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ABSTRACT

A STUDY OF THE INTERRELATIONSHIPS OF SELECTED
MECHANICAL, SKELETAL, AND ANTHROPOMETRIC VARIABLES,
AND SKILLED PERFORMANCE IN THE STANDING LONG JUMP
FOR THREE AND ONE HALF YEAR OLD GIRLS

by Mary Lou Stewart

The purposes of the study were threefold: (1) to delineate
the mechanical, skeletal and anthropometric variables most highly
associated with and divergent from skilled performance through
cinematographical analysis of the entire standing long jump; (2)
to examine the interrelationships of these variables; (3) to pre-
sent descriptive information pertinent to the development of skilled
performance in the standing long jump in childhood education.

The research subjects were 19 Caucasian girls, chronological
ages 40 to 44 months, from the upper socio~economic level of society.
Testing procedures were completed in 1966 at the Merrill Palmer
Institute in Detroit, Michigan. Eight anthropometric measurements
were made; an Xray of the left hand was taken and assessed for
individual bone age and skeletal age by Dr. S. Idell Pyle; a Walker
Compliance Rating, reflecting motivation, was assigned; pediatric
histories of each girl were obtained from the family physician; and
measurements of 35 selected mechanical variables were completed.

Comparison was made between the research subjects and the Wisconsin
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criterion subjects (the skilled performers) on mechanical variables.
This comparison (rank with criterion) was included as a variable.

Complete data which met the standards of the investigation
were available for nine of the 19 girls tested. Three matrices were
developed: mechanical, skeletal, and anthropometric. Distance
jumped, Walker Compliance Rating, and rank with criterion were in-
cluded in each matrix as variables. An elementary linkage analysis
was completed for each matrix, then 33 variables were selected from
the three matrices so a final elementary linkage analysis could be
developed. The data and film record were al;o‘analyzed by inspection.

The major findings of the study, presented within the context
of the limitations of the design, were:

1. Similarities in movement patterns between the research sub-
jects and the Wisconsin criterion subjects were more pronounced
than differences. Except for take—off-angle of the shoulder,
angular measurements in the lower segments of the body were
similar for the two groups as were average angular velocity
measurements of the lower segments, the trunk and the head.

2. Movement patterns which approached skilled performance appeared
to associate with greater physical maturity in terms of an
increase in developmental age of specific bones, and an in-
crease in weight, length and girth measurements.

3. The mechanical variables related to the skeletal and the
anthropometric variables, but the skeletal and the anthro-
pometric variables did not interrelate.

4. Throughout the analyses, a decrease in time spent in force
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application and an increase in average angular velocity of
the thigh during that time associated with skilled performance.
5. Generally, differences found in performance patterns between

the research subjects and the Wisconsin criterion subjects

were arm pattern relationships that could be discerned at

the time of filming.

There are two major implications for structuring teaching
and learning experiences in early childhood education. First, it is
recommended that achievement standards of performance: (a) reflect
variability of individual difference; (b) be constructed in percentile
charts; (c) serve as diagnostic tools for teacher evaluation of specific
developmental levels achieved by an individual child; (d) form the
basis for programming specific activities for the individual child
based on his level of development. Second, it is recommended that
learning experiences be structured for the child to sequentially
develop skilled performance. Using the diagnostic tools described
above to assess status, the teacher would recognize the néxt sequence
of development of skilled performance. A model of sequential devel-
opment of form for the fundamental motor skills needs to be designed.
A suggested model is presented. The beginning stages, occurring
during early childhood education, would be primarily descriptive.
Namely, the experieﬁces would be structured around such questions
as, first, "Can you jump quickly?'", and secondly, "How did you move

your arms?". The use of equipment has been suggested.
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CHAPTER I

THE PROBLEM OF THE RESEARCH

Introduction

Man, in large measure, expresses himself in terms of overt
motor behavior or movement patterns. The development of motor be-
havior is complex and interesting. As Stott (68) has aptly stated,
motor or overt behavior undergoes great developmental changes during
infancy and early childhood. The child must learn what motor skills
he possesses or can possess.

It is through the human achievement of standing and walking
against the force of gravity that the baby, relatively immobile at
birth, becomes an autonomously mobile individual. Once the child has
mastered the skill of walking, other locomotor patterns develop. They
include the run, leap, hop, jump and gallop. The child moves from
milestone to milestone as he progresses from one motor skill achieve-
ment to another.

During the 1920's and 1930's, the child growth and development
specialists documented, in terms of normative patterns, the key age
ranges for accomplishment of the tasks enumerated above. However,
their documentation focused on achievement per se rather than quality

of movement. For example, in the Bayley (5) scale of motor develop-
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ment, the milestones were represented by succinct achievement
standards: pulls self to feet, walks on tip toes, jumps with both
feet. Another difficulty present in earlier investigations was
disregard, at times, for possible contributing variables such as sex,
developmental age, length and girth measurement, and social-cultural
status.

One cannot negate the contributions made by the early inves-
tigators. The need now is for an extension of their work in terms
of apprai sing the neuromuscular efficiency of the child and his degree
of skill in performing the task. Hellebrandtet. al. (43:23) have
summarized the problem as follows:

Much of the motor growth and development information
available in the literature is descriptive. Furthermore, the
picture is drawn with broad strokes that present changes in
the form and character of performance in the most general terms.
Too little consideration has been given to the evolution of
those spatial and sequential components of neuromuscular pat-
perning which grant to purposeful movement the qualities so read-
ily recognized a skill....

One technique which presents opportunities for detailed analy-
sis of the quality of movement by yielding quantitative data is that of
cinematographical analysis of the mechanics of movement. In many ways
movement in the human body, which operates largely as a third class
lever system, is analogous to that of a machine. The laws of physics
can be applied to human motion both on a theoretical and a practical
basis. 1In the latter case, film records can be obtained of perform-
ance and a frame by frame mechanical analysis can be conducted on the
cinematographical data. Bunn (12:275) has explained the procedure.

The direction of movement, related body movements,
sequence of movements, speed, force, distance, angles, condi-

tions of equilibrium and so forth may be determined directly
or indirectly by means of the analysis of motion pictures.
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The present study has focused on one aspect of human movement,
the development of a specific motor pattern, jumping, in young girls.
The jump was selected for study for a variety of reasons. Jumping is
recognized as one of the fundamental locomotor activities in physical
education; elementary games, team sports, stunts, tumbling, gymnastics,
dance, diving, and track and field demand jumping skill. Investiga-
tions of jumping represent an extensive area of inquiry. Studies such
as the present one must of necessity be delimited in scope. The
standing long jump, a structured form of jumping, was selected for
filming at an age shortly following inchoation.

From the practical point of view, the action in this skill
occurs in the sagittal plane and lends itself to filming with one
camera. The standing long jump is a complex, developmental motor
task involving the projection of the center of gravity through space.
Because of its complexity, this activity offers opportunities for dif-
ferentiating distinct skill components, such as velocity of levers;
these can be related to such selected developmental factors as bone age.

The standing long jump has been included in many physical
fitness and motor ability tests from first grade through college. A
partial listing would include the American Association for Health,
Physical Education and Recreation Youth Fitness Tests, the Army Air
Force Physical Fitness Test, the Cozen's Test of General Athletic
Ability and McCloy's General Motor Ability Test (52). Carpenter (13)
reported a coefficient of correlation of .80 between the standing
long jump and eight other tests of motor ability for primary age girls.
The standing long jump was one of three measures which became the basis

for her general motor ability test in the first three grades. 1In



Fleishman's words: (29:73)
....it is encouraging that our results confirm the
superiority of many widely used tests (Broad [Long] Jump,
Pull Ups, Softball Throw).
Little information exists concerning emerging movement
patterns in the standing long jump. The lack of information extends
to the interrelationships of the motor patterns and the developmental,

anthropometric, and social-cultural variables in this basis motor

skill.

Statement of the Problem

This study was designed to investigate the interrelation-
ships of selected mechanical, skeletal, and anthropometric variables,
and skilled performance in the standing long jump for three and one
half year old girls. The purposes of the study were threefold:

(1) to delineate the mechanical, skeletal, and anthropometric
variables most highly associated with and divergent from skilled
performance; (2) to examine the interrelationships of these
variables; (3) to present descriptive information pertinent to the
development of skilled performance in the standing long jump in

early childhood education.

Limitations

1. Sample size. An effort has been made in this exploratory
study to carefully control variables that could affect performance
results and determination of physical developmental status. Chrono-

logical age, sex, race, socio-economic classification, investigation
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of health history and ability to execute a bipedal take-off were
considered and controlled; this resulted in a limitation of the
sample size to nine children.

2. Cross sectional research. In cross sectional research, a child

is measured (or filmed) once and comparison usually is made against
a mean value. "Such studies cannot, however, give us the informa-

tion we need when it is change or velocity in development which we

wish to investigate (27:17).

3. Mechanical variable measurement. Limitations exist in the mea-

surement techniques of mechanical analysis. Measurement technique has
not been standardized. When movement out of the sagittal plane
occurred to a marked degree in "his study, analysis was based on
inspection. Determination of segmental inclination, on which

average angular velocity is based, was difficult at times because

of the roundness of body contours and the impediment of clothing.

If variations in movement of the right and left side of the body were
evident, the body segment closest to the camera was measured; no body
part obscured another to the extent that measurement could not be
made. Ossification of the bone landmarks is not complete at three
and one half years of age and as close an approximation as possible
was made in delineating bone landmarks.

4. Anthropometric measurement. Anthropometric measurement techniques

should be based on internationally accepted standards, and in so far
as possible, this was done. The children could not be measured nude
and five of the eight measurements were made over clothing. This

probably contributed to measurement error. Determination of degrees
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of pronation and inward rotation of the patella was subjectively
based on appraisal by the investigator.
5. Motivation. Dammann (18) found attitude in the completion of
a stair-climbing task was related to chronological age. Since
motivation may affect performance, the Walker Compliance Rating
was included as a variable in this study to reflect motivation in
terms of reaction to and enjoyment of the total testing situation.
One never knows if a child refuses to participate because he can-
not or will not perform. Walker (71) discussed the necessity of
specifying difficulties encountered with childhood negativism in
reporting research. In the present study, five children irrevocably
refused to cooperate and could not be recalled for testing. Their
scores are not included in the Walker Compliance Rating.1 This
rating was administered by the investigator without the corrobora-
tion of another adult.

6. Power/Strength measurments. Theoretically, Bunn (12) and Broer

(9) have specified the importance of leg strength in the standing
long jump. The measurement of strength presents problems. Fleishman
(29) identified four strength factors: dynamic, static, explosive
and trunk strength. The factor loading of the standing long jump

on dynamic strength was .35; on explosive strength, .66. Explosive
strength was defined as the "ability to expend a maximum of energy

in one explosive act." (29:64-67) One important finding was that
explosive strength is independent of particular muscle groups.

Strength tests were excluded from the present investigation for two

IThe Walker Compliance Rating Scale can be found in Chapter III.
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reasons: the lack of instrumentation like Metheny's (59) "Dyna:

The Hungry Duck" that would appeal to children and the difficulty of
measuring explosive strength with a tensiometer. The design of streng-
th measurement techniques for use with young children represents an
extensive area of inquiry in itself.

7. Statistical treatment of the data. A cluster analysis was devel-

oped from an intercorrelation matrix based on one sample. One should
expect some degree of significance of correlation coefficients to be
caused by chance alone (42:576). Hays also says: (42:510)

A related problem with the value of ryy in a sample has
to do with selection of cases to appear in the sample, and in
particular with systematic restriction of range of X (or Y)
values that appear. This introduces a bias in the value of
Iyy.... the absolute value of the correlation coefficient

tends to be lowered by the introduction of such systematic
selection.

Definition of Terms

Growth represents 'observable increments in general body
size including changes in length and weight of the body or body
segments, alterations in the tissue components, and changes in the
internal organs." (63:442)

Development refers to those "manifestations of physical
growth reflected in the expanding functional powers and adjustment
capacities of the growing organism." (63:442)

Maturation is a process representing attainment of maxi-
mum functional capacity of the various body systems.

Standing long jump denotes a structured form of the skill

of jumping in which the individual stands with his feet together
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on a mat and on a signal projects his entire body through space,
for distance, by pushing off with both feet simultaneously. The
bipedal take-off from the supporting surface differentiates the
jump from the hop and the leap.

Mechanical analysis or cinematographical analysis refers to

the process of frame by frame film appraisal in which measurements
and computations are made of the position of various body segments
and the body as a whole as it moves through space, in time, with
direction and force. 1In this pragmatic approach, one deals with an
actual film record and obtains interval data.

Theoretical mechanical analysis is the application of the

laws of mechanical physics +¢o0 human motion in the standing long

jump.

Distance jumped, the measurement of achievement in the

standing long jump, is measured on the film record and represents
the shortest distance between the take-off mark and the point of
contact with the mat of the body segment landing closest to the
take-off mark.

Criterion measure or skilled performance is the filmed

record of standing long jump performance showing the component
movement patterns of two, skilled, sixth grade girls in the jump.
Determination of degree of skill is based on comparison of distance
jumped with national norms (29).

Key reference point frames are specific frames in the

motion picture film record. They include the following:

1. 1Initial standing position frame is the last frame in which
the angles at the hip and knee stay constant before decreasing
as action begins.
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2. Depth of crouch frame is the frame in which the distance
between parallel lines on a grid passing through the top of the
head and the bottom of the feet is the shortest as the child
crouches in preparatory action for power application. If more
than one frame shows the same measurement, the reference frame is
the one in which the sum of the angles at the hip, knee and ankle
are the smallest.

3. Take-off frame is the last frame in which any part of the foot
is in contact with the mat before flight through the air begins.

4. Height of parabola frame is the frame in which the "center of
gravity" mark on the crest of the ilium reaches its highest point
during flight through the air.

5. Landing frame is the first frame in which some segment of the
body contacts the mat following flight through the air.

Phases are the divisions of one standing long jump into spe-
cific groupings of film frames. The groupings are:
1. Phase I includes the frames from the initial standing posi-
tion frame to and including the frame immediately preceding depth

of crouch frame.

2. Phase II includes the frames from the depth of crouch frame
to and including the take-off frame.

3. Phase III includes the frames from that immediately following
take-off frame to and including the landing frame

Mechanical variables represent the measurements and computa-

tions made from the film record at specific reference point frames
in the performance of the standing long jump. They include:
1. Angular measurements at the shoulder, hip, knee, and ankle.

2. Average angular velocities of the arm, trunk, thigh, leg,
foot and head.

3. Acceleration,force, angle of projection, and velocity of
projection of the total body at take-off. These variables are
computed by measuring changes in the center of gravity of the
body which is located slightly higher in three year olds than in
adults. "Center of gravity" in the present study is a point in
the sagittal plane on the crest of the ilium just slightly
anterior to the midpoint of the child's body.
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4. Time factors: ratios of various phase times to total jump
time; time before take-off when the lower arm reaches its maxi-
mum vertical height; time of maximum angular velocity of the
lower arm before take-off; and time airborne.
5. Ratio of depth of crouch height to initial standing height.
6. Distance jumped.

A complete listing of the mechanical variables can be found in Ap-

pendix A.

A maturity indicator in the broad sense is "an identifiable

point or stage in the development of a structure (or function) which
occupies a fixed position in a series." (68:72-73) 1In the skeletal
system, maturity indicators are the "regular series of changes in
form that characterize successive stages of [a bone's] progress
toward maturity." (37:34)

Skeletal assessment is the process by which a roentgenogram

of a particular child is compared to a radiographic standard of
reference for the purpose of determining bone age.

The Greulich and Pyle Radiographic Standard of Reference

is based on a series of roentgenograms of the hand and wrist of
about 1000 healthy children from Cleveland, Ohio. All were white.
While this population of children came from a variety of socio-
economic levels, the majority of them were from comfortable homes
and better than average health circumstances. This standard (37)
consists of two series of films: the male hand and wrist and the
female hand and wrist, respectively. Each film represents the
median skeletal developmental level in a particular chronological
age array of 100 films which do not vary by more than two percent,

chronologically speaking. Since the median is obtained by ranking
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osseous features of bones individually, for further specificity,

the authors have named each standard film the "anatomical mode."

Skeletal age or bone age represents the arithmetical aver-

age of the assessed ages of each individual bone of the hand and
wrist showing ossification in the roentgenograms of the hands of

the girls participating in the study. Determination is based on com-
parison with the Greulich and Pyle (1959) Standard of Reference.
Individual bone ages in this study are the assessments of Dr. S.
Idell Pyle.

Skeletal variables are the assessed ages of each bone in the

hand and wrist showing ossification in the roentgenograms of the
hands of the girls participating in the study. Skeletal age is also
included as a skeletal variable.

Anthropometry is the "systematized measurement of man."

(61:146) and is based on internationally accepted standards.

Anthropometric variables are the following length, girth

weight measurements and foot and leg deviations of the girls in the
present study:

Standing height

Weight

Erect sitting height

Bicristal width

Knee height

Thigh length

Degrees of inward rotation of the femur viewed at the patella
Degrees of pronation of the foot

coNoONULPH WD -



CHAPTER II

THE RELATED LITERATURE

The review of literature related to the present study will
be presented under six headings: (a) jumping, (b) cinematographical
analysis of the standing long jump, (c) sex differences in jumping,
(d) skeletal assessment, (e) anthropometry, (f) social-cultural

factors.

Jumping

In the jump, the body is projected upward or forward into
space by a bipedal thrust against the supporting surface. The land-
ing can be made on one or both feet. Previous to the time a child
learns to jump, all his efforts have been directed at the propulsion
of pushing of one foot against the supporting surface and landing on
the opposite foot as in the walk and run. Since the jump involves
momentary suspension in the air, some investigators believe it is
closely related to the ability to descend stairs (43, 14, 26).

To jump, two concepts must be developed by the child and
integrated into the motor system: a bipedal take-off and suspension
in the air. Espenschade and Eckert (26) consider the standing long

jump with its two foot take-off and landing the most difficult form

12
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of jumping. In the present investigation, girls who were unable to
jump did a leap. The concept of suspension in the air was present
but that of the simultaneous push with both feet was not. Film anal-
ysis has shown another factor is involved in skilled performance of
the standing long jump: the deliberate move toward imbalance just
prior to take-off caused by the thrust of the center of gravity of
the total body beyond the base of support.

As the ability to jump emerges in a child's motor skill
repertory, many forms of jumping can be observed: in place, off an
elevation, over an obstacle, and for attainment of distance.

The early studies focused on achievement based on the abili-
to to perform the activity and the skill in attaining a specified
distance. Several purposes were implied in the design of the investi-
gations. One intent was the consideration of jumping ability as a
parameter which could be compared with other parameters such as intel-
ligence and physical growth. Cunningham (17) organized an experi-
mental series of motor tasks with the purpose of viewing gross motor
coordination as distinct from general intelligence and physical
growth. In the group of 100 children, ages 12 to 42 months, it was
noted that more than 50 percent could execute bipedal jumps from an
elevation eight inches high by 36 months of age.

Another category‘of studies was directed at specification‘of
scales and '"curves" based on chronological age to show normal range of
achievement in various motor skills, including jumping ability.

"Motor milestones" or sequence of stages of motor achievement could
be identified following development of the scales of age. The scales

could also be the basis for appraising a child's total functioning
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ability and/or determining a particular child's variance from the
"norm" performance.

Neuromuscular functioning does indeed involve the whole

person.... Piaget (1952), in tracing the development of mentality
in children, refers to the first 18 months to 24 months of life
as the "sensorimotor period". During this period the child's

activity becomes progressively more complicated, more controlled,
deliberate.... The baby's reaching for and grasping of an object
held before him involve cognitive awareness. Such acts obviously
are directed visually and with awareness and intent. The level
of his mental development, however, is judged objectively in
terms of the outcome -- the quality of his motor performance.
(68:120)

The hurdle jump was designed by Cowan and Pratt (15) as a
developmental diagnostic test of motor achievement. The researchers
believed maturation was the determining factor in influencing the
height achieved in the jump. 1In order to attain a specific score,

a child had to take-off and land with both feet together while per-
forming a standing long jump over a bamboo pole which rested on high
jump standards. Cowan and Pratt found, in developing a scale similar
to the Gesell Grading System,that at 48 months of age, a child would
score below C, and could be considered retarded in motor development
if he was unable to jump over the pole at the height of three and one
half inches.

The California Scale of Motor Development, consisting of 76
items arranged in order of difficulty, each with its age placement,
was developed by Bayley in 1935. The Scale included such abilities as:
walks sideways, stands on one foot alone, jumps from a chair. The
Scale is now out of print and is presently being revised (7). 1In

scoring, cumulative points are obtained for what the child passes and

each child's score is related to the mean and standard deviation of
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points attained by children the same age. The jump sequence and age

placement, adapted from Bayley (5) is as follows:

1. Jumps off floor, both feet 28. mo
2. Jumps from chair 32.1 mo.
3. Jumps from height of 30 cm. 37.1 mo.
4, Distance jump, 36 to 60 cm. 39.7 mo.
5. Jumps over rope less than 20 cm. high 41.5 mo.
6. Distance jump, 60 to 85 cm. 48.4 mo.

Another Motor Age Scale was developed by McCaskill and
Wellman (53). Specific activities were grouped into four main di-
visions: steps and ladders; ball aggivittes; jumping; hopping and
skipping. Motor Age represented the median or point at which 50
percent of the children achieved a given score on a battery. Scores
were assigned to various stages of each skill according to the per-
centage of children at each age who passed them. For example, in
the jumping group, jumping 18 inches, alone, with feet together at
37 months of age was assigned a score of 3.

Gesell and Amatruda (35) set the "norm" for the jump with
both feet in place at 30 months of age on the Developmental Schedule.

Recently Frankenburg and Dodds (31) published their Denver
Developmental Screening Test designed for early detection of delayed
development in children. One hundred five test items were finally
selected from a battery of 12 developmental and preschool intelli-
gence tests, and were administered to 1036 Denver children between
the ages of two weeks and 6.4 years in an effort to find the percent-
age of children in each age group passing each item. In the standing
long jump, the percentile achievements were as follows: 25 to 50 per-
cent of the boys and girls could long jump at 24 to 33 months of age;
75 percent could achieve the skill by 36 months and 90 percent were

successful by 39 months.
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An additional category in the early investigations involved
detailed study of the effects of special practice. 1In 1935, McGraw
published her well known study of Jimmy and Johnny. In the years
following the investigation it was found the boys were not mono-
zygotic twins. Under careful experimental conditions, one baby,
Johnny, acted as the control and was restricted in activity. Jimmy
was stimulated at frequest intervals in the activities he was
capable of performing at the time. The program began at age 20 days.
The practice of jumping off a pedestal to a mat was instituted when
Jimmy was about 14 months old. At approximately 17 months of age he
could jump spontaneously off a stool 14% inches high. Johnny never
jumped during the experiment but instead cried intensely as he stood
on the stool.

The last category of the early investigations includes, to
the author's knowledge, one study. The Gutteridge (38) research was
baged on direct observation of children in a natural setting as the
youngsters engaged in their usual play occupations. Gutteridge found-
that jumping frcm a high to a low level was in evidence from 24 months
of age on. At three years of age, 42 percent of the children were
rated as jumping well which meant their movements were well co-ordina-
ted; there was evidence of accuracy, poise, grace and display of satis-
faction. The ratings were based on observations of jumping from
heights and over obstacles 12 to 36 inches high.

It is hoped this review of literature has not given the
impression that the ages for accomplishment mentioned thus far were

to represent rigid, inflexible standards. The above named researchers



17
were well versed in knowledge of children and probably would have
subscribed to the interpretation of Gesell and Ilg (36) who called
specific tasks like "jumps with both feet in place", growth gradi-
ents.
The gradients are intended to show the overall develop-
mental sequences of behavior rather than rigid standards of
expectancy. Individual differences are too great to permit

rigid standards rigidly applied. Generous allowances should
be made for age variations. (36:221-223)

Cinematographical Analysis of the Standing Long Jump

Pragmatic investigation

As defined in the first chapter, the mechanical or cinemato-
graphical analysis of the standing long jump can be appraised from
two points of view, the pragmatic and the theoretical. Both app-
roaches have provided bases for selection of mechanical variables in
the present study. Variables and measurement techniques are mention-
ed in the following review of literature.

The first of the analytical studies of the jumping of young
children was that of Wilson in 1945. Fewer than ten four year olds
were included in this study, an investigation of the three forms of
jumping: the running jump, the standing long jump and the vertical
jump for children ages four through 12. Wilson used cinematography
in her investigation. The camera, with telephoto lens, was position-
ed 150 feet from the subject; the children were filmed at 24 frames
per second and wore outdoor clothing; the investigator resorted to
observation to determine arm action. Five angular measurements at

each of four reference points (crouch, take-off, crest of flight
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and landing) comprised the mechanical analysis.

At the time of the Wilson research, measurement techniques
were not as refined as later nor was individual segmental position
specified to the extent observed in later studies. Optimum depth of
crouch "angle" was given in the results without designation of which
articulations were included. Take-off angle was measured with the
vertical at the back of the hips. These limitations can be under-
stood since this investigation represented a pioneering effort.
Wilson found no particular pattern at the crest of flight peculiar
to the best or poorest jumpers. She also advanced the theory that
any difference in jumping ability among the more highly skilled
above the five year age level could be attributed to differences in
strength and explosive power rather than movement pattern (76:56).

In Halverson's study (39) as reported in Dissertation

Abstracts, five year olds were filmed performing the standing long
jump. The 32 kindergarten children were put into age and sex
groupings. Each sex group was then further divided into two skill
groups on the basis of jumping ability. Each skill division was
randomly assigned to practice and non practice groups. Films were
taken of the standing long jump before and after a two week practice
period in which each practice subject was given 20 minutes of guided
practice on five occasions.

Significant differences for the following variables were
found between ability groups on initial and final filming: total
distance jumped; range and speed of the movement of the knee just

prior to take-off; angle of the trunk with the horizontal at thigh
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perpendicular; and position of the trunk and thigh at take-off.
Velocity and angle of projection of the center of gravity distin-
guished between groups in the initial film record only. The angle
of projection of the center of gravity for both groups was below a
theoretical best angle. As skill increased, angle of projection
decreased.

Hellebrandt, et. al. (43) filmed six preschool boys in their
study of the standing long jump. Frame by frame performance of these
boys was studied by inspection from films covering a period of four
to seven consecutive months. Records of threg of the preschool boys
were reported. The youngest boy was 14 months old when observation
began. Detailed analyses for the other two boys were presented for
ages ranging from 30 to 43 months. The first halting efforts of
one boy's jumping which involved a step off an elevation, were dir-
ected toward maintaining balance. "At 21 months of age, this child
could move the center of gravity of the body as a whole sufficiently
forward to evoke autonomous ankle joint extension before take-off
from a low stool." (43:16)

Hellebrandt, et. al., essentially stressed three character-
istics observed in the early phases of jumping. The first was the
ability of the boy to restore balance following flight so the integ-
rity of the weight bearing segments could be maintained. Degree
of propulsive force engendered was dependent on this ability to restore
balance.

The second was the progression in arm motion. Ipitially the

arms and shoulders were retracted during take-off and flight. This
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became a "full blown 'winging' pattern as the arms were moved behind
the body to shoulder height, reaching culmination in one child's per-
formance at 41 months." (43:18-19) At 43 months of age, this same
boy first attempted to swing his arms forward during force application.

The researchers also inspected the films taken by Halverson
(39) of kindergarten children and found the arms were used as "equili-
brators": '"abduction at the glenohumeral joint was common and often
more marked than humeral advancement." (43:19) 1In addition, the
investigators inspected the films from the Longitudinal Study con-
ducted by the Department of Physical Education for Women at the
University of Wisconsin. The investigators found the pattern of
using the arms as stabilizers persisted through the elementary school
years in most of the performances analyzed. Some "winging" also
appeared in these years. The forceful, upward; adult male arm swing
involving complete elbow extension and shoulder joint flexion at
force application was not found in elementary school aged boys al-
though one skilled boy closely approximated this pattern.

The third characteristic component observed in preschool aged
boys was that of head motion. This motion consisted of dorsiflexion
during preparatory crouch and ventroflexion as the legs extended for
take-off once the concept of jumping for distance was established.

At the crest of flight, the "chin in" reached maximum position. The
head then dorsiflexed slightly to expedite leg flexion which absorbed
landing jar. The purpose of the head motion, according to the
researchers, was to "expedite the limb positioning which is most

advantageous" by "secondarily evoking the tonic neck reflexes." (43:20)
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These researchers discussed the necessity of differentiating
between a simple execution of the standing long jump and the forceful
projection of the body through space for horizontal distance. The
latter, for them, "implied exercise of will and a desire to put forth
maximal effort." (43:23) This is a crucial point and differenti-
ation is difficult to assess. Their conclusions were:

There is nothing in our study which proves that the in-
creasingly efficient utilization of the arms to add momentum to
the jump is a learned modification of a more elemental respunse,
proceding under cortical direction. It may be no more than the
last of a series of spontaneous changes unfolding in response to
endogeneous directional forces but affected to a significant
degree by opportunities for practice. It remains for us to
determine what aspects of the neuromuscular patterning associated
with the execution of so called willed or purposive movement are
amenable to modification other than the autonomous modulation
induced by gradation in the severity of the effort. (43:24)

More recently, Waterland (72) focused her research on this
problem in studying the autonomous head and shoulder girdle pattern-
ing in the standing long jump. Waterland defined this patterning
as supportive phenomena in the conjecture that skilled movement results
from the integration of willed and supportive processes where stress,
causing increased sensory input, might be the agent responsible for
evoking the mechanism.

Waterland (72) compared five highly skilled and five unskilled
college freshmen women in the standing long jump. The measurement
technique involved multiple light chronocyclegraph photography sup-
plemented by one stroboscopic picture during filming. The skilled
subjects performed three maximal, three moderate and three minimal

jumps. The minimal jumps of the skilled women and of the unskilled

women were remarkably similar. 1In general, it was noted that limited
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mobility of all body segments was present; the arms were held close to
the body with a hint of the "winging'" pattern discussed previously; the
head and shoulder girdle (a supportive component) showed only minimal
changes; a marked agmmetrical positioning of the extremities included
one footed take-offs. "The skilled subjects suppressed the supportive
components of willed movement.'" (72:21)

Eckert (25) studied the interrelationships of strength and
angular measurements during the power application phase of the standing
long jump of elementary school boys. She found statistically signi-
ficant relationships existed at the hip between isometric extensor
strength and angular velocity at the point of maximal angular accel-
eration and at the point of maximal angular velocity.

Zimmerman (78) and Felton (28) each compared the standing long
jump performances of highly skilled and unskilled college women. Ten
students were in each category in the Zimmerman investigation, five
in the Felton research. Zimmerman analyzed the entire standing long
jump and divided it into phases. Phase time for each jumper was
recorded. Zimmerman observed greater joint action throughout the jump
at the ankle, hip, knee and shoulder among the skilled. The results
reported by Felton substantiated those of Zimmerman. The skilled
women had greater speed of projection developed by greater range and
speed of joint action during force application; a lower angle of pro-
jection because of greater lean at take-off (210); a more horizontal
leg position on landing; and a lower position at landing permitting

longer time in flight.
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Theoretical basis

Theoretical mechanical analysis represents an application of
the principles of mechanical physics to human movement. In the stand-
ing long jump, the principles have been well defined.

....The problem is not only to produce sufficient force
to overcome the inertia of the body and gravity's pull, but also
to control the angle at which this force is applied so that the
desired purpose is fulfilled. The force that projects the body
into space must be exerted by the muscles of the body. It is
produced by quick contraction of the extensors of the legs aided
by a forceful arm swing (9:152).

Bunn (12) and Broer (9) discussed the factors influencing the
depth of crouch at the height of the preliminary backswing of the arms.
Bunn believed the bend of the knees in the preparatory motions should
not be extreme and should be in direct proportion to the strength of
the leg muscles (12:118). Broer concurred with additional explanation:

A deeper crouch puts the extensor muscles on stretch and
gives a greater distance over which acceleration is possible.
However, since the body must be lifted through the distance that
it is lowered, more work is done when a low crouch is used, and
the angle of muscle pull is also changed, The optimal depth of
crouch, therefore, depends upon the strength of the leg muscles.
(9:152)

The purpose of the preliminary backswing of the arms is to put
the arms in such a position that the swing forward can be executed
through as long an arc as possible thus transferring to the body the
momentum of the arms (12:117). The arm swing also helps control the
take-of £ angle of the center of gravity which should move in front
of the feet as they thrust down and back (9:155).

Proper leg and foot alignment is necessary to insure insta-

bility in the forward direction only and to provide force exertion
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that passes straight through the joint. The legs should be placed
hip width apart and the toes should be pointed straight ahead to
avoid inward and outward components of force application (9:154-155).
During the action of the standing long jump, the body is
projected through the air and is subject to the laws governing pro-
jectiles. The objective is attainment of distance and the following

formula should apply: R =¥0 sin 29 (12:28)
-3

This formula for distance is not really applicable since the center

of gravity of the body drops below take-off level in landing. Bunn's
correction (12:33) does not completely solve the problem since it is
based on the distance between the foot and the center of gravity re-
maining constant for both take-off and landing. Take-off velocity of
the center of gravity, angle of projection of the center of gravity,
and the acceleration of gravity, a constant for a specific place, are
the keys to skilled performance according to the formula.

With these limitations, the optimum take-off angle specified
by Bunn (12:34) is 40 degrees; by Broer, 45 degrees (9:155). Tricker
and Tricker (69) have discussed the fallacy of the 45 degree angle

recommendation:

The one thing which is certain is that the 45 [degree]
angle for maximum range of elementary mechanics textbooks has
nothing to do with the case. This theory is worked out on the
assumption that the velocity of projection remains constant as
the angle of projection is varied and this will manifestly not
be the case in the long jump... as the angle of projection is
increased the velocity of projection will decrease since the
body muscles have then to act against the pull of gravity. (69:228).

The authors go on to say that the optimum angle may vary from person

to person.
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Velocity of projection of the center of gravity can be com-
puted by using the formula, Vg = : Sgg once distance (d) has
been measured on the film. As Cooper and Glassow point out (14:157),
the importance of knowing V5 is its value in computing the force de-
veloped at take-off.

This force is dependent in part on the nature of the sup-
porting surface and the coefficient of friction between the feet and
that surface. The reaction of a mat to the thrust of the feet would
not be as great as the reaction of a beatboard to the thrust of the
feet. Frictional force on a mat, however, might be greater. One of
the limitations of theoretical analysis is the inability to determine
mass of separate body segments, mass being a necessary variable in the
computation of angular momentum.

Once the body is airborne in the standing long jump, the law
of conservation of angular momentum can be applied.

Once the [jumper] has left the ground there is nothing
he can do to increase his forward acceleration, but he can affect
the distance achieved by changing the configuration of his body
and the relative position of the partial masses.... movements may

rotate the hips backward and give greater forward reach with the
legs (64:395).

Tricker and Tricker (69:229) state the neuromuscular task involved:
The problem the long jumper.... has to face is that of
getting his heels as far forward as possible on landing, without
entailing his having to sit down in the pit.
The feet, behind the hips on take-off, must be swung forward to catch
the body weight on landing (9:156). Theoretically, a backward swing
of the arms while airborne would assist in the leg swing forward, and

on landing, the arms could then be swung forward to add momentum as

the trunk moves forward over the feet. Broer says: (9:156)
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This is a difficult co-ordination to perform in the
short time available and it is questionable whether any but
the most highly skilled will be successful in its use.
The distance in the jump can be increased by extending the
reach of the legs just before landing. Cooper and Glassow (14:157)
believe the key to the leg reach is the position of the thigh on
landing: the more horizontal the thigh, the more skilled the jumper.
For safety, kinetic energy (1/2 mv2) must be lost gradually to pre-
vent injury. This is accomplished by landing on the balls of the
feet on a soft surface followed by immediate flexion in the ankle,

knee and hip (74:505). Stability is maintained by swinging the center

of gravity up over a sufficiently large base of support.

Sex Differences in Jumping

No statistically significant difference was reported in the
literature regarding sex differences in the jumping ability of young
children. Cowan and Pratt (15) found the existing difference, which
was slight, favored girls up to age seven in the ‘hurdle jump. In
the standing long jump, Hartman (41) found girls were slightly su-
perior and Wilson (76) reported the median distance jumped by girls
was greater than that by boys.

At ages five, six and seven years, Jenkins (46) reported the
mean distance jumped by boys was greater than that of girls at the
same chronological age but less than that of girls of the next older
age group. Halverson (39) noted that five year old boys tended to
have a slightly better mean score on distance jumped but in few cases

was it statistically significant. However, in skeletal growth, girls
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mature at a faster rate than boys. On this basis, rather than per-

formance, sample selection in this study was restricted to girls.

Skeletal Assessment

If one is interested in knowing how motor patterns change
with age as the child grows and develops, age becomes a key factor.
Considerable disparity between individuals may exist within a
chronological age because different children have different matura-
tional rates. 1In the determination of physical development, or the
assessment of what is basically an internal phenomenon in the human
body, the difficulty is especially acute in the United States.

As a people we are very heterogenous in national, and to
some degree, in racial origin.... In addition, and perhaps more
important, there is almost every possible mixture between these
and numerous other strains that compose the population of the
United States.... There is another factor which makes it dif-
ficult to determine the developmental status of children from
their age, height and weight alone. The existence of early
maturing as well as late maturing strains in our population makes
for wide difference in the age at onset of puberty (37:1-2).

Skeletal assessment was included in this investigation so
children in the study could be placed on as definitive a yardstick
of physical development as possible. Also, association could be
established between physical development and neuromuscular skill on
a basis other than that provided by age, height and weight.

In 1904, shortly after the development of radiology, J. W.
Pryor published his studies of Xrays of children's hands. He be-
lieved bones in the female ossify in advance of those in the male;
ossification is bilaterally symmetrical; variation in ossification

can be genetically determined. The latter point still represents an

area of controversy in skeletal assessment today (1:466). 1In 1909,
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T. M. Rotch, after working with Pryor and analyzing 1,000 cases,
advanced his theory that the wrist may be accepted as a fairly ac-
curate index of general development (1:466).

If the wrist can be considered to include the hand, subse-
quent research has generally substantiated the earlier conjectures
except for the one regarding genetic determination. 1In the hand,
fusion in distal phalanx II in the female occurs very near the date
of menarche and can be substituted for iliac crest ossification (11).
Based on a computer programmed intercorrelation matrix of data from
the Fels Research Institute longitudinal study, Garn (33) reported
that for males the bone of greatest utility, yielding the most
information on present or future skeletal status, is the epiphysis
of distal phalanx V of the hand. Garn's report was based on onset
of ossification - the time of first appearance of the particle of
hard bone in the cartilaginous bone model and includes study of 73
bones. In females, the epiphysis of metacarpal III has the third
greatest information value; the patella and epiphysis of the distal
segment of the first toe are first and second,respectively

Cost, expense, and time are diminisﬁed if a roentgenogram of
thie wrist can be substituted for a series of Xrays of various sections
of the body. They can be further decreased if biiateral symmetrical
development occurs. Dreizen, et. al. (23) found that Ehe difference
between the skeletal ages of the two hands exceeded three months in
only 13 percent of the 450 children studied and more than six months
in only 1.5 percent of the cases. Baer and Durkatz (2) reported the

same bones are involved when either the right or left hand is
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maturationally advanced. Specific centers of ossification did not
exhibit different bilateral trends.

Following World War I, attempts were made to relate the cal-
cification process as viewed in roentgenograms to chronological age.
In the words of Acheson: (1:467)

the bones themselves were the yardstick, a yardstick of
biological stages to which time was related as a dependent vari-
able.

It was T. W. Todd, perhaps with insight from the work of
Hellman, who achieved the major breakthrough in skeletal assessment.
The first step in his work involved recognition of determinators of
maturity, later called maturity indicators1 by Greulich and Pyle (37).
Secondly, in an extensive, carefully controlled longitudinal study,
Todd related the maturity indicators experimentally to a population
of normal children in Cleveland, Ohio.

The basic procedure involved sequential arrangement of the
films in increasing order of maturity for each sex and each chrono-
logical age group of 100 healthy children. Chronological age and
examination date did not vary in these children by more than two per-
cent. The films chosen as a standard were most representative of the
anatomical mode of the particular array. The standard film was then
assigned a skeletal age so that time between skeletal ages was com-
parable to time between chronological ages (37:31-32).

Acheson (1:470) has indicated his measure of respect for the
"Cleveland Atlases" which have been twice revised since their original

publication by Todd:

1 Maturity indicators were defined in Chapter 1,
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Because of the care and thought that have gone into
[the] compilation of [the Atlases] and the expertise of their
authors--in particular Dr. Idell Pyle, who was a pupil of
Todd's and who has made the preparation and publication of
these atlases her life's work--they hold a place among
standards of reference in child development that is unlikely
to be challenged.

Other skeletal assessment procedures exist. Two of the
best known are the Oxford Method and the Tanner-Whitehouse-Healy
Method. Both are essentially based on the concept of maturity
indicators and each attempts to weigh the contribution of various
ossification centers through the development of a specified scor-
ing system. Detailed description of these methods is considered
to be outside the scope of this paper.

Acheson (1) also has expressed criticism of the "Cleveland
Atlases"; one criticism has direct bearing on the present investi-
gation. In the actual process of skeletal assesgment, the film of
a child is compared to a standard film and subjectively rated.
Interpolations must usually be made in determining bone age. Each
bone is considered separately. Skeletal age represents the arith-
metical average of the ages of all bones in which ossification has
begun. Absence of a center is not acknowledged in computation of
skeletal age since bones "not present" are rated o. Dr. Pyle
has long been cognizant of this problem. In the preparatory phases
of the present study, she recommended the author read a series of
films for bone age. The series read were partially longitudinal
and were taken from the Brush Foundation collection. Dr. Pyle
also reread these films. Figure 2.1 shows individual bone ages

of two girls chosen at random from this series. Comparison has

been made against the standard (37). The bone ages, read according
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to this standard of reference, indicated that individual differ-
ences in progress of ossification were characteristic for the bones
in the hands and wrists of these girls. On this basis, it seemed
most logical to use the individual bones ages as well as skeletal

age as individual variables.

Anthropometry

Garn and Shamir (32:35) discussed the role of anthropometry
in past studies of physical growth.

Anthropometric measurements have played a long and
honorable role in studies of physical growth. In fact, the
routine caliper and anthropometer measurements beloved of
classical physical anthropologists have been the mainstay of
most growth investigators.

Anthropometry representing measurement for measurements sake
may lack value; hence reasons for including anthropometric data must
be clarified. Variables like weight, lever length, bicristal width,
foot and leg deviations might influence performance in the standing
long jump. Theoretically, a basis for consideration of lever length
exists. 1If two levers of different lengths move through identical
angles in the same time span, the end of the longer lever has greater
linear velocity. However, shorter levers can be moved at a faster
rate (14). Bicristal width could assume importance since the weight
of the body must be projected through space in the standing long
jump and the center of gravity of the total body is located in the
general region of the hips, slightly higher in three year olds than
adults. Dissipation of force can occur in the power phase of the

standing broad jump unless the child can point the toes straight

ahead and bend the knees straight forward over the toes (9:155).
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In 1921, Baldwin was Research Professor of Educational Psy-
chology and Director of the Iowa Child Welfare Research Station. At
that time he published (3) one of the most extensive reports ever
written of anthropometric techniques and measurements conducted on a
wide variety of American children of all ages. His annotated sum-
mary covers the period between 1875 and 1910. One of the early
ccmprehensive studies which Baldwin cites is that of 24,000 Boston
boys and girls made by Bowditch in 1875. Other <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>