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ABSTRACT

CINEMATOGRAPHIC ANALYSIS OF THE DEVELOPMENTAL STAGES
OF RUNNING IN PRESCHOOL BOYS AND GIRLS

By

Joy E. Kiger

Motor development researchers have identified age related, but not

age dependent, changes for key characteristics observed in developing

fundamental skills of children. In the skill of running the key

descriptive characteristics are generally synonymous with kinematic
variables investigated by age or grade level in biomechanics studies.
However, biomechanical analysis of the developmental stages of various

fundamental motor skills has yet to be done. This interdisciplinary

study was undertaken to explore the potential for using biomechanical
research techniques to determine the extent and significance of
mechanical differences observed in developing running skill. Its
purpose was to identify which specific variables differed among the four
developmental stages of running as well as between gender performances.
Simultaneous sagittal and frontal view high speed cinematography was
used to analyses selected kinematic variables which represented the
distinguishing characteristics of the four developmental stages of

running. Seven major areas were investigated: (a) running descriptors

and selected anthropometric measures; (b) segmental inclination at

selected points during the running cycle; (c) distance between the



fa

)y



downward vertical projection of the body's center of gravity and the

foot at touchdown; (d) sequence of peak angular velocity for leg

segnents; (e) midline-limb segment center of gravity distance at
selected points during the running cycle; (f) temporal analysis; and

(g) limb segment displacements, both linear and angular. Variables were

analyzed for each leg to observe differences between right and left limb

actions. Statistical significance for stage effect was obtained for
trochanteric height, running velocity, right shank at touchdown, right
forearm at humerus maximum backward position, and angular displacement
of the right forearm, and for gender effect in the left shank at maximunm
leg extension. Developmental trends across stages were identified in
almost all areas investigated. Symmetrical performance was not

expected, but right-left variations were consistently larger among stage
two and stage three runners than stage one and four runners. Despite
the limited statistical significance for stage effect, the data revealed
that the use of biomechanical research techniques to investigate

developmental stages holds promise for providing invaluable insight into

the development of fundamental motor skills in young children.
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Chapter I

Introduction

The development and camplexity of coordinated movements, both
animal and human, have intrigued researchers for ages. The
investigation of mavement, however, had been limited to direct observa-
tion until the advent of cinematography. Early cinematographic work by
Muybridge (1887/1955, 1887/1957) and Marey (1895) established methods
for studying movement that continue to expand with advancements in cine-
matography.

During the 1920‘s, 1930's, and 1940's child psychologists facused
investigative efforts, both observational and cinematographic, on the
development of human prehension and locomation (Bayley, 1935; Gesell,
1928; H. M. Halverson, 193!; McGraw, 1945; Shirley, 1931) and
fundamental motar patterns (Guttridge, 1935; Jenkins, 1930; McCaskill &
Wellman, 1938; Wellman, 1937). These basic patterns involved locomotor,
nonlocomatar, and manipulative movements af preschoecl and early
elementary age children. Major characteristics in the maturation of
physical skills were often grouped into ‘levels,’ ‘phases,’ ‘steps,’ or
‘stages,’ by adapting theories from developmental psychology.
Espenschade and Eckert (1980) categorized the approaches by these early
researchers as descriptive, kinesiological, or neuromuscular.

1



During the latter part of the 1950's, physical educataors
specializing in either motor development or biomechanics began to
investigate the development of fundamental motor skills in children.
These researchers observed that although young children of the same
chronological age exhibited a wide variety of skill levels, the
development of individual skills progressed in a rather predictable
order from initial behaviors ta high levels of proficiency. Their work
specifically focused on the development of ‘normal’ fundamental motor
skill patterns. These researchers have concentrated on either a battery
of skills or on a single skill in their investigations.

Several different approaches have been used by recent investigators
in their studies. One approach continued the line of research used in
the early studies by establishing achievement or perfarmance scores by
age or grade and gender (Frederick, 1977; Keogh, 1945; Morris, Willianms,
Atwater, & Wilmore, 1932).(} second approach involved the
categorization of skill performance as "good" or "poor" on the basis of
a product score and then looking for the biomechanical differences
between the two categories of performance (Beck, 1964; Dittmer, 1%2)._1
A third approach invaolved filming children of selected ages and then
looking for biomechanical differences among performances (Brown, 1978;
Clouse, 1959; Fortney, 1964, 1980; Mersereau, 1974, 1977). A fourth
approach required the filming of numerous children at various ages while
they performed fundamental motor skills. These films were then analyzed
for qualitative movement characteristics that depicted certain levels or
stages of development for each skill (Roberton & L. E. Halverson, 1984a,

1984p; Roberton, Williams, % Langendorfer, 1980; Sapp, 1980; Seefeldt,
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Reuschlein, and Vogel, 1972; Wild, 1938).

Two different staging methods have emerged from this fourth
approach, that of component parts developed by Roberton (1975, 1974,
1977, 1978a, 1978b, 1984) and that of total body canfiguration developed
by Seefeldt et al. (1972) and later adapted by McGlenaghan and Gallahue
(1978). Further research using the component parts and the total bady
configuration approaches has continued to refine and validate the
earlier findings (Branta, Haubenstricker, Kiger, & Ulrich, 1984;
Fountain, Ulrich, Seefeldt, & Haubenstricker, 1981; L. E. Halverson &
Williams, 1985; Hauhenstrickar, Branta, & Seefeldt, 1983;
Hauhenstricker, Branta, Ulrich, Brakora, & E-Lotfalian, 1984; Hauben-
stricker, Seefeldt, & Branta, 1983; Haubenstricker, Seefeldt, Fountain,
% Sapp, 1981; S, Miller, Haubenstricker, & Seefeldt, 1977; Roberton,
1982; Robertan & L. E. Halverson, 1984; Roberton, Williams, &
Langendor{er, 1980; Way, Haubenstricker, & Seefeldt, 1979). Research
using the camponent parts and total body configuration approaches
Provides the preschool and elementary school physical educator with
detailed informatian on the qualitative development of fundamental motar
skills to complement the quantitative (distance, speed) information
already available for age and gender.

Except for the work reported by Branta et al. (1984), Fountain et
al. (1981), Glassow, L. E. Halverson, & Rarick (1945), and
Haubenstricker et al. (1984) evidence on the relationship between
qualitatjve development and performance scores has been lacking in both
the motor development and the biomechanics disciplines. Research

results from the Early Childhood Mator Skills Development Study [Early
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Childhoodl (1985) provide age percentile rankings in developmental

stages for ten fundamental motor skills, as well as percentile rankings
for running time, agility time, balance time, and jumping distance for
children in the age range 2.5 to 5 years. This eight year, mixed
longitudinal study provides unique data for establishing the link
between the qualitative and quantitative performance scores. VYet,

the link between process and product in the development of children’s
motor performance needs further research. Roberton (1972), Smoll
(1979), and Wickstram (1975) noted the potential of kinesiological
techniques for examining the process-product link in understanding skill
development. Garrett (1978) used the term "developmental biomechanics”
to designate the use of biomechanical research techniques in the study
of skill development. According to Garrett, develaopmental biomechanics
holds promise for fulfilling the need in developmental research not only
far further investigating the process of skill development, but also far
providing more precise measures than the verbal descriptions of skill
development provided in the past. By combining the research efforts of
the motor developmentalist and the developmental biomechanist (not to
mention the effarts of the child developmentalist, sport psychologist,
sociologist, and physiologist), the potential for gaining a more

thorough and precise understanding of motar skill development through

synergistic research efforts is promising (Garrett, 1978).
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The Research Problem

Research conducted by motor developmentalists and developmental
biomechanists on the development of fundamental motor skills, and on
running in particular, has been limited to age/grade level or speed
differences. rFar the skill of running, analyses have been limited
mostly to leg movements. ) As a result, a void exists in the data base
regarding resultant arm movement patterns and important rotary movements
that occur around the vertical axis of the body, as well as the role of
these movements in the performance of the maturing skill. Furthernmore,
biamechanical differences among the identified developmental stages of
fundamental motor skills have not been analyzed. With a kinematic
analysis, physical educators would be able to ascertain more effectively
the significance of the mechanical differences among the identified
developmental stages of a skill.

The developmental stages nf’fundamental motor skills have been
shown to be age related but not age dependent. "In the case of running,
speed also improves with the use of a more mature skill pattern;

Previous biomechanical studies of running in children have attributed
\& significant differences in selected kinematic variables to the function
of age (Amano, Mizutani, % Hoskawa, 1983; Beck, 1966; Brown, 1978;
Clouse, 1959; Dittmer, 1942; Fortney 1964, 1980; Mersereau, 1974,_ 1977;
Smith, 1977). Early motor development research also attributed
differences in running speed to age (Carpenter, 1942; Cunningham, 1927;
Deach, 1951; Frederick, 1977; Glassow et al., 1965; Glassow ¥ Kruse,

1960; Buttridge, 1939; Jenkins, 1930; McCaskill & Wellman, 1938;
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Wellman, 1937). A motor developmentalist investigating stage
development would question whether the differences reported in earlier
studies of running development were due to differences in age or to
variations in running form, or stages, used by the children under
investigation.

It was, therefare, the purpose of this study to investigate
selected kinematic variables representing the distinguishing
characteristics of the developmental stages of running according to
Seefeldt et al. (1972). Through the use of simultaneous sagittal and
frontal plane high speed filming, the stated concerns and questions
relative to arm and leg movement pattern differences among the
developmental stages were addressed to provide quantitative information
on the qualitative development of running behavior in young children.
Such information is needed to verify quantitatively the significance of
identified stage pattern differences and to provide base line kinematic
data for future research in running stage development. This study
focused on the four developmental stages of running as described by
Seefeldt et al. (1972). The sequence of these stages has been verified
through mixed longitudinal studies (Fountain et al., 1981; Branta et
al., 1985; Early Childhood, 1985). The practical application of this
running stage sequence was evident in its use in the Test of Gross Motor

Development (Ulrich, 1985).
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Terminology

Readers of interdisciplinary studies not familiar with the basic
terminology of specific areas of study may have difficulty understanding
the nomenclature used. For this reason, terminology used in the current
study will be presented at this time. The terminology reflects the
nomenclature prevalent in motor development and biomechanics and was
compiled from the works of authors in each area of study (Beck, 1966;
Clouse, 1959; Dillman, 1975; Dittmer, 1962; Dysan, 1973; Fortney, 1980;
Groves % Camaione, 1983; Hay, 1985; Haywood, 1984; Hopper, 1964; James &
Brubaker, 1973; Northrip, 1983; Seefeldt, 1974; Seefeldt et al.,

1972; Simanian, 19815 Slocum & James, 1968; Wickstrom, 1983).

Motor Development is concerned with describing the underlying
processes and the changes in movement behavior that occur over time
which reflect the interaction of the human arganism with its environment
(Hayward, 1986; Wickstram, 1983). Qualitative analysis in motor
development involves the identification of characteristics in the form
used for accomplishing a task, as well as the sequence in which various
characteristics appear as the skill develops from the first rudimentary
attempts to an efficient, mature performance. GQuantitative analysis in
motor development involves determining the direction, speed, and shape
of developmental changes plotted on distance, speed, and acceleration
curves. Far example, in fundamental motor skills, quantitative analysis
involves how fast (speed) a child runs a certain distance or how far
(distance) a child may jump or throw or how many times a child can hit a

target with an object (accuracy).
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Biomechanics is "concerned with the internal and external forces
acting on the human body and the effects produced by these forces" (Hay
1985, p.2). The science of biomechanics consists of two branches
kinematics and kinetics. Kinematics is concerned with describing the
motion of a body or body parts using linear and angular displacements,
velocities, and acceleratiaons, without regard for the underlying causes
of the movement. ‘Linear kinematics deals with the description of
translation or linear motian while angular kinematics deals with
rotation or anqular motion. Kinetics is concerned with the forces that
initiate, alter, and stop the motion af the body or body parts and
involves the study of forces and moments. Qualitative analysis in
biamechanics, as in motor develapment, involves visual and
recorded observation to obtain descriptions of skill performance
Quantitative kinematic analysis alsa uses recording techniques and
involves the measurement of position in space and calculations of linear
and angular displacements, velocities, and accelerations of the body or
body parts in question during skill performance. GQuantitative kinetic
analysis involves the measurement of the external forces that cause and
affect the movement of the body or body parts in question during skill
perfarmance.

Fundamental Motor Skills are common motor skills with specific
patterns that involve two or more body segments and result in the
transfer or reception of some external object or of the body itself.
Examples of fundamental motor skills include running, jumping, throwing,
catching, kicking, punting, skipping, and happing

Pattern is an isolated mavement which is confined to joints or
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segments too restrictive to be classified as a complete fundamental

motor skill, i.e. an underarm pattern.

Stage is a specific level of development in a fundamental motor
skill containing certain identifiable characteristics.

Phase is a portion of a stage, such as the preparatory phase, the
propulsive phase, or the follow through phase.

Sequence is a series of movements which is highly predictable with

reference to the performer and the skill.
Running is a rapid form of locomotion characterized by periods of
flight when the body is prajected above the support surface alternately

It consists of a smoothly coordinated, rhythmical series

by each leg.
of alternating periods af suppart and flight.

Running Cycle is from touchdown on one foot until the same foot
touches down again. In one running cycle, each leg moves through a
drive and recovery interval as the total body passes through two periods

of suppart and twa periaods of flight.

Running Stride is from foot touchdown (or contact) with the
supporting surface until touchdown (ar contact) with the supparting
surface by the opposite foot.

Support Period is the duration of time the foot is in contact with

the supporting surface.

Flight Periaod is the duration of time when the body is

nonsupported.
Touchdawn Pgsition is the instant any part of the lead foot touches

the supporting surface. Also called contact.

Midsupport Position is the position when the lower leg (shank) is







perpendicular to the running surface.
Takeoff Position is the positian where the foot is last observed in

contact with the supporting surface.

Maximum Leq Angle is the point at which the hip and knee joints of

the support leg reach greatest extension and the concomitant ankle joint

reaches greatest plantar flexion.

Minimum Knee Angle is the knee angle of the recovery legq when the

foot is nearest the buttocks during the recovery interval.

Maximum Thigh Height is the maximum forward height reached by the

thigh segment relative to the horizontal during the recovery interval.

Leg Action is the drive interval plus a recavery interval.
a) Drive Interval is the portion of leg action when the foot is in
It consists of three

contact with the supporting surface.

phases.
1) Foot Strike Phase is the time from touchdown to when the foot

is flat on the supporting surface and the joints of the

support leg are undergoing flexion.

2) Midsupport Phase is the time from when the foot is completely

in contact (flat) with the supporting surface until the heel
breaks contact with the supporting surface. During this

phase, the actions at the hip and knee joints reverse fram

flexion to extension and the movement at the ankle joint

reverses from dorsiflexion to plantar flexion.
3) Takeoff Phase is the time from when the heel breaks contact
with the supporting surface to toe off. The hip and knee

joints are undergoing extension and the ankle plantar
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flexion.

b) Recovery Interval is the portion of leg action when the foot is
not in contact with the supporting surface. [t consists of

three phases.

1) Follow Through Phase is the time from takeoff until the thigh

reaches its maximum backward movement resulting in the hip

joint being at its greatest angle of extensian.

Forward Swing Phase is the time from when the thigh begins

2)
its forward movement until the thigh reaches its maximum
height.

3) Foot Descent Phase is the time from when the thigh reaches

its maximum height until foot touchdown.

Arm Action is a farward phase plus a backward phase of arm

movement.

a) Forward Phase is the time from when the humerus begins its
forward angular movement until it stops its forward angular
movement.

b) Backward Phase is the time from when the humerus begins its
backward angular movement until it stops its backward angular

movement.
Linear Distance is the length (magnitude) of a straight line
joining two positions, i.e. an initial and final position. For this

study linear distance was measured in centimeters.

Linear Displacement is the length (magnitude) and direction of a

straight line joining two positions, i.e. an initial and final position.

For this study linear displacement was measured in centimeters.
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Linear Speed is the change in distance per unit of time of a body
segment or the body's center of gravity. Speed is a scalar quantity
which represents magnitude. For this study speed was measured in
centimeters per second.

Linear Velacity is the change in displacement per unit of time of a
body segment or the body's center of gravity. Velocity is a vector
quantity which represents both magnitude and direction. For this study
velocity was measured in centimeters per second

Angular Distance is the magnitude of change in the angle between
two positions, i.e. the initial and final positions, of a rotating body
ar body segment. For this study angular distance was measured in both
radians and degrees.

Angular Displacement is the magnitude and direction of change in
the angle between the initial and final positions of a rotating body or
body segment. For this study angular displacement was measured in both
radians and degrees.

Angular Velocity is a change in angular displacement per unit of
time. For this study angular velocity was measured in radians per
second.

Peak Anqular Velocity is the position at which a body segment
reaches its greatest angular velocity.

Sequence of Peak Angular Velocity is the order in which the body

segments reach their individual peak angular velocity about their
respective joint.

Movement in the Sagittal Plane refers to observation of the

movement from a camera that is placed so that movement occurring in the
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sagittal plane can be recorded (side viewl. The sagittal camera is
placed perpendicular to movement occurring in the sagittal plane
(direction of movement).

Movement in the Frontal Plane refers to observation of the movement

from a camera that is placed so that action occurring in the frontal
plane can be recorded (front view). The frontal camera is placed
perpendicular to movement occurring in the frontal plane.

Trunk Inclination Measurement is measurement of trunk lean from the

horizontal to the line that passes from the top of the head to the point
located half the distance between the hip joints. The measurement is
made counterclockwise relative to the horizantal (see Figure 17, p. 86).

Segmental Inclination is a method of measuring the angle of limb
segments in biomechanics. A limb segment is measured counterclockwise
relative to the horizontal from the distal end of the segment (see
Figure 16, p. 85). Segmental inclinations are then used in interpreting
changes in joint angles between body segments.

Midline of the Body. The midline of the body is determined first
by locating the midpoint between the two hip joints and the midpoint
between the two shoulder joints, then connecting the two midpoints.
Measurements were made by drawing a line from, and perpendicular ta, the
supporting surface up through the midpoint between the hip joints, and
continuing to equal head height. The distance was measured in

centimeters (see Figure 23, p.93).






The Research Hypotheses

This study investigated the changes in selected kinematic variables
for each of the four developmental stages of running (Seefeldt et al.,
1972), with stage one being the least mature form and stage four being
the most mature form. The study also identified trends in the selected
kinematic variables between boys and girls performing in each of the
four developmental stages. One complete running cycle (touchdown of one
foot until the same foot touched down again) for each leg was used for
analysis. Using a complete cycle for each leg enabled the observation
of any differences between right and left limb action in the skill
during the film trial selected for analysis.

Kinematic Variables. Fraom the sagittal plane (side view) film the
following kinematic variables were studied:

1. The inclinations of the thigh, shank, and foot segments at
specified points during one running cycle for each leg.

a. Leg drive interval: touchdown and takeoff.

b. Leg recovery interval: minimum knee angle and maximum thigh

segment height.

2. The linear and angular displacement of thigh, shank, and foot
segments between selected positions during one running cycle for
each leg.

a. Leg drive interval: touchdown to takeoff.

b. Leg recovery interval: takeoff to minimum knee angle, minimum

knee angle to maximum thigh segment height, and maximum thigh

segment height to touchdown.
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The trunk inclination at touchdown and takeoff during the drive

interval for each leg.

4. The sequence of peak angular velocity for leg extension in the
drive interval and for leg flexion in the recovery interval during
one running cycle for each leg.

5. The horizontal distance between the foot at touchdown and the
downward vertical projection of the body's center of gravity for
each leg (see Figure 22, p. 92).

6. The temporal relationship of support and flight periods during one

running cycle for each leg.

7. The stride length and stride rate during one running cycle for each

leg.

8. The inclinations of the humerus and the forearm at maximum farward
and maximum backward swing of the humerus.

9. The linear and angular displacement for the humerus and the forearnm
between maximum forward swing and maximum backswing.

From the frontal plane (front view) film the follaowing kinematic
variables were studied:

10. The positions of the centers of gravity of arm and leg segments in
relation to the body's midline at selected points during one
running cycle for each leg (see Figure 23, p. 93).

a. Leg drive interval: touchdown and takeoff.
b. Leg recovery interval: minimum knee angle and maximum thigh

segment height.

In addition the following relationships were investigated for each

stage of running:
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The relationship of stride length to stride rate, stride length to

running speed, stride rate to running speed, trochanteric height to

running speed, and trochanteric height to stride length.

The temporal occurrence between selected positions for each stage

of running.

a. Leg drive interval: touchdown to maximum leg extension and
maximum leq extension to takeoff.

b. Leg recovery interval: takecff to minimum knee angle, minimum
knee angle to maximum thigh segment height, and maximum thigh

segment height to tauchdawn.

Predicted Developmental Trends. Based on review of the qualitative

films of running stages filmed at Michigan State University from 1967

through 1976, the follaowing developmental trends were predicted for this

study:

1.

At touchdown, the inclination of the thigh, relative to the
horizontal, will decrease from stage one to stage twa, increase

from stage two to stage three, and decrease from stage three to
stage four. The inclination of the shank and foot, relative to the
horizantal, will increase from stage one to stage two, then
progressively decrease at stages three and four (see Figure ).

At takeoff, the inclination aof the thigh and shank, relative to the
horizontal, will decrease from stage one to stage two and from
stage three to stage four, but will increase from stage two to
stage three. The inclination of the foot, relative to the

horizontal, will progressively decrease from stage one through







Stage 1 Stage 2 Stage 3 Stage 4

Figure I. Illustrations of predicted changes in segmental inclinations
of the leg at touchdown positian.







three, then increase from stage three to stage four (see Figure 2).
At minimum knee angle of the recovery interval, the segmental
inclinations of the thigh and shank relative to the horizontal will
decrease from stage one through three, then increase from stage
three to stage four (see Figure 3).

At maximum thigh segment height, the segmental inclination of the
thigh, relative to the horizontal, will decrease from stage one
through stage three, then increase from stage three to stage four
{see Figure 4).

The angle of trunk inclination will increase as the stages progress
from one to four.

The sequence for peak angular velocity of leg extension during the
drive interval and of leg flexion during the recovery interval will
move from simultaneous occurrence, or non sequential, to sequential
occurrence as the stage level increases. The leg extension
sequence for the drive interval will follow the order: thigh,
shank, and foot, while the leg flexion sequence during the recovery
interval will follow the arder: shank, thigh, and foot.

The horizontal distance between the foot at touchdown position and
the downward vertical prajection of the body's center of gravity
during a running cycle for each leg will decrease as stages
increase.

During one running cycle for each leg, the time in support will
decrease while the time in flight will increase at each successive
stage.

The stride length and rate, relative to leg length, will increase
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Stage 1 Stage 2 Stage 3 Stage 4

Fiqure 2. [llustrations of predicted changes in segmental inclinations
of the leg at takeoff position.
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Stage 1 Stage 2 Stage 3 Stage 4

fiqure 3. Illustrations of predicted changes in segmental inclinations
of the leg at minimum knee angle during the recovery interval.
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Stage 1 Stage 2 Stage 3 Stage 4

Figure 4. Illustrations of predicted changes in segmental inclinations
of the thigh at maximum thigh segment height.
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Stage 1 Stage 2 Stage 3 Stage 4

Fiqure 4.. Illustrations of predicted changes in segmental inclinations
of the thigh at maximum thigh segment height.
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at each successive stage.

At maximum forward arm swing, the segmental inclination of the
humerus, relative to the horizontal, will decrease from stage one
to stage two, and from stage two to stage three, but will increase
from stage three to stage four. The inclination of the forearm,
relative to the horizaontal, will decrease from stage one through
stage three, then increase from stage three to stage four (see
Figure 5).

At maximum backward arm swing, the segmental inclination of the
humerus, relative to the horizontal, will decrease from stage one
to stage two, increase from stage two to stage three, then decrease
from stage three to stage four. The segmental inclination of the
forearm relative to the horizontal, will decrease at each
successive stage (see Figure 6).

The distance between the center of gravity of each limb segment
relative to the body's midline will decrease at each successive

stage.

Hypotheses. The following hypotheses were examined for this study:
Each of the selected kinematic variables will follow the predicted
trends, showing significant differences from stage to stage, in the
running behavior of young children.

There will be no observed differences on each of the selected

kinematic variables across stages between boys and girls.
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mm. Illustrations of predicted changes in segmental inclinations
Uf_the humerus and forearm at maximum forward angular rotation of arm
swing.
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Stage 1 Stage 2 Stage 3 Stage 4

Figure 6. Illustrations of predicted changes in segmental inclinations
of the humerus and forearm at maximum backward angular rotation of arm
swing.
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The Scope of the Study

The study examined the running gait of preschaal aged bays and
girls. Each subject was filmed simultaneously by two cameras positioned
arthogonally to each other; one camera from the sagittal (side) view,
the other from the frontal (front) view., One boy and one girl
demonstrating each one of the four classic developmental stages of
running (n=8) were selected from an identified potential subject pool of
children participating in the Michigan State University Early Childhood
Motor Skill Development FProgram. Additional subjects were selected as
needed (i.e. to represent immature stages not demonstrated by subjects
in the Early Childhood Program) from siblings of the participants in
this praogram or from other available children. Each subject
participated in a single filming session. Selected anthropometric
measurements also were taken during this session. Selected film trials
were digitized and processed through a biomechanical software program to
obtain the necessary linear and angular displacements, velocities, and
accelerations for statistical analyses in order to answer the posed

research hypotheses.

Limitations

The following limitations were identified for this study:
1. Motor development research studies have traditionally used large
numbers of subjects, where biomechanical research studies have

traditionally used a small number of subjects. For this study eight
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subjects were selected, one boy and one girl for each
developmental stage of running. The developmental stages for
running as determined by Seefeldt et al. (1972) were ascertained
through qualitative film analysis of over 150 children between the
ages of 1B months and 8 years of age. These four developmenta
stages aof running have been verified on four occasions (Branta et
al., 1984; EBranta et al., 1985; Early Childhood, 1985; Fountain et
al. 1981). The latest validation (Early Childhood, 1985) involved
over 13500 children ages 2.5- to 5.0-years of age. This particular
skill stage sequence has been well documented, and no qualitative
differences have been noted between boys and girls performing at
the various stages. There is general agreement among motor
development specialists that developmental stages are age related,
but not age dependent, and that boys and girls demonstrate the
same degree of identifiable characteristics as they progress
through the developmental stages. Thus, the small number of
subjects was deemed acceptable for this study.

. The subjects selected for the study were from an available population
of children most of whom were enrolled in a program emphasizing
fundamental motor skill development for preschool age children.
Program enrollees were from the greater Lansing, Michigan area.
Subject selection was further limited in that anly children
demanstrating the best representative form of a stage during the 1985
fall testing and nearest the modal age for stage, as determined by
Early Childhood (1985), were considered for inclusion in the study

- The study was limited by the common difficulties encountered in






cinematographic research. These difficulties include error in
locating anatomical landmarks when digitizing due to hidden
segments and perspective error resulting from body segments

positioned at different distances from the cameras.

Assumptions

The study was completed based on two assumptions:
1. That the subjects filmed were representative of normal preschool age
boys and girls.
2. That the subjects were developing normally and free fraom any previous

or present handicapping conditions.






Chapter I1

Review of Literature

The study of motor development entails identification of changes in
notor behavior that are reflective of an interaction of the human
organism with its environment. Identified changes in motor behaviar
have been classified based on stage theories originating in biology and
developmental psychology. To achieve the most effective comprehensian
of the development of a fundamental motor skill, the investigator needs
to: (a) understand developmental stage theary, (b) review caompleted
research on the specific skill of interest, and (c) inquire into other
disciplines for related investigations and research techniques that may
help advance the interpretation of the skill’'s development. The
investigator who is cancerned with the development of a fundamental
motor skill also must have a thorough understanding of the mature form
of the specific skill being studied. This provides the necessary
background against which the developmental progress in the skill can be
evaluated (L. E. Halverson, 1966).

The following review of literature reflects the interdisciplinary
approach taken by this study. Attention will be given to: (a) the
origins of developmental stage theory and its application to motor

development; (b) the early studies in motor development; (c) the
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developmental studies of fundamental motor skills; (d) the development
of running as studied by specialists in motor development and
develapmental biomechanics; and (e) the kinematic analysis of mature

ruaning form.

Developmental Stage Theory

Developmental staging theory has pravided a method of identifying
and grouping characteristics or events along a continuum. The following

section traces the origins of developmental stage theary and its

adaptation to the study of motor skill development.

Biological - Psychological Origins. The emergence of developmental

psychology early in the Twentieth Century was the result of increased
interest in children and concurrent advances in the scientific method of
study. Psychologists began to search for the best ways to educate
children (how do they learn?) and to investigate the biological
development of the human organism (how do they grow?). The model of
develapmental used by psychology comes basically from biological
sciences (Gardner, 1982). Within the biological discipline, scientists
have charted daily progress, identified stages of development, used
substances which may control development, and established an overall
theoretical framework of an arganism’s development. This developmental
model used by biology views development as making continual
differentiation (simple to complex) and integration (a coming together

of isolated parts to form a more complex organization) (Bardner, 1982),
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The biological model of development and related terminolagy has been
borrowed by many other disciplines, including psychaolegy. It has been
applied to the physical development of children with little difficulty
But in the more intangible areas such as cagnitive, emotional, and moral
growth, the application of biological terminolagy has been criticized
for being too vague, too ambitious, or too restrictive (Gardner, 1982).
Questions concerning qualitative versus quantitative developmental
descriptions also are raised when attempting to apply biolagica
terminology to these areas.

A major problem lies in the disagreement as to the meaning and use
of the term "stages". BErainerd (1978) describes three general
applications of the term. First, stages have been used as aesthetic ar
ideals that do not necessarily refer to any definite or measurable
elements in development. Here the term 'stage’ is used as a method of
eliciting certain images (such as Ericksan’s (1963) theory of
psychosexual development). Second, stages have been used as
descriptions of precise and measurable aspects of behavioral
development, that is, arbitrarily defined characteristics known to
change with age. He notes in the descriptive use of stages that degrees
of abstractness may be represented from concrete, detailed descriptians
to the isolation of commonalities and patterns present in diverse
classes of behavior. Third, stages have been used in an explanatory
capacity and must satisfy three criteria to be legitimate explanations
of development: (a) the stages must be descriptive of the behaviors that
undergo change; (b) they must postulate antecedent variables believed to

be responsible for the changes; and (c) there must be ways to measure
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of the term “"stages". Brainerd (1978) describes three general
applications of the term. First, stages have been used as aesthetic or
ideals that do not necessarily refer to any definite or measurable
elements in development. Here the term 'stage’ is used as a method of
eliciting certain images (such as Erickson’s (1963) theory of
psychosexual development). Second, stages have been used as
descriptions of precise and measurable aspects of behavioral
development, that is, arbitrarily defined characteristics known to
change with age. He notes in the descriptive use of stages that degrees
of abstractness may be represented from concrete, detailed descriptions
to the isolation of commonalities and patterns present in diverse
classes of behavior. Third, stages have been used in an explanatory
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of development: (a) the stages must be descriptive of the behaviors that
undergo change; (b) they must postulate antecedent variables believed to

be responsible for the changes; and (c) there must be ways to measure
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the antecedent variables independently of the behavioral changes.

Although not without criticism, Jean Piaget’'s stages of cognition
(1983), Lawrence Kohlberg's stages of moral development (1963), Sigmund
Freud's stages of sexual development (1930/1964), and Erik Erikson’s
stages of life (1963) may be considered classic examples of stage
theories.

Piaget's criteria for stages (hierarchization, structural
wholeness, integration, consolidation, and equilibration) have been most
widely accepted and used in developmental psychology. Hierarchization
refers to a fixed order of succession of the different levels that
compose a developmental sequence. That is, the order af the appearance
of the levels remains the same. There can be no variation in the
described order. Individuals may progress through the sequence at
slightly different rates, but the order of succession remains the same.
Structural wholeness refers to the individual operating on the same
level in several related areas. Integration refers to the
accomplishments of a higher stage incorporating those of the lower
stage(s). Integration involves the transformation of lower stage
elements by restructuring them to form new elements as well as
coordinating lower stage elements with completely new elements.
Consolidation refers to the continuous gradual evolution of one stage
from a previous stage. For a period of time, i.e. during the
transition, elements of both stages will be evident. Piaget refers to
this as horizontal decalage. And finally, equilibration refers to the
process through which the individual develops. Development consists of

a series of periods of equilibration followed by disequilibration as an







individual moves from a state of stability operating at one stage to a
state of instability as the transition accurs to a higher stage. Gesell
(1939) used the term reciprocal interweaving to describe the last two
characteristics relating the whole process as an ascending spiral of
gradual change under the influence of both biological (genetic) and
enviranmental factars.

Essentially, developmental psychalagists have strictly adhered to
the requirement that all five criteria be met for proposed stage
theories ta be accepted as an explanation for development. However,
this rigid thinking has come under criticism. Brainerd (1978) questions
the explanatary value of Piaget's stages of cognitive develapment. He
believes that they are descriptive rather than explanatory in nature
since the antecedent variables leading to behavioral changes cannat be
measured separately. The concepts of invariant or irreversible
sequencing has been questioned by Holstein (1974) and Kurtines and Greif
(1974) in reviewing the work of Kohlberg's (1963) development of moral
thought. Kurtines and Greif (1974) alsa question the qualitative
differences in the hierarchical stages proposed by Kohlberg. In
response to criticisms about the limitations of the definitions of stage
criteria, Piaget (1960} himself replied that the five criteria are in
reality degrees af the possible structuralizgk/iun of stages. The five
criteria presented represent what Piaget h:urtd in the field (versus the
laboratory) setting where "stages" are mast evident. In reality,
whether or not all five criteria are used in a developmental stage
theary is up to the individual proposing the theory. Therefaore the

usefulness of stages can be generalized to a variety of fields.
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Stage Theory Applied to Motor Development. Stage theory in

developmental psychology gave rise to the use of stage theory in motor
skill development. This is logical since many of the early
developmental psychalogy studies used motor skills to demanstrate the
existence of sequences in development (Ames, 1937; Burnside, 1927;
Gesell, 1944; McGraw, 1943; Shirley, 1931). However, the use of the
term “stage" in motor development has been confusing. Without the
theoretical background the term stage could be interchanged with
descriptions such as "type", "phase", “pattern", or "steps" to describe
how a child might react in certain environmental situations or to
describe a series of differentiated qualities which appear in a
predictable sequence.

Motor stages have been identified through extensive abservatian,
both direct and cinematographic. 1In a descriptive sense, the focus of
early mator development studies varied considerably, yet all were
interested in the mechanisms, form and function of movement. For
example, H. M. Halverson (1931) focused an what changes occurred;
Shirley (1931) concentrated on the order of the changes that occurred;
McCaskill and Wellman (1938) attended to the identificatian, ordering,
and quantification of tasks; and Godfrey and Kephart (1969) prepared a
check list for elements of a mature performance. In more recent work,
investigators have concentrated on the qualitative changes in form that
occur during motor skill development (Roberton, 1975, 1982; Robertaon &
L. E. Halverson, 1984a, 198B4b; Seefeldt et al. 1972; Seefeldt &
Haubenstricker, 1982).

In a theoretical sense, stage theory refers to the presumptive
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structures underlying movement. That is, the underlying neural
development directing the changes observed in motor development
(Roberton, 1977, 1978). And, according to Wohlwill (1973), the strength
of developmental stages comes from their power to demonstrate that each
step evolved fram the preceding one. The use of stage theory in this
Piagetian context is evident in some of the studies previously mentioned
(Ames, 1937; Gesell, 1946; McGraw, 1943; and Seefeldt et al., 1972).
Another point of possible confusion in the use of ‘stages’ in motor
development occurs with the concepts of intraskill and interskill
development. Interskill stage sequencing involves the developmental
ordering of several related tasks. Shirley's (1931) stages af
locamotion are an example of interskill staging. Such stages have been
related to age ordering. Intraskill staging inveolves the develapment af
a single skill. The work of H. M. Halverson (1931), Roberton (1975),
Robertan & L. E. Halverson (1984a, 1984b), Seefeldt et al. (1972),
Seefeldt & Haubenstricker (1982), and Wild (1938) are examples of

intraskill staging.

Early Studies of Motor Development

Interest and research in the motar development of children date
back several decades. Child psychologists were responsible for much of
this early research as they attended to the normal mental and physical
development of children. Gesell (1929, 1948) charted normal ontogenic
behaviar from birth to age 10. Shirley (1931) observed 25 babies

through the first 2 years of their lives. Bayley (1935) followed the
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development directing the changes observed in motor development
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step evolved fram the preceding one. The use of stage theory in this
Piagetian context is evident in some of the studies previously mentioned
(Ames, 1937; Gesell, 1946; McBraw, 1943; and Seefeldt et al., 1972).
Another point of possible confusion in the use of ‘stages’ in motor
develapment occurs with the concepts of intraskill and interskill
development. Interskill stage sequencing involves the developmental
ordering of several related tasks. Shirley’'s (1931) stages of
locomotion are an example of interskill staging. Such stages have been
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a single skill. The work of H. M. Halverson (1931), Roberton (1975),
Roberton & L. E. Halverson (1984a, 1984b), Seefeldt et al. (1972),
Seefeldt & Haubenstricker (1982), and Wild (1938) are examples of

intraskill staging.

Early Studies of Motor Development

Interest and research in the motor development of children date
back several decades. Child psychologists were responsible for much of
this early research as they attended to the normal mental and physical
development of children. Gesell (1929, 1948) charted normal ontogenic
behavior from birth to age 10. Shirley (1931) observed 25 babies

through the first 2 years of their lives. Bayley (1935) followed the






development of over 40 infants from the age of one month to 36 months.
McGraw (1935) investigated selected behavior patterns in growing infants
through a detailed 2-year study of fraternal twins. [In general, these
early studies yielded extensive information on the development of
upright locomotion revealing that the process was very orderly, yet
highly individualized.

During this same time period another group of investigators began
examining motor skill achievement separate from mental development.
Cunningham (1927) tested the motor achievements of approximately 100
children ranging in age from 12 to 42 months. Children were tested on
their birthday and 6 months thereafter in an attempt to establish
performance norms for test items of gross motor coordination. Jenkins
(1930) tested three hundred 5-, 6-, and 7-year olds to establish
standards of performance on nine different motor tasks. Time, distance,
and accuracy measurements were gathered. McCaskill and Wellman (1938)
studied motor skills in preschool age children (2 to & years) to
determine the developmental stage, sequence of development, interrela-
tionships among skills, and gender differences in scores. Scores were
assigned according to the difficulty of execution based on the
percentage of children who accomplished the tasks. In a combination
survey of 1,973 children and a ane year follow up study of 9 children,
Guttridge (1939) examined the motor skill achievements of young children
between the ages of 2 and 7 years. Achievements were based an
performance scores, teacher ratings, and observation reports.

These multiple skill studies investigated what were considered the

common activities of children within the age range of | to 7 years.
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Quantitative measures (time, distance, and accuracy scores) were
gathered on skills such as running, hopping, skipping, jumping,
throwing, catching, kicking, and ball bouncing. Although achievements
in general, were based on performance product scores, McCaskill and
Wellman (1938) noted differences in skill development, sequence of
individual skill development, arder of appearance of skills, and
performance variability within any one age group. With few exceptions
significant gains were found as age increased, but McCaskill and Wellman
(1938) indicated very little differences between the two oldest groups
in their study (5- and é-year- olds). Up to 1940, only Wild (1938
centered complete attention on the actual development of a single
fundamental motor skill in order to identify age characteristics for
that skill. All studies made comparisons of age/grade and gender

For most of the next two and a half decades further investigations
into motor skill achievement and development of young children were
noticeably absent from the research literature. The few studies that
were conducted generally dealt with the development of measurement
scales for skill performance of elementary school children (Carpenter
1942; Johnson, 1962; Latchaw, 1952) or compared physical growth/
biolagical maturity with performance proficiency in certain gross motor
activities (Seils, 1951). Glassaw and Kruse (1960) observed motor skill
achievement in girls ages & to 14 years on the standing broad jump
{distance), the 30-yard run {(speed), and throwing ability (velocity)
Trends were noted on the basis of performance scores and demonstrated
that children tend to remain in the same relative position within a

group throughout the elementary school years. Glassaw, L. E. Halverson,






and Rarick (1965) reported the results of a 4-year study of children in
grades 1| through 6. This 1945 study was unique in that it investigated
skill development in terms of performance scores, quality of skill
coordination, physical fitness, and strength measures in both a
traditional and a vigorous activity type physical education praogram.
This was one of the first research attempts to link the quality of a
skill (form) with the resulting performance scores. Impravements with
age were noted on hoth the qualitative and quantitative measurements of
the skills under investigation.

The work by Deach (1951) was the first study since Wild's (1938) to
focus completely on skill pattern development. Deach investigated the
development of discrete performance patterns in children 2- through é-
years of age for selected skills (throwing, catching, kicking, striking,
and ball bouncing). This investigatar examined the course of
development in terms of mature adult performances in the selected
skills. Deach’'s investigatian was limited to a small cross-sectional
study, but the results indicated development progressing from simple arm
and leg actions to integrated total
body coordinations.

From the late 1950°s through the early 1970°'s, interest in mator
skill development research began to expand. FPhysical educators
specializing in biomechanics were examining kinematic and kinetic
differences in developing skills. These studies analyzed skills either
by age/grade and gender levels (Brown, 1978; Clouse, 1959; Fartney,
1964, 1980; Mersereau, 1974, 1977; Smith, 1977) or by "good" and “poor"

skill levels on the basis of a perfarmance measurement (Beck, 1966;
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Dittmer, 1962). During this same time period, physical educaters
specializing in motor development made use of cinematography to collect
extensive data for descriptive studies of skill development. Examples
of research using these film sources include the studies on jumping by
Hellebrandt, Rarick, Glassow, and Carns (1940), throwing by Raberton
{1975), fundamental motor skills by Seefeldt et al. (1972), and
galloping by Sapp (1980). These film studies also produced two methods
of staging motor skill development. One method, the component parts
method, investigated sequential development af body parts separately
(i.e. legs, pelvis, trunk, arms! for various fundamental motor skills
(Roberton, 1975; Roberton &% L. E. Halverson, 1984a, 1984b). The ather
method, the total body configuration method, identified distinguishing
characteristics of a composite perfarmance so that they were easily
observed by visual inspection (Seefeldt et al. 1972; Seefeldt &
Haubenstricker, 1982). This latter approach was later adopted by
McGlenaghan and Gallahue (1978) and Stewart (1980). These studies will

be discussed in more detail in the remaining portions af this chapter.

Studies of Developmental Staqes in Fundamental Motor Skills

Early studies in child development demonstrated that children
follow a predictable sequence in obtaining proficiency in motor skills
(Gesell, 1929; McBraw, 1935). The process of determining stages in
fundamental motor skills serves as a means of synthesizing and
simplifying the complexities of underlying neurophysiological processes

and the resulting movements that change over time. Such identification
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of specific pattern changes in the phases of alaévelaping motor skill
pravides the researcher and teacher with a basis for comparing a child's
progress in acquiring mature motor patterns as well as for planning
instructional strategies for learning and remediating motor skillgil

Currently two schools of thought have emerged in the staging of
fundamental motor skills: component part staging (Roberton, 1975, 197&,
1977, 1984); and total body configuration staging (Seefeldt et al.,
1972; Seefeldt & Haubenstricker, 1982). The component part approach to
staging fundamental motor skill development, when first proposed by
Raberton (19764), attempted to adhere to the Piagetian criteria for
staging, particularly Piaget's criteria for universal and invariant
sequences. Roberton noted in her original work that mature performance
of various parts of the body seemed to develop at different rates.
Developmental stages were then proposed for various parts of the body
(arm, trunk, pelvis, legs) as a skill was performed. The sequences were
accepted only if all subjects demonstrated the stages in the praoposed
order. Any variation could only be to adjacent stages. Roberton (1982
has since given consideration to an alternative stage model, a
population or probability stage model. This new model for developmenta
stages, while preserving the ordered regqularity of spatio-temporal
transformations that occur in motor skill development, permits greater
flexibility than the classic Piagetian model.

The total body configuration approach to staging fundamental motor
skills defines stages based on abservation to determine a comprehensive
series of movements exhibited to accomplish a specific task (Seefeldt et

al., 1972). Work on the total body configuration approach ta staging
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fundamental motor skills began in the late 1940's. F—Thruugh extensive
qualitative film analyses and by viewing movement as a biomechanical
phenomenon, joint actions were identified, ordered, and classified to
determine the complete movement series used by children to accomplish
certain tasks.) fEtagEs were defined when a series of movements
demonstrated sufficient commonality as a general phenomenon during
children’s skill perfaormance. An abrupt change in the positioning of
one or more body segments or limbs in relation to previous position
depicted the transference from one stage to a higher stage. The change
from one stage to a higher level stage resulted in more proficient
perfarmance of the task by allowing for a single or combination of
mechanical improvements to occur: (a) creating an improved positioning
of the body for greater force production; (b) allowing a more extensive
range of movement around force producing joints; (c) increasing the
number of joints involved in the power train; and (d) permitting less
interruption and greater flow to the total movement (Seefeldt %
Haubenstricker, 1982).\ Recognizing that not all the parts of a skill
mature at the same rate, there is sufficient identity among the various
elements of the skill so that a total configuration description becomes
a practical method of describing a task’s development. This approach to
the staging of fundamental motar skills accepts omissions and reversals
as a reality that does not invalidate the stage sequence. The utility
of the stage sequence lies in its ability to predict movement
characteristics in the majority of the performers, accepting that a
child who deviates from the sequence will not cause the invalidatian of

the sequence. (The developmental stages proposed by Seefeldt et al.
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(1972) and subsequent staging research conducted at Michigan State
University have been further studied and verified by Branta et al.
(1984), Branta et al. (1985), Early Childhood (1985), Fountain et al.
(1981), Haubenstricker, Branta, & Seefeldt (1983), Haubenstricker &
Seefeldt (1977), Haubenstricker, Seefeldt, % Branta (1983),
Haubenstricker et al. (1981), Lerner (1975), §. Miller et al. (1977),

and Way et al. (1979).

The Development of Running Faorm

Running is a vigorous form of locamotion, is an outgrowth of
walking, and is characterized by distinguishable alternating periods of
flight and single foot support. Initial running patterns may actually
occur prior to nansupported walking in response to maintaining balance
while trying to move (Broer, 1973). Figure 7 illustrates the extreme
high guard arm position and short, choppy steps, of early attempts at
running.rThe first intentional attempts at running usually appear
around 18 months of age and represent a modified walk since a flight
period is not truly evident. By about 2 years of age, children have
gained enough balance and body control to exhibit a truer form of
running (Espenshade & Eckert, 1980). As development continues, the
width of the stance narrows, there is less toeing out, and the rhythm of
the run becomes smoother. By the time children enter kindergarten, they
have developed reasonably good running skill and understand what it
means to run as fast as possible (Wickstram, 1‘?E3)J Research by

Seefeldt & Haubenstricker (1982) and Early Childhood (1985) support
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later in this chapter.)

Since the late 1950°'s, research effaorts on the development of
fundamental motor skills have focused on the qualitative changes that
parallel the quantitative trends. A review of the literature revealed
22 studies that either dealt directly with, or included, the development
of running in children. These studies are summarized in Table 1.
Fourteen of the 21 studies can be generally categorized as what Roberton
(1972), Smoll (1982), and Wickstram (1975) have referred to as
developmental kinesiology investigations. The more current term is
developmental biomechanics (Garrett, 1979). The biomechanical
investigations assessed differences in kinematic and kinetic variables
between children of differing age and gender groups. The sequence of
appearance of developmental stages of running was investigated in 8 of
the 21 studies. Children within the age ranges of 18 months to 8 years
were investigated in 15 of the 21 studies. Subjects within the age
range of 5 to 11 years were investigated in six of the 21 studies. One
study investigated 3- to 10-year olds and one study investigated
children aged 14 to 67 months. Eight of the 21 studies involved cross-
sectional investigations, while 14 of the 21 studies involved
langitudinal and mixed longitudinal research spanning from 4 months to 8
years,

Data on performance differences between boys and girls in the
development of running skill are sparse. Only 12 of the 21 studies
reviewed invalve camparison of boys and girls performances. Glassow et
al. (1965) and Amano et al. (1983) reported no difference in running

between boys and girls. Atwater et al. (1981) stated that few gender
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Since the late 1950's, research efforts on the development of
fundamental motor skills have focused on the qualitative changes that
parallel the quantitative trends. A review of the literature revealed
22 studies that either dealt directly with, or included, the development
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Fourteen of the 21 studies can be generally categorized as what Roberton
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investigations assessed differences in kinematic and kinetic variables
between children of differing age and gender groups. The sequence of
appearance of developmental stages of running was investigated in B of
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between boys and girls. Atwater et al. (1981) stated that few gender







Table 1

Summary of Studies on the Development of Running in Children.

CORPONENTS  OF  STUDY

Hixed
RESEARCHER (S) Kinesatic Kinetic Stage Gender  Age Grade Cross-  Longi- Longi-
{yrs) sectional tudinal tudinal

fsano, Mizutani, &

Hoshikawa, 1983 X L33 Ld 4 yrs.
Atwater, Horris, Williams,

& Wileore, 1981 X [23 36 X
Beck, 1966 It ] 1,3,5 2 yrs.

2,46

Branta, Haubenstricker,

Kiger, & Ulrich, 1984 X #2550 Jyrs.
Branta, Kiger, & Yager,

1965 X onF 2560 Iyrs.
Brom, 1978 1 F K25 4
Clouse, 1959 X L] 1.2-4.9 8 aos.
Dittaer, 1962 X Foob0-10 3 yrs.
Early Childhood, 1985 K 2550 8 yrs.
Fortney, 1964 i ] 26 yrs,
Fartney, 1980 X X W 246 X
Fountain, Ulrich, Seefeldt,

& Haubenstricker, 1981 M 2550 3 yrs,
Glassow, L.E. Halverson,

¥ Rarick, 1965 e [ 1,35 2yrs.
Learner, 1975 X o 3.05.0 X
Mersereau, 1974 X X FooL9-2.08 4 eos.
Mersereau, 1977 X F 2553 X
S. Miller, Haubenstricker,

& Seefeldt, 1977 oW 2550 Lyr.
Miyasaru, 1976 1 B 2060 1
Seefeldt, Reuschlein,

& Vogel, 1972 oM 1589 X
Saith, 1977 X 5012 5511 yrs.
Vilchkovsky, Oreshcuk,

& Shpitalny, 1973 X M 3070 X
Way, Haubenstricker, &

Seefeldt, 1979 ® o K 6089 X

a = Also included Fourier analysis.
b = Other fundasental motor skills also tested
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differences emerged among 3- to é6-year-olds studied with velocity
significantly related to height and leg length for the youngest girls.
Vilchkovsky et al. (1973) reported only that boys performed better than
girls at all ages aon running speed. Fortney (1980) noted significant
gender differences in four kinematic variables: (a) the joint angle of
the swing hip (at touchdown, midsupport, and takeaff), (b) peak angular
velocity of flexion of the swing hip, (c) the joint angle of the swing
knee, and (d) the range of motion of the swing hip. In the studies
investigating the developmental stages of running in children, boys and
girls progress through the running stages in the same order, but at each
age level reported, the boys in general used a more mature running stage
than the girls (Branta et al. 1984; Branta et al. 1985; Early Childhood,
1985; Fountain et al. 1981; Learner, 1%975; S. Miller et al. 1977; Way et

al. 1979).

Developmental Stages of Running. Developmental stages for running

were first proposed by Seefeldt et al. (1972). Subsquently, McGlenaghan
and Gallahue (1978) proposed a three-stage sequence of running based an
the fundamental sequence proposed by Seefeldt et al. (1972). Drawing
upan the earlier investigations of Seefeldt et al. (1972) and Wickstronm
(1983), Roberton and L. E. Halverson (1984) hypothesized a developmental
sequence of running that invaolves three steps for the leg action and
four steps for the arm action components.
The sequence of developmental stages for running proposed hy

Seefeldt et al. (1972) has been verified through cross-sectional and

mixed longitudinal studies (Branta et al., 1984; Branta et al., 1985;
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Early Childhood, 1985; Fountain et al., 1981; Learner, 1975; 5. Miller
et al., 1977; Way et al., 1979). The four stages of running are
illustrated in Figures 8 through 11. —In the skill of running the
children use more mature running patterns as they increase in age, with
boys generally using a more mature pattern at each age level. Seefeldt
and Haubenstricker (1982) reported that mature (stage 4) running form
was demanstrated by 40% of the bays at age 4 and by 60% of the girls at
age 5.5 years.‘_l A mixed longitudinal study of the motor skill
development in young children ages 2.5 to 5.0 years was begun at
Michigan State University in 1978. Data from this study have been
analyzed on four occasions over the past 8 years (Branta et al., 1984;
Branta et al., 1985; Early Childhood, 1985; and Fountain et al., 1981).
Figure 12 illustrates the appearance of the stages as indicated in the
analyses completed by Fountain et al. (1981) and Early Childhood (1985).
The latest analysis (Early Childhood, 1985) of these data has provided
performance standards for each stage by age and gender, mean 30-yard run
times and speeds, percentile ranks for running performance by stage,
age, and gender, percentile ranks far 30-yard run time by age and
gender, and mean run times and speeds by stage, age, and gender. Tables
for these data are located in Appendix A. The data show that at age 4
aver 50% of the boys are using a mature running form (stage 4) and at
age 5 over 50% of the girls were using a mature running form. Mean
30-yard run times and speeds shaw a decrease in time and increase in

speed with progression in stage level and age for both boys and girls.
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Developmental Biomechanical Studies of Running. PBiomechanists

interested in skill development have studied running in children. 0Of
the longitudinal, developmental biomechanical research on running
reviewed, two studies initially classified children as "Guud“ or "paor"
runners based on running speed prior to a kinematic analysis (Dittmer,
1962; Fortney, 1964). |Both the "good" and "poor" runners made

—p
improvements during the time period they were studied, with the "goad"
runners consistently making greater gains than the “poor" runners.
Regardless of initial classification, the subjects in these two studies
tended to maintain the same rankings in relation to their peers each
time the running speeds were compared. Several investigations that
encampassed preschool and elementary age children found significant age
contrasts in kinematic parameters of running. Brown (1978), Fortney
(1980), and Vilchkavsky et al. (1973) all reported significant
differences between their youngest subjects (2- and 3-year olds) and
their oldest subjects (4- to 10-year olds). Despite the use of
different age and gender groups, various research emphases, and diverse
approaches among the biomechanical studies reviewed, the developmental
trends discussed below emerged as age increased.

TIncreases in stride length and stride rate were accompanied by
decreases in support time and increases in flight time for the
developing runner., Clouse’'s (1959) subjects showed increases in stride
length both in absolute distance and in relation to extremity length.
Beck (1966) attributed the increases in horizontal displacement to an
increase in stride length and to the relative increase in percent of

time in flight and decrease in percent of time in support for each
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stride. The same trends observed by Beck and Clouse were noted by Amano
et al. (1983), Brown (1978), Dittmer (1962), Glassow et al. (1963},
Mersereau (1974), Miyamaru (1976), and Smith (1977). Vilchkovsky et al.
{1973) also noted that support and flight time were nearly equal in
their 7-year-old subjects. However, Atwater et al. (1981), Miyamaru
(1976), and Smith (1977) found that as stride length increased, stride
rate tended to remain the same or to decrease slightly. Smith (1977)
indicated that children did not perform in the same manner as adults.
The latter showed increases in both stride length and stride rate up to
a certain speed, then further improvement in speed, to a point, would be
accamplished only by increases in stride rate.

In examining the development of leg action during the recavery
interval, two distinct trends were evident with advancing age and skill:
(a) an increase in knee flexion resulted in the foat being carried
closer to the buttock and (b) an increase in maximum thigh segment
height relative to horizontal. Both trends were found by Brown (1978),
Clouse (1959), Fortney (1964), Glassaw et al. (1965), and Miyamaru
(1976). Clouse (1959) and Dittmer (1962) also observed an increase in
the speed at which the thigh maved forward as age advanced and skill
level improved.

Two develaopmental trends assaociated with the drive interval were
noted with increase in skill level and age: (a) a decrease in the
distance between the farward foot at touchdown and the downward vertica
projection of the body’'s center of gravity; and (b) an increase in the
extension of the leg joints at takeoff. Dittmer (1962) noted the

decrease in the distance between the forward foot at touchdown and the
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downward vertical projection of the body's center of gravity among the
grade schoal subjects; whereas, Mersereau (1974) noted just the opposite
trend among infants. An increase in leg extension as well as the joint
angle and joint angular velocity at takeoff was found by Clouse (1959),
Dittmer (1962), Fortney (1980), and Miyamaru (1974). Differences were
generally small, but developmental trends also were noted in the joint
angles and the joint angular velocities of the hip, knee, and ankle at
touchdawn and midsupport (Brown, 1978; Clouse, 1959; Dittmer, 1962;
Fortney, 1980; Miyamaru, 1974). Fortney (1980) examined the sequence of

accurrence of peak angular velocities of joint extension in the support

leg and joint flexion in the recovery leg in children. For joint
flexion during the recovery interval, peak angular velocity occurred in
the predominant order of knee, hip, and ankle. For joint extension
during the drive interval, the sequence occurred in the order of hip
knee, and ankle. Fortney found the total transfer of peak angular
velacity to follow the summation of forces beginning with flexion of the
knee, then flexion of the hip of the swing leg during its recovery
interval, followed by extension of the hip, then knee, and finally the
ankle of the support leg during its drive interval. This sequence of
the transfer of peak angular velocity was common amang the 4- and
b-year-olds in the study.

The path of the body's center of gravity created a wavelike pattern
in the sagittal plane af the developing runner just as it did in the
mature runner. Beck (1966) found that both the horizontal and vertical
displacements of the center of gravity increased with age, the greatest

gain being in the horizontal displacement. Clouse (1959) found similar
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results to Beck’s (1966) and also noted less vertical fluctuation of the
body's center of gravity, relative to the horizantal distance of the
stride. The reduced vertical fluctuation was evident as well as an
absolute increase in stride length, relative to leg length, with
advancing age and skill level. Clouse also noted that with increased
age the point where the body‘s center of gravity reached its highest
point during a running stride moved from the center of the support
period for the younger group to the center of the flight period for the
older group. All the biomechanical studies indicated that, with an
increase in age, either an increase in horizontal displacement or
horizontal velocity (speed) of the body’'s center of gravity occurred

Analysis of development of arm action in running is lacking in the
literature. Mersereau (1974) mentioned an increase in elbow extension
for one of her subjects between the age of 22 months and 25 maonths. In
a later study, Mersereau (1977) mentioned changes occurring in arm
movement with skill maturation in reference to a possible explanatian
for differences between 3- and 4-year-olds in total body kinetic energy
attributed to leg and thigh segments. Miyamaru (1974) found an increase
in the range of motion of the arm swing with increasing age, while the
angle of elbow flexion decreased.

Table 2 summarizes the major developmental biomechanical studies on
the skill of running in children. The characteristics noted are based

on the factors involved in good or mature running form as described by

Dillman (1975) and Wickstrom (1983).
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Table 2

Summary of Major Studies on Bigmechanics of Running in Children.

€. Kinetic analysis

B =S "
Developaental o il o il =z =) 18] g 2
Characteristics of 2= = g 2 _‘\EE o I B e e e U
Good Running Fora - slhelz iz l=lesl els]e Sl ol E RS S
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Increase in stride length + + + |+ + [ +
Decrease in support time + L I I B R 4 t]+
Decrease in vertical 5 e
displaceaent of body
Increase in leg extension
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The Mature Running Farm

Mature running is nat only a beautiful skill, but an exciting one
to observe. Running can be considered a simple skill because it is an
instinctive and natural activity. At the same time it is a difficult
skill when considering its mechanical complexity because, in essence,
all body parts are moving simultaneausly (Dysan, 1973; James & Brubaker,
1973) . /Although running is considered one of the most common forms of
locomotion, the efficient, mature form of the skill does not came
naturally. Efficient running form must be learned. \._‘Na two people run
precisely the same way due to various inherited and developmental
factors such as posture, anatomical structure, body proportions,
strength, training, as well as physiological and psychological factors.
Despite the many variables that affect running, efficient running
requires the smooth coordination of the entire body. Moreover, certain
characteristics of running follow a predictable sequence (James ¥
Brubaker, 1972, 1973). Evidence of the interest in studying human
locomotion can be found among the early works of Muybridge (1887/1955,
1887/1957) and Marey (1895). The advent of high speed cinematography
provided the opportunity to examine the mechanical complexities of
mavement. Fenn‘s (1930, 1931) pioneer efforts in the use of
cinematography have become classic studies on the skill of running.
Fenn's findings provided a basis for research an both the mature and the

developing skill of running.
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Components of the Running Cycle. Running is defined as a rapid

orm of locomotion characterized by brief periods of flight where the
ody is projected above the ground alternately by each leg (Dillman,
975; Fortney, 1980; James & Brubaker, 1972, 1973). FRunning is a cyclic
kill, meaning the same characteristic actions are repeated to create a
hythmical method of locomotion on level surfaces. For the purpose of
ovement analysis, it is more convenient to consider the various parts
hat constitute the running cycle, due ta the mechanical caomplexity of
he skill. As long as it is repeated, the running cycle can start
nywhere. For the purpose of this study the running cycle begins when
ne foot touches down, or makes first contact with the supporting
urface, and is completed when the same foot touches down again. A
unning cycle contains two strides (or steps), each consisting of a
Irive interval and a recovery interval. The drive and recovery
ntervals are further broken down into three phases each (James &
rubaker, 1971, 1973; Slocum & James, 1968). Each phase of the drive
nd recovery intervals will be examined separately.

The drive interval consists of the foot strike, midsupport, and
akeoff phases. The foot strike phase begins the instant any part of

e foot touches the support surface and continues until the entire foot
in full contact with the support surface. Flexion occurs at the hip
d knee joints with dorsiflexion at the ankle joint during the foat
rike phase. The midsupport phase begins with full foot contact and
sts until the heel breaks contact with the support surface. During

midsupport phase, action at the hip and knee joints sequentially

erse from flexion to extension and action at the ankle joint shifts



fron dorsiflexion to
center of gravity pas
takeoff phase begins
surface and continues
Extension occurs at t
it the ankle joint du
The recovery int
sing phase, and foot
the instant the toe |
thigh stops its backw
e forward soveaent
st anterior height
forwarg sWing phase,
reaches jtg Raxinug ;

Sumarizes the compor

Lea Actign - Or;

Interva] o the runp;
strike, (b) bear the
Marteg by qravnty,
Hintajp forwarg not;

Hergy expendnnre ar

y, 1983, slow

heg] Hrst; Whereas
baly

of the toot, Af

by i
Chharg dlrection re



59

fram dorsiflexion to plantar flexion. These actions occur as the body's
center of gravity passes over the foot in preparatian for takeoff. The
takeoff phase begins when the heel breaks contact with the support
surface and continues until the toe leaves the support surface.
Extension occurs at the hip and knee joints and plantar flexion accurs
at the ankle joint during the takeoff phase.

The recovery interval consists of the follaow through phase, forward
swing phase, and foot descent phase. The follow through phase begins
the instant the toe leaves the suppart surface and continues until the
thigh stops its backward movement. The forward swing phase begins with
the forward movement of the thigh and ends when the thigh reaches its
most anterior height position. Minimum knee angle occurs during this
forward swing phase. The foot descent phase begins when the thigh
reaches its maximum anterior height and ends with touchdown. Figure 13

summarizes the components of the running cycle.

Leq Action - Drive Interval. The functions of the leg in the drive

interval of the running stride are to: (a) absaorb the impact of foot
strike, (b) bear the body weight, (c) arrest the downward motion
imparted by gravity, (d) accelerate the body’'s center of gravity and (e)
maintain forward motion along a given line of progression with minimal
energy expenditure and loss of momentum (James & Brubaker, 1972, 1973;
Hay, 1985). At slow to moderate speeds, foot touchdown usually occurs
heel first; whereas at faster speeds the first contact may be with the
ball of the foot. At the moment of touchdown, the foot is moving in a

backward direction relative to the body’'s motion at a velocity




¢4




*8{24> BuruunJs e j0 sjuauoduod ay3y 3o AJewwng

“ET @anbig

31040 ONINNNY
sle

b1y 03 1421} 30141S SN it}
Fe————— (1331} Q01434 1H91 139f4—(1431) Q01¥3d 1404405 >l (LHS1¥) COI¥3
) (uBty) [easayur A

50




yprovinately equal to
fun, 19305 James & Br
Slocus & Jases, 1968).
ietween 70° and 80° re
fom just slightly ahe
hy's center of gravi
shurter the distance b
bdy's center of gravi
arface contact, assua
191, The short hori
iejection of the body
at the backwarg direc
tuchdown teng tq redu
tintain forygrg nonen
firection of the drive
e center line of pro
hrizonty) line traye)
Hthin the fidsagitts)
Iliqln"‘i Vertica) pla
ilygg, Each oot sho
ity "¥spectiye side
fron the tenter |jpg [}
L1} affect latery) ba
Centgy line of Progreag

gy,

The huaap bady,



&1

pproximately equal ta the forward velocity of the body (Dyson, 19703
enn, 1930; James & Brubaker, 1972, 1973; Hay, 1985; D. Miller, 1978;
’locum & James, 1968). At contact, the lower leg creates an angle
etween 70° and 80° relative to the perpendicular. The foot touches
jown just slightly ahead of the downward vertical projection of the
)ody's center of gravity. The faster and more mature the run, the
sharter the distance between the downward vertical projection of the
body ‘s center of gravity and the point where the foot makes support
surface contact, assuming a level surface (Dyson, 1973; Fenn, 1930; Hay,
1985). The short horizontal distance between the downward vertical
projection of the body's center of gravity and place of foot touchdown
and the backward direction the foot is moving at the instant of
touchdown tend to reduce the braking action of contact. This helps
naintain forward momentum since the foot is already moving in the
lirection of the drive at contact (Hay, 1983). Located on the ground,
-he center line of progression is an imaginary, single straight
orizontal line traveling the same direction as the runner and falls
/iithin the midsagittal plane. The midsagittal plane of the body is that
maginary vertical plane that bisects the body into equal right and left
)alves. Each foot should strike the supporting surface parallel to and
In its respective side of the midsagittal plane. Too great a variation
rom the center line of progression in the placement of the support foot
ill affect lateral balance and create a weaving action relative to the
enter line of progression (Dyson, 1973; Slocum % James, 1968; Wilt,
964) .

The human body, in a nonsupported state, behaves as a projectile
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and is gaverned by the laws af physics pertaining to projectiles (Hay,
1985). The magnitude of the parabolic flight path is determined by the
speed, height and angle of takeoff, any air resistance, and the downward
force of gravity. At touchdown, to help absorb the downward force of
gravity and the body weight on the support surface as the foot makes
first contact, flexion accurs at the hip and knee and dorsiflexion
accurs at the ankle joint. The knee is already flexed 30° to 35° at
touchdown (James ¥ Brubaker, 1972) and flexes another 10° (Fenn, 1930)
as the foot settles into the midsupport phase of the drive interval.
Slight flexion is maintained at the hip, knee, and ankle joints as the
body maves forward over the foot. Then, extension begins at the hip and
knee joint and plantar flexion occurs at the ankle joint helping to
drive the body up and forward into the takeoff. The summation of forces
that launch the body into the air begins in the lumbar spine-pelvic
musculature and progresses sequentially into the extensors of the hip,
extensors of the knee, and plantar flexors of the ankle (Dyson, 1973;
James & Brubaker, 1972; Slocum & James, 196B). In most instances, the
leg reaches its maximum extension as the foot leaves the ground at

takeoff.

Leq Action - Recovery Interval. The leg action during the three

phases of the recovery interval involves reversing the direction of
motion of the leg during each phase and, therefore, takes much more time
than leg action in the drive interval (James % Brubaker, 1972, 1973).
When the leg enters the first phase, the follow through phase, there is

A momentary continuation of backward movement of the thigh segment.
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Flexion at the knee begins as the recovery limb decelerates and the
flexor muscles of the hip are stretched to a length most suitable for
subsequent contraction. That is, at takeoff the lumbar spine reaches
its maximum extension, the upper pelvis tilts to its most forward
position, the body reaches its maximum rotation about the vertical axis,
the hip and knee move to maximum extension, the ankle reaches its
greatest plantar flexion, and the foot reaches to its farthest position
behind the body axis (Slocum & James, 1948). This continued backward
movement of the lower leg and foot serves two purposes. First, it
pravides a controlling factor so that the follow through occurs with
optimum timing. Entering the follow through too soon would exert a
braking action and wﬁuld require strenuous muscular effort (Slocum &
James, 1968). Second, the continued backward motion of the lower leg
and foot about the knee shortens the limb, thereby enabling the forward
swing to occur with greater speed and less effort than if the leg were
not flexed (Hay, 1985; James & Brubaker, 1972, 1973; Slocum & James,
1968; Wilt, 1964). As angular momentum is being transferred from the
rearward swinging thigh segment to the lower leg and foot, the lower leg
and foot continue their backward movement until the foot is near the
buttocks. The flexion that begins in the lumbar spine during the follaw
through phase, progresses to backward upper pelvic tilt, hip flexion,
and knee flexion.

The initial forward movement of the thigh segment marks the
eginning of the forward swing phase. During the forward swing phase
he thigh segment reaches its maximum height, relative to the

orizontal, at the same moment that the opposite leg is completing its
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takeoff phase. The vigorous upward and forward drive of the thigh,
combined with the downward and backward movement of the drive leg,
increases the support surface reaction forces, thereby increasing speed
{Dyson, 1973; James & Brubaker, 1972, 1973). The foot descent phase
begins after the thigh segment has reached its maximum height and the
body is in flight. The thigh segment begins to move downward and
backward, transferring angular momentum to the lower leg as it swings
farward. Hamstring contraction decelerates the lower leg as the foot
reaches its most forward position (Brandell, 1973). The knee maintains
approximately 35° of flexion as the total leg completes a change in
direction of travel from forward to backward in preparation for

touchdown (James & Brubaker, 1972, 1973).

Arm Action. The downward and backward driving of the support leg
in the takeoff phase sets up a line of reaction from the support surface
up through the support leg that creates a rotation of the pelvis about
the vertical axis of the trunk. This rotation of the pelvis continues
in one direction until the opposite leg pushes against the ground, then
the rotation reverses direction. For efficient running to accur, this
pelvic rotation must be counter balanced through effective, compensatory
and synchronous arm swing (Hay, 1985; Housden, 1944). At slaow running
speeds shoulder rotation also is effective in absorbing the rotational
forces of the legs. However, sh<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>