation.

(1) 100 Meter Freestyle

Table 2 illustrates the results of the stepwise regres-

sion procedure for the 100 meter freestyle. The suggested

prediction equation for this criterion is

-<)>
|

= f(x1’ X2’ X3’ X4’ XS, XG, X7, x8, x )

9

137.385 + (-0.054)X1 + (-0.017)X2 + (-0.072)X3 +

<>
L]

0.054X4 + (-0.014)X5 +_(-0'063)X6 + (-0.731)X8 + 0.130X9.

(2) 200 Meter Freestyle

Table 3 illustrates the results of the stepwise regres-
sion procedure for the 200 meter freestyle. The suggested

prediction equation for this criterion is

-<>

= f(X]’ XZ’ X3’ X4. Xs. XG, X7, x8’ xg)

~<)>

= 230.087 + (-0.069)X] + (-10.806)X2 + 0.247X4 +
0.394X, + (-10.861)X5 + (-10.834)X6 + 10.667X, +

(-0.106)X8 + (-10.579)X9.
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(3) 100 Meter Back Stroke

Table 4 illustrates the results of the stepwise regres-
sion procedure for the 100 meter back stroke. The suggested

prediction equation for this criterion is

-< >
|

= f(X]’ ng x3, X4’ Xs’ x69 X7)

-<>
1

165.996 + ('-o.121)x1 + 0.052X, + 0.125X, + (-0.474)X, +

(-0.158)X5 + (-0.071)X6 + 0.035X,.

'(4) 100 Meter Breast Stroke

Table 5 illustrates the results of the stepwise regres-
sion procedure for the 100 meter breast stroke. The suggested

prediction equation for this criterion is

~<>
1

<>
1l

93.177 + (-0.2'|9)X.| + (-O.O'I'I)X2 + 0.28'IX3 +

(-0.116))(4 + 0.250X5 + 0.054X,.

(5) 100 Meter Butterfly Stroke

Table 6 illustrates the results of the stepwise regres-
sion procedure for the 100 meter butterfly. The prediction

equation for this criterion is

Y = f(X", ng X3’ X4’ xs, XG, X7’ X8)
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3 - 142.635 + (-0.047)Xy + (-0.195)X; + (-0.100)X4 +

0.093X, + (-0.093)X5 + (-0.019))(6 + 0.125X, + (-0.052)X8.

(6) 200 Meter Individual Medley

Table 7 illustrates the results of the stepwise regres-
sion procedure for the 200 meter individual medley. The

suggested prediction equation for this criterion is

<>
1]

434.839 + (-0.140)Xy + (-0.483)X, + (-1.285)X4 +

<>
n

0.535X4 + 0.668Xg.

Generalitg-Specificitx Analysis

In an effort to evaluate the common variance between
two variables an estimate is usually made of the degree of
the underlying generality. The most frequent method of esti-
mating such generality is by the statistic derived from the
squared correlation (rz) between two variables. Recently
Hetherihgton and Maguire (13) questioned the validity of the
purported relationship of rz in the measure of generality.
They suggest that at best rz provides only an ordinal indica-
tion of the percentage of common underlying processes.

The generality-specificity calculations in this investi-
gation were not intended to specifically appraise and evaluate

the underlying generality of the variables. The exclusive
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purpose of this procedure was to list the independent vari-
“ables under each dependent vdriable in a hierarchical order
of importance based on generality percentages. This procedure
appears to be legitimate as the degree of generality and
specificity is purportedly based on the relationship of one
set of scores with another. | , |

Tables 2 through 7 illustrate the per cent geﬁerality
of the fifteen independent variables for each dependent vari-
able. General overview of the results indicate some coﬁsist-
ency between the order of selection of the‘predictors in the
stepwise regression procedure and the degree of generality

of the predictors.

High, Middle and Low Group Comparative Analysis

The purpose of this procedure was to examine the asso-
ciation between swimming speed and the maturational determin-
ants among the three groups; Differences in terms of matura-
tional determinants between groups were declared significant
at the 0.5 level. This was accomplished by employing a single
factor analysis of variancé. In an effort to determine the
nature of the differences between group the Newman-Keuls Test
(15) was applied.

Table 8 illustrates comparisons of the means for the

maturational determinants in 100 meter freestyle stroke.
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shoulder extension strength provided significant differences
between the groups.

Table 9 illustrates the results of the Newman-Keuls
test of significance. Diffefences were significant between

the high versus middle (Nz) and high versus low groups (N3).

TABLE 9

NEWMAN-KEULS TEST RESULTS FOR SHOULDER EXTENSION
STRENGTH IM 100 METER FREESTYLE

N 'Means High Middle Low
82.22 52.99 44.61
6 44 .61 37.61* 8.39 0.00
11 52.99 29.22* 0.00
6 82.22 0.00

* Difference significant at the 0.05 level.

q, = 2.95 Q3 = 3.58

/MSerror N 3
p = GV where WS Ry (IN,) F o (U]

n

=
|

= v505.82 _ -
Nz = 2.95V 555780 2.95 x 8.457 = 24f950
N3 = 3.58 x 8.457 = 30.278.

Mean differences in general favoured the high group, however,
only in two instances were they appreciably approaching statis-

tical'significance. For knee extension strength the mean
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difference between high and low groups was 32.67, however,

the w3 obtained from the studentized range statistic was 34.03.
The same prevailed for composite strength between high and

low groups where the actual mean difference was 98.89 and the
obtained W, was 102.72. -

Table 10 illustrates the comparisons of the means in the
200 meter freestyle stroke. There were no statistically signi-
ficant differences among the groups.

Table 11 1lustrates the comparisons of the means in
the 100 meter back stroke. There were no statistically signi-
ficant differences among the three groups. For trunk flexibi-
1ity mean differences between middle and low groups favouring
the low group approached significance. The obtained w3 was
25.25 and the actual mean difference was 24.23.

Table 12 illustrates the comparison of the means in the
100 meter breast stroke. Knee extension strength provided
significant differences between the groups.

Table 13 illustrates the results of the Newman-Keuls
test of significance. The differences were significant be-
tween the high versus middle ("2) and high versus low (u3)
groups.

For composite strength the differences between high and
low groups approached statistical significance. The actual
mean difference between the groups was 84.75 and the obtained
wz was 87.11. The same prevailed for ankle flexibility between
the high and middle groups where the actual mean difference

was 14.52 and the obtained w3 was 15.94.
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TABLE 13

NEWMAN-KEULS TEST RESULTS FOR KNEE EXTENSION
. STRENGTH IN 100 METER BREAST STROKE

N Means High Middle Low
130.27 ' 91.27 86.26

6 " 86.26 44.01% 5.01 0.00

5 91.27 39.00* 0.00

6 130.27 0.00

* Differences significant at the 0.05 level.

q, = 2.95 93 = 3.58

qr\/ﬂ§5££2£ where W k

r X = (T7n, 7 + (17n2) ¥ F g

2.95\/93%5§$I = 2.95 x 10.543 = 31,102

=
u

=
N
u

3.58 x 10.543 = 37.744,

=
[}

Table 14 illustrates the comparisons of the means in the
100 meter butterfly stroke. Statistically significant differ-
ences were found between the groups in shoulder flexibility
and composite flexibility.

Table 15 illustrates the results of the Newman-Keuls
test of significance for shoulder flexibility. Differences
were significant between the high versus low (N3) group. Be-
tween high versus middle (Nz) group the differences approached

significance. The actual mean difference was 15.35 and the
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obtained wa was 15.61

TABLE 15

NEWMAN-KEULS TEST RESULTS FOR SHOULDER FLEXIBILTTY
IN 100 METER BUTTERFLY STROKE

N Means High Middle Low
219.83 204.47 200.55

6 200.55 19.28* 3.92 0.00

7 204.47 15.36 0.00

6 219.83 0.00

* Differences significant at the 0.05 level.

q, = 2.95 q3 = 3.58

=
I

\/MSerror - k
r._q" ——?i—— Wher'QN‘n/n]).’.}]/nz)"' ...-+(]/nk)

_ \/176.50 _ =
2 2.95 5737)'077 = 2,95 x 5.293 = 15.61

3 3.58 x 5.293 = 18.94.

=
{

=
n

Table 16 illustrates the.NeWman-Keuls test of signifi-
cance for éombosite flexibility. The differences were signifi-

cant between the high versus low (w3) group. Between middle

versus low (wz)-group the differences approached significance.
The actual mean difference was 19.20 and the obtained NZ was
21.27.
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TABLE 16

NEWMAN-KEULS TEST RESULTS FOR COMPOSITE
FLEXIBILITY IN 100 METER BUTTERFLY STROKE

N Means High Middle Low
383.43 364.23 356.50

6 356.50 26.93* 7.73 0.00

7 364.23 19.20 0.00

6 383.43 0.00

* Differences significant at the 0.05 level.

9, = 2.95 43 = 3.58

MSerror N = k
qr\/__—ﬁ——_ where n = (/n Y+ (/n,) + oo+ (/)

,/327.81 - =
2 = 2.95 §.30027 2.95 x 7.213 = 21.78

3 3.58 x 7.213 = 25.82.

=
n

=
)

=
n

Two.other parameters in the 100 meter butterfly stroke
which exhibited an appreciable closeness to significance
warrants recognition. Eor ankle flexibility the actual mean
difference betweén high and 1oW groups was 8.16 and the ob-
tained w3 was 10.58. For shoulder extension strength the
actual mean differences between high and middle groups was
28.89 and the obtained W, was 29.43.

Tabie 17 illustrates the comparisons of the means in the

200 meter individual medley. There were no statistically signi-
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ficant differences among the three groups. For shoulder
flexibility, however, the mean differences between middle and
low groups approached significance. The acéua1 mean differ-"
ence was 15.41 and the obtained W, was 16.36.

Analysis and Discussion of the Results

The data wés'anaIyzed by three different statistical
procedures (p. 76). In the following the results of each pro-
. cedure are elaborated in terms of the stated purposes of the
investigation.

The first purpose was to investigate the relative impor-
tance or predictive strength of certain maturational determin-
ants for competitive swimming. For each dependent variable
(swimming speed) a prediction equation was suggested. The
equation included those independent variables (maturational
determinants) which depicted an improvemgnt in the precision
of the equation.

Table 18 indicates the relative orders in which the
1ndependent variables were selected under each.dependent vari-
able. The sums under the 'Total' column are derived by adding
the numbers horfzontal]y in line with each maturational de-
terminant.

The premise that strength is basic to.performance, and
probably proportional to performance capacity is well illust-
rated in Table 18. Trunk extension strength and should exten-
sion strength appeared to be the two most important strength

attributes. Trunk extension strength is not associated directly
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with movement generation in swimming. The muscles involved
perform supplementary work by acting as a 1ink between the
power applied by the arms and by the legs (5). The major con-
tribution of trunk extension strength is in effect the main-
tenance of the most desirable body position which minimizes
the resistance caused by faulty body position. The importance
of effective body streamlining is recognized by Counsilman
(5:2) in stating that "Probably the greatest improvements in
stroke mechanics in recent years have been in the reduction

of resistance." Stability in the horizontal and lateral
planes require powerful thoracic and lumbar muscles to elimi-
nate negative movements. Perhaps this is one of the reasons
why trunk extension strength is rated first among the matura-
tional determinants.

The main source of propulsion in swimming is found in
the extension movement of the arms aﬁd shoulder joints.
Shoulder extension strength in this study exhibited an import-
ant quality for competitive swimming. This is in agreement
with a study reported by Bloomfield (3). The low ranking of
shoulder extension in the back stroke may be due to the supine
body position, as opposed to the prone body position in other
strokes, where the initial movement is shoulder flexion.

Training without doubt is the single most important
factor in successful athletic participation. Table 18 depicts
its relative importance for competitive swimming among the
other independent variables. The faétor of training becomes

more important for competitive swimming in later years, espe-
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cially when stroké specialization is more evident. Young age
group swimmers tend to be more generalists. Also, training
is considered more importaﬁt in endurance events; this study
considered distances which are basically sprinting events.

Weight also ranked high enough to merit a special com-
ment. Weight in terms of competitive swimming success may be
considered only with respect to gains in musculature and coh-
sequently strength. It is suspected that weight gain in the
age range of six to twelve years is basically due to gaiﬁs is
musculature. Rarick (18) stated that 50 to 60 per cent of
the weight gained during the elementary school years ié attri-
buted to gains in muscle tissue. If this is true then weight
may be an important attribute to competitive swimming success
in terms of strength gains for the young age group competitor.
Bloomfield (3) lends support to this contention with his stddy
in which he found that high ability swimmers were heavier than
low ability swimmers.

Although flexibility is an important quality in com-
petitive swimming it did not rate highly in this study. It
appears that different joint movement patterns favour differ-
ent swimming strokes which suggests'a certain quality of spe-
cificity related to a particular joint movement. For example,
trunk flexibility is considered important in breast stroke
which may be illustrated by its high rank in that stroke.
1This is in agreement with Cureton (6) who found high trunk
flexibility measures among breast strokérs. The same general

observation was made for ankle flexibility (7, 8), however,
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in the preseht study ankle flexibility appéared to be import-
ant only for the butterfly stroke. The f1éxibility of the
shoulder joint is considered a very important quality in com-
~petitive swimming (3, 5:305). Shoulder flexibility in this
study rated relatively low for all strokes.. One cannot say
with confidence why shoulder flexibility appeared unimportant
in this study, however, the observation by Leighton (16) may
help explain this phenomenon. He suggested that there is a
decreasing tendency of flexibility in children between the ages
10 to 18 years. This may be due to the disproportionate growth
rate of bone and muscle tissues (including the fascia) which
will ultimately restrict the range of joint motion (14).
Skeletal age is a factor of physical growth and matura-
tion and consequently advanced skeletal status may be con-
sidered important for successful athletic participation.
Several studies (4,17,20) stated that outstanding athletes.
of elementary and junior high school age possessed higher
skeletal age means than their less successful peers. It was ..
also shown that high ability level swimmers were more advanced
maturationally than their low abilify peers (3). These
observations are not supported totally by this study as ske-
letal age rated relatively low among the maturational deter-
minants. One possible explanation may be the fact that the
swimming events in this study are basically sprinting events
in which athletic endowment, father than the level of matura-
tion, in relation to success may be relatively more important.

One exception is the 200 meter individual medley where skeletal
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age is rated third. This event is a very demanding swimming
task where the level of maturation may be a deciding factor
for successful participation.. The foregoing contention is
not supported by Table 19 in which the means of the matura-
tional determinants for each stroke are summarized. The mean
skeletal age for the 200 meter individual medley is 149.66
months which is only the third highest behind 153.10 months
for back stroke and 150.77 months for butterfly. The total
mean skeletal age of 149.34 months compared to the total mean
chronological age‘of 145.01 months cannot be considered great
differences. However, slight acceleration in mdturation is
indicated which is consistent with some of the reviewed stu-
dies.

Vital capacity, also, rated relatively low among the
mafurationa1 determinants in this study. This appears to be
strange as the capacity for exchanging large volumes of used
and unused air may be advantageous for swimmers. Davis (10)
stated that large vital capacity may be advantageous for
swimmers who swim longer distances.

' The second purpose of this study was to establish a
hierarchical order of relationships between the independent
and dependent variables. Table 20 presents the total points
hierarchical order based on the degree of generality between
specific independent and dependent variables. This procedure
was carried out in an effort to support the order established
by the stepwise regression procedure. Definite agreements in

the order of selection between the two procedures may be
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observed. Shoulder extension was selected first by both pro-
cedures in 100 meter free and 100 meter butterfly strokes and
second in the 200 meter free and 200 meter individual medley.
Trunk extension ranked first in 100 meter back stroke by both
procedures. Training was ranked first by both procedures in
200 meter free and individual medley. The knee extension
strength ranked first in 100 meter breast stroke by both pro-
cedures. The strength items ranked high enough to be consider-
ed the most important maturational determinants. This is
supporting Counsilman's (5:277) contention in that strength
development by means other than swimming is essential for good
swimming performance.

Flexibility again showed a less important role among
the maturational determinants. Ankle flexibility may be an
exception which showed reasonable correspondence by both pro-
cedures in 100 meter back and butterfly strokes. According
to Tables 18 and 20 the follbwing maturational determinanté
may be considered the most important contributors to competi-
tive swimming success: trunk extension, shoulder extension,
training, weight, knee extension,'composite strength and ankle
flexibility.

The third purpose of this study was to define the signi-
ficance of the differehces between high, middle and low suc-
cess groups as determined by the relevance of maturational
determinants to swimming speed. The hypotheses to be tested
were: that maturational determinants will not have a signifi-

cant effect on the level of performance in any one specific
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swimming stroke; that the number of hours spent on training
will not have a significant effect on the level of performance
in any one specific stroke. The criterion for the rejection
of the null hypothesis was set at the 0.05 level of signifi-
cance.

The Hypothesis that maturational determinants will not
have a significant effect on the level of performance was
rejected for the:100 meter freestyle, 100 meter breast stroke
and 100 meter butterfly stroke. This hypothesis for the 200
meter freestyle, 100 meter back stroke and the 200 meter
individual medley was ﬁot,rejected.

Shoulder extension strength in the 100 meter freestyle
in this study significantly separated the three different
achievement groups. The differences were significant between
the high and the middle groups and between the high and low
groups (Table 9, p. 95).

| Shoulder extension strength utilizes the main arm de-
pressor muscles (latissimus dorsi, pectoralis major and teres
major). These mﬁsc]es are also referred to as the prime
movers which in effect propel the swimmer through the water
most effectively (5:50). The differences for shoulder exten-
sion strength were also large in 200 meter freestyle, but con-
trary to what one would expect not large enough for statisti-
cal significance.

| Knee extension strength in the 100 meter breast stroke
was significantly different between the high and middle and
between the high and low groups (Table 13, p. 100). It was
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also ranked the most important maturational determinant by
both the stepwise regression and by the generality percentagé
ranking. 1In the preast stroke kick the prime movers are the
leg extensor muscles which provide the strength for knee
extension (5:279). This became more evident when swimmers
begin to change the manner of kicking from the conventional
'frog' kick to the present 'whip’ actidn type kick. Ankle
f]exibility accokding to Counsilman (5:122) is a very 1mp6rt-
ant factor in the performance of breast stroke. The results
of this study are not in agreemenf with the above contention.
There were no statistically significant differenes among the
three groups 1n'ank1e flexibility. 1In terms of importance as
a maturational determinant ankle flexibility for breast stroke
ranked relatively low.

Shoulder flexibility and composite flexibility in the
100 meter butter?ly showed significant differences between
the different ability groups. The differences were signifi-
cant between the high and low groups for both f1ex1bility
components (Table 15, p. 102; Table 16, p. 103). The simul-
taneous nature of the arm stroke necessitates the quality of
good shoulder flexibility. Mechanically effective body posi-
tion may only be achieved if the recovering arms are not
hindered by restrictive shoulder joints. Faulty body posi-
tion, as a result of inflexible shoulder joints, may eliminate
the horizontal streamlining effect, increase the level of
drag, therefore increase the swimmer's time for a particular

distance. The significance of composite flexibility in butter-
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fly does not indicate the presence of a common factor among
the various joint movements. It simply indicates that the
high success group in butterfly, as compare& to the middle
and low groups, demonstrated higher range of joint motion for
the items tested. The fact that ankle flexibility approached
significance contributed greatly to the significance of com-
posite flexibility.

The similarity in the mechanics of the freestyle and
butterfly arm actions have been éxplained by Counsilman (5:77).
This similarity is, in a way, supported by this study. Shoulder
extension strength was significant in 100 meter freestyle and
very nearly signifiéant (N2 = 29.43 vs 28.89) in 100 meter
butterfly. Also, shoulder extension strength ranked first
in importance by both the regression analysis and the genera-
lity percentage ratings in Both the 100 meter freestyle and
100 meter butterfly strokes.

The number of hours spent on training was not signifi-
cant in terms of swimming performance. Therefore, the hypo-
thesis that the number of hours spent'on training will not
have a significant effect on the level of performance in any
one specific stroke was accepted. In individual sports,
especially those related to the ability to sustain prolonged
work, training becomes the most important factor in the
development of specific physiological parameters for success-
ful performance. The swimming distances in this study were
of short duration or sprinting distances, where skill and

mechanical competency may be more decisive for successful
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participation. Furthermore athletic ability during the growth
period may be related more to genetic factors than to regi-
mented training. Andrew, et al., (1) suggested that the
relative contribution of swimming tra{ning to various physio-
logical parameters is difficult to assess for young athletes.
Some of the group differences in growth combonents may be due
to the factor of endowment or possibly due to higher levels
of physical activity in early childhood. Participants in the
more strenuous events (200 freestyle, 100 butterfly, 200 in-
dividual medley) in this study spent more time on training
than the participants in the other events (Table 19, p. 111).
These events may be considered endurance events for younger
competitors which suggests that more training hours may be
necessary for successful participation. ‘
Throughout the'review of literature various studies
stated that youﬁg athletes exhibited greater anthropometric
and physiologic parameters than their non-athlete peers.
Direct comparisons between other investigations and the pre-
sent study are extremely difficult due to the differences in
testing and control procedures and to the differences in the
basic purposes which ultimately define the manner of presenta-
tion. The parameters most often reported and which often
offer the easiest comparison are height, weight, vital capa-
city and skeletal age. Table 21 illustrates such comparison
between the present investigation and other studies. The
{1lustrated data of this study compares well with the other

studies, however, cannot confidently support the contention
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that young athletes exhibit greater physical profile than
non-athletes. The differances which may be attributed to
training, will perhaps be‘more outstanding in adult years.l
Andrew (1:245) suggested that one cannot say with confidence
to what extent the differences are the consequence of train-
ing or to what extent they may be due to the athletes endow-
ment. It is possible that differences are established by
comparing trained athletes and untrained non-athletes. Andrew
reported comparable heights, up to 12 years of age, for
swimmers and non-athletic groups. Beyond 12 years, however,
swimmers were taller than non-athletic children. Vital capa-
city was réported greater fdr‘swimmers at all ages. This
observation is supported by this study for 12 year old boys.

More studies are required before conclusive evidence
may be presented to determine the relative contribution of
maturational determinants to competitive swimming success for
young swimmers.

The apparent inconsistency of the results and the diffi-
culty of assessment may be explained by the following. Within
the realm of this investigation the swimmers who qualified
for the provincial championship were already successful with
respect to their chronological age group peers. The highly
select nature of the group allowed little variation in the
maturational determinants as reliable factors for successful
performance. Younger competitive swimmers are apt to be more
all-round swimmers and show very limited stroke specialization.

Consequently certain parameters which may have been related to
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one specific stroke more closely than to another were not evi-
dent. The possible onset of puberal spurt, during which cer-
tain physical parameters 'outgrow' one another thus limit
performance ability, may be a factor for consideration. It

is possible that a more varied ability level group may have
demonstrated, with greater difference, the relative importance
of the various maturational determinants for successful swimm-

ing competition.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Summary
The purpose of this investigation was to evaluate the
relationship between swimming speed and selected maturational
determinants. Fifteen independent variables (maturational
determinants) were evaluated against six dependent variables
(swimming speed).
The independent variables included were:

Chrono1pgica1,Age

Skeletal Age

Height

Weight

Vital Capacity

Training

Shoulder Flexibility

Trunk Flexibility

Ankle Flexibility

Composite Flexibility

Shoulder Extension

Knee Extens'ion

Trunk Extension

Ankle Extension

Composite Strength

The dependent variables included were:
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Freestyle (100 and 200 meters) speed

Back Stroke (100 meters) speed

Breast Stroke (100 meters) speéd

Butterfly (100 meters) speed

Individual Medley (200 meters) speed
The 36 subjects involved in the investigation were from
‘twelve competitive swimming clubs who qualified to participate
in the 1970 Alberta Age Group Provincial Championships.' The
subjects were all in the 11-12 year age group as defined by
the competitive swimming regulations. Each subject was tested
once, on all of the independent variables, during the time
period of thé championships. For computational purposes
the averagé scores of the three trials, where applicable,
were utilized. A1l test items were administered to the left
side of the body.

The dependency of competitive swimming on maturational
determinants was evaluated by the stepwise regression analysis
procedure. The maturational factors were chosen into_the
regression modeél on their relative pre¢ictive strength. For
each stepwise regression analysis a prediction equation was
recommended. The precision of the regression equatidn was
based on the ‘'squared multiple correlation' or R2 and the
‘standard error of predicted Y' statistics. It must be noted,
however, that these equations do not predict any particular
level of achievement in competitive swimming.

The generality percentages of the maturational determin-

ants were calculated in an effort to provide a hierarchical




126

order of importance of the independent var1§b1es.

The high, middle and low success groubs, based on swimm-
ing speed, were evaluated by a one-way analysis of variance
method. |

The reliability estimates were carried out by a one-way
analysis of variance with repeated measures model. Exception
to this is the reliability and the objectivity estimates for
skeletal age. These estimates were based on the coefficient
of correlation by the product-movement method.

Relatively close agreement was shown to exist between
the stepwise fegreséion:selection and the hierarchical order
of importance based on generality percentages. Both methods
of analyses emphasized the importance of strength in competi-
tive swimming. Contrary to popular beIief the flexibility
characteristics of swimmers in this study were found to b¢
relatively less important in relation to competitive swimming.
Other popular growth and maturational factors as height, vital
capacity and skeletal age were also indicated as less import-
ant. Weight on the other hand rated:highly among- the matura-
tional determinants.

Large differences were found to exist among the differ-
ent achievement groups. The differences were significant
(P < 0.05) for shoulder extension strength in 100 meter free-
style; for knee extension strength in 100 meter breast stroke;
for shoulder flexibility and composite flexibility in 100 meter
butterfly stroke.

The number of hours spent on training was not signifi-
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cantly different among the three different ability groups.
The higher ranked groups, however, spent more hours on train-

ing than their lower ranked peers.

Conclusions

The following remarks appear to be pertinent for the
competitive swimmers who participated in this study.

1. Based on the recommended prediction equations and
on the order of selection the following maturational determin-
ants may be important for the 11 and 12 year old provincial
caliber boy swimming competitors.

(a) 100 meter freestyle - shoulder extension, training,

knee extension, ankle extension, composite flexibi-
lity, trunk extension, weight, height, chronological
age.

(b) 200 meter freestyle - training, shoulder extension,

chronological age, weight, knee extension, trunk
extension, composite strength, trunk flexibility,
ankle extension.

(c) 100 meter back stroke - trunk extension, ankle ex-

tension, weight, height, chronological age, ankle
flexibility, trunk flexibility.

(d) 100 meter breast stroke - knee extension, trunk

flexibility, weight, trunk extension, chronological
age, vital capacity.

(e) 100 meter butterfly stroke - shoulder extension,

ankle flexibility, trunk extension, vital capacity,
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knee extension, training, weight, trunk flexibility.
(f) 200 meter 1hdfvidua1 mediey - training, shoulder

extension, skeletal age, weight, ankle flexibility.

2. Shoulder extension strength was significantly greater
for the high ability group in the 100 meter freestyle.

3. Knee extensioh strength was significantly greater
for the high ability group in the 100 meter breast stroke.

4. Shoulder flexibility and composite flexibility were
significantly greater for the high ability group in the 100
meter butterfly stroke.

5. Flexibility, contrary to what one may expect for
swimmers, generally rated low among the maturational determin-
ants. The desirability of specific flexibility qualities as
related to specific joint movements was illustrated by its
relatively high ranking in breast and butterfly strokes. It
appeared that more successful swimmers possessed greater
specific flexibility measures.

6. The various strength measurements were the most
important contributors, among the maturational determinants,
to successful swimming participation.

7. Body weight rated relatively high. The effect of
body weight can be considered only with respect to gains in
musculature and consequently strength.

8. Body height had no particular effect on swimming
speed. '

9. Maturity status in terms of skeletal age appeared

to be 1rre1evaht to competitive swimming speed, although the
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participants exhibited a slight acceleration in skeletal
maturation. |

10. Vital capacity rated relatively low among the
maturationa]}determinants.

11. .Training rated relatively high among the matura-
tional determinants. The number of hours spent on training
was not significant among the three ability groups for the
various swimming strokes, although the high ability swimmers
spent more time on training than their low ability peers.

12. It would seem reasonable that the development of
specific strength and flexibility attributes may be profitable
for young age. group swimmers. It is possible that further
evidence, similar to the present study, may eventually alter
the contemporary philosophy of long and fedious hours of water
training by adopting more effective training regimen based on
the development of specific physical and/or physiological
parameters.

The extreme homogeneous nature of the group allowed very
little variability in the maturational determinants among the
subjects, thus limiting the expression of strong conclusions
and recommendations. This was evident by the limited number
of significant differcnces among the independent variables
as measured by swimming performance. Therefore the results
derived from this study should be applied with extreme cau-
tion. Generalization of the observations may only be applic-
able to the population of swimming competitors who are com-

parable in ability and experience to the study sample. It
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appears that the most efficient experience in terms of per-
formance capacity development for young swimmers comparable
to the study sample may not be water training alone. Conse-
quently the contemporary philosophy of 'high pressure' water
training may have to be closely examined and a more a-propri-
ate methodology implemented. Perhaps the development of speci-
fic motor patterns, characterized by the different swimming
strokes, which require specific strength and flexibility qua-
1ities, may be the avenue to a more successful but less
stressful training regimen for young swimmers. It is re-
commended that swimming coaching within the realm of this _
investigation may be more effective by spending more time on
the improvement of the mechanical efficiency of stroke
patterns, by means of specific strength and flexibility exer-
cises, than coaching to develop ability to endure long hours
of water.training. It is also recommended that further study
be initiatedfto éxamfne the deveTopmenta1 patterns of rele-
vant maturational parameters which may enhance performance

capacity.
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April 29, 1970.

Mr. J.S. Kennedy,
Secretary, CASA Alberta Section,
4616 - 109 Avenue,
Edmonton, Alberta.

Dear Mr. Kennedy:

A study is being organized to investigate what physical
maturation aspects of children contribute most to their success
in competitive swimming. The purpose of this letter is to ask
the Canadian Amateur Swimming Association Alberta Section for
germission to conduct this study during the 1970 Age Group

rovincial Championships.

The study involves testing each boy entry in the follow-
ing tests:

1. Strength of one shoulder, one arm, one ankle, and the
trunk. It involves an exertion against a harness, for 2
secgnds, which is attached to a strength measuring instru-
ment.

2. F1exib11ity of the neck, one shoulder, one ankle, and the
trunk. This item measures the range of movement of the
joint and body segments involved.

3. Single x-ray of the.1eft hand. The x-ray will be taken
ay the ?adiology Department of the University of Alberta
ospital. '

4, Breathing capacity. This measures the amount of air an
individual is able to inhale and exhale.

A11 testing will be carried out at the Coronation Park
Swimming Pool. I would like to assure all concerned that the
testing procedure will not interfere with the swimming program,
?or ¥ill it jeopardize the swimming performance of the boys

nvolved.

I personally discussed this project with many of the
coaches, both Calgarians and Edmontonians, who indicated a
keen interest and support for the study. A similar letter,
outlining the proposed procedures, will be sent to all parti-
cipating clubs.
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it is hoped that this study will contribute to the
development of better training practices; by expending our
understanding of some of the mysteries why some childrén are
more successful than others. '

Your kind cooperation will be greatly appreciated.

Respettfully,

~ Jeno Tihanyi,
Principal Investigator.
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| May 19, 1970.

Dear Coach:

Perhaps you recall that some time ago 1 approached you
and solicited your permission to involve your male swimmers
in a study I will conduct during the 1970 Age Grouﬁ Provincial
Swimming Championships. Should 1 have missed speaking to you,
1 apologize and ask you now if 1 may involve your swimmers in
this study. The coaches with whom 1 discussed this stud
indicated enthusiasm and full support. The details of the
study have been now outlined and this letter is sent to you
with the purpose of familiarizing you with these procedures.

First of all I would 1ike to assure you that the testing
procedures will not in any way interfere with the swimming
program, nor will it jeoparidize the swimming performance of
the boys involved. A1l testing will be carried out at the
new Coronation Park Swimming Pool. Would you please brief
your age group boys of the testing procedures so they will
know what to expect, thereby speed up our efforts. The testing
team will be at the pool one hour before the commencement of
the meet each day. You may want to mention this to your
swimmers so any one who could come earlier would be tested .
before the meet began.

Each boy will be tested on the following items:
1. Strength (2 second force against a harness): |

a knee extension

b shoulder extension
¢c. trunk extension

d ankle extension.

2. Flexibility (measures range of joint movement):
a. shoulder
b. trunk
c. ankle,

3. Lung Capacity: the amount of expired air will be measured

by blowing in a measuring container.

4. X-ray of the hand: this will determine the extent of bone
development.
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It is my belief that the outcomes of gtudies such as
this will contribute to the development of better training
methods, and will hopefully provide tentative ex lanations

of why some children are more successful than others in com-
petitive swimming. Should you wish to have more information,
please do not hesitate to contact me.

Thank you very much for your cooperation and I am look-
ing forward to seeing you at the Championships.
Sincerely yours,

Jeno Tihanyi,
Principal Investigator.
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PERSONAL INFORMATION AND PERFORMANCE DATA

Name Club City

Birth Date Skeletal Age

Height Weight Lung Capacity
| Average

e t—————

Hours spent on training:
Hours per day
Days per week
Weeks per year

Approximate total number of hours

Strength: Average

Trunk extension

Knee extension

Shoulder extension

Ankle plantar flexion

Composite

Flexibility: | Average
Shoulder
Trunk (Trunk-Hip)

Hip
Ankle

Composite
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SKELETAL AGE OF INDIVIDUAL BONES

Distél'End of Radius

Distal End

Capitate

of Ulna
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Hamate

Triquetral
Lunate

Scaphoid

Trapezium
Trapezoid

Metacarpal
Metacarpal
Metacarpal
Metacarpal
Metacarpal

€ bt b=t bt Pt
-« b=t =4 .
—t

Proximal
Proximal
Proximal
Proximal
Proximal

Phalanx 1

Phalanx 11
Phalanx III
Phalanx 1V
Phalanx V

Middle Phalanx 11

Middle Phalanx III
Middle Phalanx IV
Middle Phalanx V

Distal Phalanx

I
Distal Phalanx I
Distal Phalanx I
Distal Phalanx I
Distal Phalanx V

I

< -t -t

Pisiform

Adductor Sesamoid of Thumb
Flexor Sesamoid of Thumb

NAME:
X-RAY NO:

MEAN AGE:
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FIGURE 17

Sample Roentgenograph
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FIGURE 17

Sample Roentgenograph
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