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Foreword

he summary and interpretation found on subsequent pages are
based on the ccntent of the book Physical Actrnty & Well-being. The
source book from which this content was extracted represents the most
recent and comprehensive review of the literature currently available
concerning physical activity and its relationship to total health.

This publication was written for those who seck the practical implica-
tions that are suggesied by the reviews in Physical Activity & Well-being.
In addition, those who do not have a background in the psychology,
sociology, and physiology of human movement will find that this ab-
breviated version provides a comprehensive overview o1 the outcomes
that can be expected when physical activity programs are properly
implemented. Public school administrators, curriculum specialists,
school board members, legislators, and parents whe read this interpre-
tation of the research literature will learn of many compelling reasons
for the inclusion of sound physical educztion programs in the K-12
curriculum.

Although the statements in this publication cannot do justice to the
wealth of inforrnation found in the eighteen chapters of Physical Activ-
ity €& Well-bemg, they serve as an overview of the benefits available
through physical activity. Persons who do not have the time or the
background to read the source book will receive a concise account of
the numerous ways that regular exercise contributes to good health.
For others, the statements provided here may stimulate a desire to
learn more about the context in which the benefits of physical activity
are most likely to occur.

The primary contribution of this book lies in its compelling docu-
mentation of the association between -hysical activity and good mental
and physical health. The overwliclming evidence indicates that exer-
cise can reduce or delay the undesirable effects of man, degenerative
diseases, and concurrently serves 1s a therapeutic agent in mental and
physical illnesses. Its value as a regular ingredient in daily living from
infancy through old age has been confirmed time and again by the
research. In addition to its many preventative and rehabiiitative bene-
fits, activity in some form adds quality to the lives of millions who use it
for recreational and aesthetic purposes.

The accumulation of evidence pertaining to the healthful effects of
regular exercise is of little value unless it is put into practice. This could
be accomplished most effectively if parents, school administrators,
physicians, and employers were to unite in acommon cause to promote
the Lealth-related benefits of physical activity. Three interrelated pur-
poses must be promoted. They are to: (1) place a higher value on the
incorporation of vigorous physical activities into daily schedules; (2)
promote the implementation of scientifically-based activity programs
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in the home, school and the work site; and (3) demand that the activity
programs currently in place produce evidence of their effectiveness in
terms of feasible results.

This compilation of the benefits that can be derived from physical
actwvity should result in a more determined effort to provide informa-
tion and services to a receptive audience. Clearly, the maximum contri-
bution of physical activity is only possible when it is initiated early in hfe
and continued throughout the life span. Activity must Le promoted in
both the home and the school in order to realize its full range of
benefits. The challenge now is to ensure that those who have the
potential for deriving the greatest values from exercise also have the
opporturiities to do so.

Vern Scefeldt
Paul Vogel
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Preface

his document interprets the reviews of literature contained in the

source book Physical Activity & Well-heing. It begins with a series of
statements proclalmmg the benefits of physical activity. These state-
ments 2re supported in the subsequent six sections with evidence that
has been excerpted directly from the 18 chapters of the source book.
The concluding section is written as a “white paper” to provide a
concise compilation of scientific literature relating physical activity to
biological ~.. 1 behavioral health.

Each statement in this document provides a partial answer to the
question, “What is the contribution of physical activity to total well-
being?” Persons who, for a variety of reasons, are unable to read the
sourcebook, but are able to digest this synopsis, will find in it 161
statements attesting to the benefits of physical activity. Whenever feas-
ible, direct iinplications to programmatic settings and qualifications of
instructors are also provided.

This summary of the information contained in Physiwcal Actwity &
Well-being is written for several purposes. Those who seek evidence for
the promotion of physical activity in personal or public programs will
find ample evidence for its inclusion. Those who have been challenged
to justify the existence of current a<tivity programs will learn of the
many potential contributions and the context in which the benefits of
physical activity are likely to occur. Those who read this compendium
simply because of intellectual curiosity are likely to be impressed with
the many parameters of human function that can be positively influ-
enced by exercise.

This accumulation of facts about physical activity comes at a time
when a nation of potential beneficiaries seems beseechingly receptive
10 evidence concerning its benefits. The prudent incorporation of
physical activity in the living patterns of individuals young and old has
tremendous implications for our nation’s health care, vocational pro-
ductivity, socioeconomic climate, and general quality of life. The au-
thors hope that this condensation of evidence pertaining to the vaiue of
physical activity provides addiuonal impetus for its inclusion as an
essential ingredient in daily living.




Purposes of the American Alliance For Health,
Physical Education, Recreation and Dance

The American Alliance is an educational orgamization, structured for ihe
purposes of supporting, encouraging, and providing assistance to member groups
and their personnel throughout the nation as they seek to nitiate, develop, and
ccaduct programs in heal*h, leisure, and movement-related activities for the
enrichment of human life.

Alliance objectives inciude.

1. Professional growth and development—to support, encourage, and provide
guidance in the development and conduct of programs in health, leisure, and
movement-related activities which are based on the needs, interests, and inherent
capacities of the individual in today’s society.

2. Communication—to facilitate public and professional understanding and
appreciation of the importaice and value of health, leisure, and movement-
related activities as they con‘ribute toward human well-being.

3. Research—to encourage and facilitate research which will enrich the depth
and scope of health, leisure, and movement-related activities, and to disseminate
the findings to the profession and other interested and concerned publics

4. Standards and guidelines—to further the continuous development and
evaluation of standards within the profession for personnel and programs .n
health, leisure, and movement-related activities.

5. } blic affairs—to coordinate and administer a planned program of profes-
sional, public, and governmental relations that will improve education 1n areas of
health, leisure, and movemen.-related activities

6. To conduct such other activities as shall be approved by the Board of
Governors and the Alliance Assembly, provided that the Alhance shall not
engage in any activity which would be inconsistent with the status of an educa-
tional and chartable organization as defined in Section 501(c) (3) of the Internal
Revenue Code of 1954 or any successor provision thereto, and none of the said
purposes shall at any time be deemed or construed to be purposes other than the
pubiic benefit purposes and objectives consistent with such educational and
charitable status

Bylaws, Arucle 111
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CHAPTER ONE

Benefits of Physical Activity

Y he statements which follow are presented as outcomes that can be

obtained through the prudent and timely particinatio «in physical
actwvity. Earh of the statements represents a summary ot the scientific
evidence that was provided by the authors of Physical Actrty & Well-
bemng. Each of .he outcomes is supported by a series of statements,
precented in the six subsequent sections of this document.

The outcomes presented here were seiected because of their rele-
vance to programs of physical education. Tnc list does not include all of
the potential outcomes to be attained through exercise, no: does omis-
sion lessen their importance as objective.  +be achieved through physi-
cal activity. The inclusion of cutcomes in this list signifies that they can
be readily achieved through participation in the appropriate kinds and
amounts of physical activity. Readers who seek information about
additicnal outcomes are urged to consult the source book, which con-
tains an extensive bibliography of the original citations.

Participation in the Appropriate Kinds
and Amounts of Activity

1.  Promotes changes in brain structure and function in infants and
young children. Sensory stimulation through physical activity is
essential for the optimal growth and development of the young
nervous system.

2. Promotes early cognitive function through imitation, symbolic
play, the develospment of lar.guage, and the vse of syinbols.

3. Assistsin the development and refinement of perceptual abilities
involvirg vision, balance, and tact.le sensations.

4.  Enhances the function of th: cer. “al nervous system through the
promotion of a healthier neuron. network.

(611

Aids the development of cognition through opportunities to de-
velop learning strategies, decision making, acquiring. retrieving,
and integrating, infurmation and solving problems.

6. Forufies the mineralization of the skeleton and promotes the

13
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10.

11.

14.

15

16.

17.

18.

19.

20.

maintenance of lean body tissue, “hile simultaneously reducing
the d¢ position of fat.

Leads to preficiency in the neuromuscular skills that are the bas's
for successful participation in games, dances, sports, and leisure
activities.

Is an important regulaior of obesity because it increases energy
expenditure, suppresses appetite, increases metabolic rate, and
increases lean body mass.

Improves aerobic fitness, inuscle endurance, muscle power, and
muscle strength.

Is an effective deterrent to coronary heart disease due to its
effects on blood lipids, blood pressure, obesity, and capacity for
physical work.

Improves cardiac function as indicated by an increased stroke
volume, carciac output, blood volume, and total hemoglobin.
Is associated with a reduction in atherosclerotic diseases.

Promotes a more positive attitude toward physical actwvity and
leads to a more active lifestyle during unscheduled leisure time.

Enhances self-concept and self-esteem as indicated by increased
confidence, assertiveness, emotional stability, independenc », and
self-control.

Is a major force in the sociahzing of individuals during late
childhood and adolescence.

Is instrumental in the development and growth of moral reason-
ing, problein solving, creativity, and social competence.

Is an effective deterrent to mental illness and the alleviation of
mental stress.

Improves the psychosccial and physiological functions of men-
tally and physically handicapped individuals.

Deters the depletion of bone mineral and lean body tissue in
elderly individuals.

Prevents the onset of some diseases and postpones the debiltat-
ing effects of old age.

An elaborauon of these benefits is found in the 161 statements
contained in the following six sections of this document.

ERIC
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CHAPTER TWO
Motor Skill Acquisition

T he acquisition and refinement of movement skills, whether involy-
ing the total body in activities such as running and jumping or in
fine motor tasks such as tying one’s shoe laces, is rega:dcd as an
essential part of normal growth, deveiopment, health maintenance and
aging However, the degree to which these skills are acquired and
maintained as a result of normal processes, as opposed to the contri-
butions made by organized activity programs, has been a matter of
controversy. Evidence from research conducted during the last two
decades has clarified the role of movement: (1) in normal cognitive,
moral and social development; (2) as an agent in normal physical
growth and biological maturity; and (3) as a precursor to the life-long
patterns inherent in the games, dances and sports of our culture. The
following statements recount the role of movement in these functions.

1.  Thereisa well-determined order and sequence of reflexes, reac-
tions and fundamental motor skills which arc common to chil-
dren regardless of gende., race or culture. These reflexes, reac-
tions and skills are called “fundamental” because they serve as the
foundation for future motor skill development. (Haubenstricker
and Seefeldt; Williams)

2. Early environments, whether intrauterine, neonatal or those of
infancy and early childhood, have a zrotound effect on the child’s
subsequent cognitive and perceptual-motor developmert.
(Haubenstricker and Seefeldt; Thomas and Gallagher; Wilharas)

3. Voluntary movement patterns of infancy are closely associated
wich the substrate of reflexes and patterned reactions. Perfection
of voluntary movements requires the interaction of growth, mat-
uration, and opportunities to integrate emerging skills with pre-
vious ones (Haubenstricker and Seefeldt)

4.  The order in which specific motor behaviors emerge is common
to nearly all infants. With increasing age, tne variability in ap-
pearance of voluntary motor behavior increases. This reflects the
greater opportunities of environment, in lieu of genetics, to in-
fluence the nature and rate of skill acquisition. (Haubenstricker
and Seefeldt)

El{fC‘ 15
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The ease of changing of motor behavior in early life, combined
with the motivation to move while iearning, suggests that child-
hcod is an ideal time to acquire new mot»: skills and refine those
that are already present. (Haubenstricker and Seefeldt; Thomas
and Gallagher; Williams)

Integration of the sensory-motor system, as observed in refined
motor functions, requires proper encouragement, abundant op-
portunities for practice and the selection of activities that are
appropriate to a child’s level of readiness. Teachers of move 1ent
must be familiar with the stra-egies that children are capable of
using at various ages, and the relationship of previous to present
experiences if they are to provide proper learning environments.
(Thomas and Gallagher; Williams)

Two essential benefits of early sensory-motor experiences are
increased abilities to suppress nappropriate responses (for
exampie, involving the total body, when movement of one hand is
sufficient) and the selective attention to useful cues, while simul-
taneously ignoring irreleva.-t information. These opportunities
for movementand concommutant skill acquisition during infancy
and early childhood provide the foundation that is essential to
skilled per”»rmance at later ages. (Thomas and Gallagher;
Williams)

Development sequences of the key elements constituting numer-
ous skills of locomotion and object control have been 1dentified.
These sequences should become the basis of error detection,
error correction, and the selection of appropriate motor learning
experiences for children. (Haubenstricker and Seefeldt)

Although there is a linear progression in the proficiency of fun-
damental motor skills during childhood, there is a great within-
age variability that frequently spans the mean performance of
adjoining ages. For this i eason, teachers inust be prepared to deal
with a wide range of cbilities and general inconsistencies in
peformance during the elementary school years. (Hauben-
stricker and Seefeldt)

There is considerable overlap in the motor performance of boys
and girls « f the same chronological age during early and middle
childhood. However, gender differences favoring boys in skills
that require strength, = ower, and agility and girls in skills that
1equire balznce and flex. vility are alreadv present at these ages.
(Haubenstricker and Seefelat)

Comparisons of motor performance ir: jumping, throwing, kick-

ing, and striking, whether quantitative or qualitative, favor boys
over girls through childhood. These differences are increased

16
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12.

13.

14.

16.

17.

18.

during late childhood and the teenage years. (Haubenstricker
and Scefeldt)

Successful participation in the dances, games, and sports of our
culture depends upon proficiency in numerous fundamental
movement skills. Children who have competencies in the funda-
mental skills are at an advantage when new skills are introduced
because the new skills are likely to contain components of those
already learned. (Haubenstricker and Seefeldt)

Children whe are proficient in motor tasks during childnood are
more relaxed and adept at learning subsequent skills.
(Haubenstricker and Seefeldt)

Teaching movement skills from a knowledge of their sequential
development has much to recommend it: the sequences are
readily learned by teachers; they can be accurately assessed; they
provide the information necessary for instruction; and they lend
themselves to verification. The fact that many teachers of move-
ment are not compeient in the use of sequences should not
detract from their apphication. (Haubenstricker and Seefeldt)

Cognition, or knowing how to perform a motor task, is an integral
part of learning to move. Learning motor skills involves planning
the correct movement, performing 1t, gathering information
about its outcome. and making the necessary changes for the next
attempt. This process requires many repetitions and significan:
feedback if skillful perf rmance is to result from it. (Thomas and
Gallagher)

Eacly attempts at learning a skill are highly dependent upon
vision. With practice, the learner relies less on vision as cont: ol
shifts from dependency on external to internal cues. The result is
the movements become more rapid, smooth, and coordinated.
(Thomas and Gallagher)

Skillful individuals are able t~ »erform under a variety of circum-
stances and are able to detect how the outcome of a skill relates to
the duration, force, pattern, and size of the movement. This
adaptation suggests that the practice of skills should take place
under varying conditions (Thomas and Gallagher)

The ability to benefit from a demonstration depends on the age
and cognitive abilities of the learner. The ability to intentionally
remember a niovement is not well developed until approximately
six or seven years of age. The ability to use vision in moior
performance is also greatly improved after age seven. Teachers of
movement must consider these principles when selecting the
tasks to be learned. (Thomas and Gallagher)

The motor performance of children is improved by such teach-

5 17
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20.

21.

22.

23.

24.

er-assisted strategics as applying labels to portions of a move-
ment, attending to meaningful cues, actively rehearsing the
movement, receiving knowledge of results and attempting to
remember the sequence or order of a complex skill. A competent
teacher will ensure that this information and the appropriate
strategies are part of the learming process. (Thomas and Gal-
lagher)

Children are not as skillful as older indwviduals for a varety of
reasons, including cognitive limitations. Among these are a stor-
age center that concains little information, inadequate arrange-
ment of that information and the inability to retrieve the informa-
tion for immediate use. However, they are able to acquire a rich
knowledge base in a specific area and become very proficient in it.
(Thiomas and Gallagher)

Children must learn to integrate information m the major
sensory systems, such as the auditory, visual, tactile, and kinesthet-
ic, if they are to acquire the more refined motor functions neces-
sary to regulate posture and performa variety of movement tasks.
(Williams)

Requiring children to make rapid decisions while performing a
skill causes a deterioration in performance because of children’s
inability to select the correct responses when called upon to do so
quickly. (Thomas and Gallagher)

One consistent correlate of sub-standard motor performance and
low levels of aerobic fitness levels in children 1s excessive body fat.
Excessive weight in early ~hildhood is not only associated with
coronary heart disease, but it also impedes motor development.
This cychc process of weight gain and delayed motor develop-
ment must be interrupted through proper activity levels aud diet.
(Eisenman)

There is some evidence that the joy of movement and the
healthful benefits of vigorous activity have their genesis 1n the
cxpericnces of childhood. Skills and sports that are used in adult-
hood generally were learned during childhood. (Haubenstricker
and Seefeldt)
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CHAPTER THREE

Physical Growth and
Maturation

P hysical growth and maturation are biological processes that domi-
nate the first two decades of ife. We do not actually measure the
processes involved in these phenoinena, but their outcomes are oo-
served and assessed. Much attention is directed to the assessment of
growth during infancy and childhood because 1ts progress is an index
of the beneficial or detrimental environmental variables by which it is
influenced. Thus, nutrition, rest, psychological status, physical activity
and many other factors determine how a child grows, within the
bounds set by genetics. The age-old questions of “How much activity is
necessary for maximum stimulation of growth?” and “V'hen does the
stimulation become excessive?” are impossible to unswer fully, given
the evidence available at this time, but a partial response 1s provided by
the following statements.

Biological maturity is of great concern to parents and educators
because of its relationship to the body's readiness to perform certain
functions, tolerate certain stresses, and profit from certain kinds of
intellectual stimulation. Pertinent to this review is the influence of
physical activity in either advancing or retarding the rate of biological
maturation. Although, once again there are no uncquivocal answers,
research conducted on young athletes who have been subjected to
rigorous training programs has provided us with some answers to the
influence of activity on biological maturity.

25. Physical activity, as assessed in the work, play, and training pro-
grams of children and youth, apparently has no detectable etfect
on their stature or maturation, as measured by skeletal age or
sexual maturation. Even the strenuous training programs to
which many youngathletes arc subjected do nct seem to adversely
affect their stature or rate of maturation (Malina)

26. Physical acuvity is an important factor in the regulation and
maintenance of body weight. Regular physical activity results in
an increase of lean tissue and a corresponding decrease in body
fat, often without any appreciable change in total body weight.
fiowever, the most dramatic changes due to training in children

' 19
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are associated with fat tissue. Persons of all ages who engage n
regular physical activity have less body fat than their sedentary
peers. (Eisenman; Malina)

Pegular physical activity has a significant influence on the growth
and integrity of bone and musdle tissue. Activiiy increases sheletal
mineralization and, thereby, the density of bones Actvity also
increases the width of bones, resulting in a sturdier skeleton.
(Eisenman; Malina)

Specifc kinds of activity can cause muscle hvpertrophy, resulting
in increased contractile proteins and enhanced oxidative enzyme
activity. These changes are a function of the wntensity and duration
of the activity programs. Even within standardized training pro-
grams, the results may be highly individualized; therefore,
supervisors of activity programs must correlate the effects of
activity with the needs and capabilitics of their clients. (Malina)

Gender differences in body size and most indicators of physical
size and body composition are minor prior to the circuinpuberal
growth spurt. Boys, in general, tend to be larger in most dimen-
sions, more mesomorphic and have more muscle and lean body
mass than girls. Girls tend to be endomorphic and have greater
amounts of body fat than boys (Malina). Differences in body size
and composition betweei boys and girls at the extreme ends of
the distribution probably account for the superiority of boys 1n
skills that require strength and power, and for girls in skills
requiring flexibility and balance. (Haubenstricer and See” lt)

. Gender-related effects of growth and maturity are well Jefined,

with girls attaining their growth spurt, on the average, two years
earlier than boys. In boys, the growth spurt is accompanied by a
substantial increase in shoulder width and muscle tissue, while fat
tissue generally decreases. In girls, puberty is accompanied bt a
relative increase 1n hip width and fat tisue, while the total body
weight 1s made up of relatively less mus.le tissue. These caanges
further accentuate the differences in motor performance be-
tween males and females that become evident in later childhood
(Haubenstricker and Seefeldt; Malina)
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CHAPTER FOUR
Skilled Performance

and Health-Related Fitness

here is convincding evidence that physical activity programs, of the

proper intensity, duration, and emphasis, can enhance skill levels
and the health-related benefits associated with aerobic and anaerobic
energy systems. Whether these outcomes are being achieved in
school-based physical education programs depends on local circum-
stances.

This section presents evidence that under the proper conditions,
substantive gains in cardio-respiratory, muscular, and neuro-motor
functions occur as a result of tr.ining and practice. In local programs
where these outcomes are not being realized, the challenge is to
redirect emphasis and resources into avenues that have a high proba-
bility of producing the desired outcomes.

The achievement of objectives related io performance and health-
related fitnessis esssential to the existence of physical activity programs
in the public school curricula. Failure to achieve such objectives repre-
sents a dilemma of grave proportions. The assurance presented in this
section concerning the attainability of objectives relating to perfor-
mance and health-related fiiness should be encouraging to teachers
and supervisors who have attempted to produce outcomes that match
expectations. Revicws from which the stateinents were excerpted
provide a compelling case for regular physical activity as an essential
component in the lives of children and adults. Failure to achieve these
desired outcomes in local programs suggests that their present at-
tempts at attainment require additional scrutiny

31 Regular physical activiy is recommended as an effective treat-
ment for obesity because it increases energy expenditure, may
suppress the appetite, increases basal metabolic rate, stimulates
fat loss, and minimizes the loss of lean body mass. In addition,
physical activity is relatively inexpensive or free, non-toxic, and
generally harmless. It may be habit-forming, but seldom addict-
ivz. (Eisenman; Haymes)

32  QObesity is a serious health problem because of its association with
reduced longevity, non-insulin dependent diabetes, hyper-
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lipidemia, hypertension, renal probiems, degererative joint
diseases, and compl.(auom during pregnancy Obcsnty has direct
implications for school-based programs because statistics reveal
12% of prepubertal children and 16% of adolescents are obese.
Because children spend a large proportion of their day in school-
related activities, the school setting appears to be an ideal place to
teach lifestyle habits that include proper nutrition and generous
amounts of physical actity. (Eisenman)

Increased bone mass, as a result of vigorous activity during child-
hood and adole cence, can provide a reservoir to guard against
age-related depletion and osteoporosis, particularly in middle-
aged and older women. (Eisenman; J{aymes)

The body's muscle mass is an important determiner of daily
caloric expenditure. Because exercise increases and maintains
muscle mass, a continuous program of activity throughout
adolescence, aduithoud, and old age can retard the loss of lean
body tissue and, thereby, curtail the onset of adult-related obesity.
(Eisenman)

The most efficient way to combat the effects of obesity is to
prevent it. The causc of obesity have been clearly defined. The
most feasible way to prevent the onset of childhood obesity is to
promote exercise and nutrition in school-based progiams that
involve the entire family. (Eisenman; Haymes)

Cardiorespiratory endurance usually can be improved in previ-
ously inactive individuals through training programs that require
at least 20 minutes of aerobic activity, three or more times per
week, atan intensity thatis at least 50% of maximal aerobic power.
(Eisenman; Pate and Durstine; Wells)

Skeletal muscle tissue adapts to endurance training by increasing
oxidative capaaity. Increased oxidative capacity is the result of
increased activity of the enzymes of aerobic metabolism, in-
creased number of mitochondria, increased storage of glycogen
and triglycerides, increased utilization of fat as an energy-
providing substrate, and increased capillary density. (Fate and
Durstine; Spirduso)

The stroke volume of the heart is increased in response *o endur-
ance training. Tl increase in stroke volume is associated with
decreased heart rate during rest and submaximal exerase, and
with increased maximal cardiac output. Total blood voluine,
plasma volume, red cell mass and total hemoglobin all increase
with endurance training. (Pate and Durstine; Spirduso; Wells)

Endurance training results in increased power output at inaximal
exertion. This increase 1s due primarily to increased maximal
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aerobic power which 1s, in turn, secondary to an increase in
maximal cardiac output and maximal arteriovenous oxvgen dif-
ference. (Pate and Durstine)

Tolerance for sustained, submaximal exercise 1s improved with
training. This improvement results from increases in anaerobic
threshold and, in some cases, increased work efficiency (Pate and
Durstine)

Endurance training tends to reduce premature developinent of
the atherosclerotic diseases such as coronary heart diseasc. This
effect may be due te an improved blood lipid profile, decreased
blood pressure in persons with borderline hypertension, de-
creased percentage of body fat, and decreased myocardial oxy-
gen demand. (Eisenman; Freedson; Pate and Durstine; Wells)

Cardiorespiratory endurance tends to decrease with aging in
adults. However, endurance training can improve functional ca-
pacity and associated cardiorespiratory variables in the elderiy.
(Pate and Durstine; Spirduso)

Due to their greater body fatness, lower blood hemoglobin con-
centration, and a smaller heart, females, as a group, manifest
lower cardiorespiratory endurance than males. However, train-
ing causes a percentage increase In maximal aerobic power in
females that is comparable to that seen in males. (Pate and
Durstine; Wells)

Children have a lower tolerance for endurance exercise than
young adults. This difference is due to the child's lower absolute
maximal aerobic power and lower efficiency n activities like
walking and running. Children are physiologically responsive to
endurance training if the program is sufficiently demanding and
prolonged. (Pate and Durstine)

Isometric exercise can be used to increase muscular strength,
providing the program includes a minimum frequency of three
times per week, an intensity of at least 30% of maximum, a
duration of at least six seconds for each contraction, and contrac-
tions at several points within the range of motion for each muscle
group included. (Kamen)

Isotonic exercise may be used to improve strength, providing the
exercise occurs at least three times per week, with a load of three
to eight repetitions maximumi in sets of 3 to 10 exercise bouts. The
training effect will occur in 6 to 10 weeks. (Kamen)

Strength training programs that exercise muscle groups by
lengthening the muscle group provide similar gains to those that
involve shortening the muscle group. The lengthening proce-
dure has a tendency to produce more muscle soreness. The best
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type of strength training procedure 1s one that comes closest to
the type of contraction experienced in the event for which the
athlete is training. (Kamen)

Isokinetic exercise involves a maximal force applied through a
complete range of motior. at a set speed. Strength gains using this
procedure are similar to the others. however, this technique
provides for the opportunity of speed-specific strength develop-
ment. (Kamen)

Appropriate strength training programs will increase the energy
substrates in muscie tissue necessary for high resistance perfor-
mance, as well as the anaerobic enzymes needed for short-
duration activities. (Kamen)

Most researchers agree that training does not increase the
number of muscle fibers, but increases the size of the fibers to
increase overall strength. There is some evidence, however, that
fiber splitting may occur, resulting in an increase in the number
of fibers or at least an increase inthe number of branches of fibers
available for contraction. (Kamen)

Initial changes in muscular strength appear to be a function of
changes in neurological factors which result in improved perfor-
mance. Later in the training program, the changes appear to be
greater in the structure of the cells (fibers) and in the metabolic
process that supplies energy to the muscle fibers. (Kamen)

The body tends to maintain symmetry; training the musculature
of one side transfers to the other side to some degree. This
transfer of training is a result of neurological factors involved
with the stimulation of the fibers. External electrical stimulation
can also increase muscular strength; however, the strength gains
are more observable in movements of low velocity. Electrical
stimulation has been used most effectively for rehabilitation pur-
poses. (Kamen)

Considerable misinfor nation exists concerning the effects of
exercise on menstr.z! cunction, as well as the effects of menstruai
function on exercise performance. Recent scientific literature
regarding this relationship should aid in replacing the numerous
myths about this topic with research-based data. Scientific inves-
ugations have not detected differences in performance related to
phases of the menstrual cycle. (Wells)

Researchers studying the eftects of the menstrual cycle on physi-
cal performance have concluded that: (a) differences in perfor-
mance were not related to the menstrual phase; (b) oxygen up-
take. carbon dioxide production, respiratory rate, and metabolic
factors were not affected by the menstrual phase; and (c) hor-
monal fluctuations during the menstrual cycle did not adversely
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affect the exercise performance of trained athletes or of un-
trained women, even when the latter exercised i a hot-dry envi-
ronment. (Wells)

Highly trained women athletes have a higher incidence of
menstrual irregularity or cessation' than do nonathletic, non-
pregnant, and non-iactating females. Several hypotheses have
been proposed to explain this occurrence, but, to date, none have
been sufficiently tested to gain widespread support. Exerase-
related menstrual cessation 1s a benign and reversible condition in
most athletes. (Wells)

A strenuous lifestyle such as that characteristic of a young athlete
(8to 14 years of age) is associated with alater age at menarche, the
first mestrual flow. This relationship is particularly evident in
gymnasts, ballerinas, figure skaters, divers, and runners. Why
young athletes tend to have a delayed menarche is not entirely
understood at present. One hypothesisis that young girls who are
genetically programmed to be later maturers are also more likely
to be athletes because the biological characteristics associated with
later maturation (longer legs, narrower hips, etc.) are advantage-
ous in most sports and in dance. (Malina; Wells)

While most research supports the belief that sports participation
has a generally favorable effect on dysmenorrhea (painful
menstruation), a few studies indicate that certain sports, such as
swimming, may cause the condition. Updated information on
dysmenorrhea in young athletes is needed to reevaluate this
question. (Wells)

Dehydration is the primary cause of heat illness. Adequate water
intake during exercise is necessary for maintaining blood volume
and body temperature. If electolyte-laden drinks are used, they
should be diluted to ensure rapid emptying from the stomach.
(Haymes)

Therc s little evidence that vitamin supplements improve per-
formance wien the diet is adequate. Protein needs of athletes also
are met by an adequate diet, although the protein requirements
for adolescents are greater than for adults, relative to body
weigue. (Haymes)

Low calcium intakes are frequently observed among females.
High calcium intake delays bone mincral loss, which occurs in
both men and women, but proceeds at a faster rate in women
after age 40 (Haymes)

Inadequate iron intake is the most common nutritional deficiency
in the United States and is especially common among females.
Depletion of iron stores in the body leads to iron deficiency
anemia and reduced oxygen transport to the tissues. (Haymes)
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Muscle glycogen stores limit the amount of heavy exercise that
can be accomplished. Children have smaller glycogen stores than
adults and produce less lactic acid. This may be one of the limiting
factors that sets the performance of children apart from that of
adults. (Haymes)

Fatis a major source of energy at low exercise intensities. Endur-
ance training increases fat mobilization and utilization. (Haymes)

Ingestion of diecs high in saturated fat is associated with elevated
serum cholesterol levels. {Haymes)

There is evidence that participation in physical education pro-
grams can stimulate desirable shifts in studems’ physical actvity
levels and that participation in physical education programs can
significantly influence how children feel about physical activity
and health-related fitness. There s cotvincing evidence that par-
ticipation in physical education programs can improve knowl-
edge relative to healthy lifestyles. (Vogel)

There is convincing evidence that participation in physical edua-
tion programs can improve motor performarce at all age and
grade levels. (Vogel)

There is evidence that participation in physical education pro-
grams can improve static balance and flexibility at the hip and
spine. However, flexibility at the ankle may be decreased. (Vogel)

There is convincing evidence that participation in physical educa-
tion programs can improve aerobic fitness, inuscular endurance,
muscular power, and muscular streagth. (Vogel)

There is evidence that participation in physical education p o-
grams can positively alter shifts in body composition. However,
there is little or no evidence that participation in physical educa-
tion programs has altered nutritional practices. Therefore, the
reduction m body fat and increase in lean body tissue is attributa-
ble to the effects of exercise. Alteration of nutritional practices
through school-based pragrams may require a greater concentra-
tion of effort than has been evident to date. (Vogel)
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CHAPTER FIVE

Meuromuscular Function
and Academic Achievement

he study of sensory motor function experienced a revival during

the 1960’s because of its alleged association with cognitive de-
velopment, especially in young chiidren and those with sensory or
motor impairments. Although the association between neuromuscular
function and cognitive developmentin children had been accepted for
some time, it is Piaget, whose theories on cognitive development stimu-
lated research in this area, who deserves credit for renewing the inter-
est of scientists in this controversial topic.

This section clarifies the developmental periods when a cause-and-
effect relationship is most likely to exist between neuromuscular func-
tion and the growth of intelligence. It also identifies the envircnments
in whick activity is likely to assume an adjunctive role in maintenance of
nervous system integrity and enumerates the problems inherent in the
age-old attempts to establish a cause-effect relationship between partic-
ipation in activity and academic achievement.

Although an analysis of program results refutes the direct relation-
ship between perceptual motor activities and improvement in intelli-
gence or academic achievement, these programs have generally in-
volved children of school age and frequently those with some identified
motor or perceptual deficit. The influence of activity on developing
and aging nervous systems appears to be directand essential. However,
research has not clearly established the extent of the dependence, nor
the kinds and amounts of activity that are most beneficial to growth and
maintenance of the nervous system.

Reviews of existing literature support the following statements:

70. Motor skill development, in both children and adults, involves
learning to progressively inhibit unnecessary activity in muscle
groups located in widespread parts of the body and to control
activity in muscle groups that are essential to the performance of a
specific task. (Williams)

71. Play and physical activity provide young children with the oppor-
tunities to sele-t sensory information that is relevant to the task
they wish to .. :torm and also to learn how to use that information
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to produce appropriate responses while suppressing inappropri-
ate ones. (Williams)

Children exhibit adult-like responses to specific motor tasks at the
time th cerebral cortex is nearing maturation. Thus, the pattern
of movement responses in children is determined by experience,
within the bounds set by the current maturation of the nervous
system. (Williams)

Postural control in infants and young children is domirated by
the visual system. This linkage between the motor and visual
systems is present prior to the time when experience or practice
could exert a major influcence. (Williams) The shift from visual
dependence to automated responses coincides with the im-
provement of motor resporses in childien. (Thomas and Gal-
lagher)

An important function of early motor experiences in the infant
and child is to learn how to use the various forms of visual,
vestibular, and proprioceptive information to regulate
movements. (Williams)

Movcment and cognitive function are only related to the degree
that the movement involves substantial cognition, or that success
in the movemert task underlies successful cognitive perfor-
mance. The hypothesis that “improving perceptual-motor func-
tion willimprove cognitive function” comes from the observation
that the two areas are positively correlated. (Thomas and
Thomas)

In children with neurological problems, there 1s a persistence of
the primitive reflcxes and a delay in the postural reflexes. Normal
motor development is also delayed. However, intervention with
aurmented sensory feedback has been successful in remediating
some of the motor difficulties. (Williams)

The ability to perform complex movements skillfully is partially
dependent upon the integration of visual and proprioce ptive
information. Because children under seven years of age do not
use visual information well, it is the 1esponsibility of teachers to
select activities that will permit the integration of various sensory
information without unduly challenging the child’s capacities.
(Williams)

To function effectively in the cognitive mode, the young child
must develop at least a minimal set of neuromuscular skills.
(Williams)

If children are deficient in certain cognitive skills, the best solu-
tion to the deficiency to remediate the specific cognitive skills.
Similarth motor skills are task specific and require task specific
practice for their improment. (Thomas and Thomas)
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Perceptual-motor development theory and research suggest that
early sensory and motor experiences, physical activity, and cogni-
tive growth are interdependent. (Williamns)

Physical activity, through its positive relation to one’s self-worth,
may indirectly influence cognitive performance in children. The
incre sed capacity to undertake physical and mental work may
increase a child’s contidence, thus enhancing body image, at-
titude, and goal achievement. (Williams)

If cognitive performance is a reflection of optimal brain growth
and development, then sensory-motor stimulation must be con-
sidered an important factor in the early development of the
child’s cognitive behavior. Physical activity, in which vision and
proprioception are stimulated, could contribute significantly to
neural development. (Williams)

Blood flow to specific areas of the brain involved in the perfor-
mance of a motor task may be increased by as much as 30%. Such
evidence suggests a potentially important link between physical
activity, sensory-motor stimulation, and cognitive performance.
(Williams)

The first two postnatal years seem to be significant in promoting
optimal development of brain function. At this time the child
establishes a repertoire of manipulative and locomotor skills,
learns to organize and use sensory infrrmation, and learns con-
cepts of self, time, and space. These movement experiences
provide the foundation for imitation, symbolic play and lan-
guage, all of which are important in early cognitive functioning.
(Williams)

Changes in brain structure and function are more likely to occur
if there is physical activity or manipulation of the environment by
the organism. Thus, motor involvement on the part of the or-
ganism is an integral part of the process that produces changes
which accompany more refined neural function. (Williams)

Environmental stimulation may be an important factor in deter-
mining both the kind and range of stimuli to which the brain
responds. In this way, sensory-motor stimulation, an inherent
patt of motor skill development, and physical activity may be
extremely important in promoting optimal growth and develop-
ment of the nervous system in infants and young children.
(Williams)

Function of the central nervous system may be aided in several
ways by exercise: (a) muscle contractions increase the health of its
innervating neurons and neuronal network; (b) movement ap-
pears to produce changes in related neural structures of the
brain; (c) neurotransmitter functic .. increases with activity; and
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(d) blood flow, which provides nutrients to support the increased
metabolism in these associated regions as movements begin and
continue, also improves. (Spirduso)

Because psychomotor behavinr is dependent on the integrity of
the central nervous system and physical fitness 1s related to
psychomotor performance, this suggests that a lifestyle of exer-
cise may maintain optimum brain function n some types of
hehavior. (Spirduso)

Physical education and sport each make valuable and unique
contributions to the development of health, knowledge and skill
of children, youth and adults. The need to justify either beyond
their unique contributions is unnecessarv and usually without
cause. Neitner sport nor physical education interfere with
academic performance. Rather than trying to glonify physical
education and sport with an academic rationale, we should do an
excellent job of promoting fitness and developing motor skills.
(Thomas and Thomas)

Athletics does not cause individuals to be better students; rather,
some characteristics which influence athletic participation also
influence academic performance. Conversely, athletics do not
necessarily interfere with academic performance, nor with the
curricular requirements and activities of most high schools.
(Thomas and Thomas)

Generally, athletes are not less competent academically than
ner-athletes, nor does being a good athlete exclude a student
trom academic success. However, situations exist where the edu-
cation of athletes is deemed less important than their athletic
careers, and consequently, academic achievement is neglected.
(Thomas and Thomas)

Sport has an overwhelming influence on black youth. The trag-
edy of the black athlete (who make up 50% of college athletes) is
that only 25% of them graduate. Of these, 75% are enrolled in
degree programs that are designed to keep them eligible, but not
necessarily employable. (Thomas and Thomas)

Participation in physical education programs can contribute
(probably indirectly) to student pc  ormance on academic mea-
sures. More importantly, 1t appears that more time could be
allocated to instruction in physical education with no disadvan-
tage to academic performance. (Vogel)

Participation in physical education programs can improve per-
formance on selected measures of perceptual ability. There is no
evidence, however, that these effects directly improve academic
achievement. (Vogel)
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CHAPTER SIX

Mental, Social, and Moral
Development

T he direct or adjunctive roles of physical activity in social and moral
development and mental health has been debated for centuries.
Historians have reported that Hippocrates prescribed exercise for his
paiients who suffered from mental illness; sports enthusiasts have
argued thatinvolving young people in athletics is an effective deterrent
to socially undesirable behavior, and the adage that “sports builds
character” is commonly used to promote athletic competition. The
p arity of physical activity in the young, the middle aged, and the
elc. " is due, largely, to reasons that are not related to the further
enhancement of skilled performance.

Despite the current health consciousness of the nation, there is
evidence that mental health problems are exacting a tremendous toll
from the Americar. public. Statistics indicate that 10 to 15% of the
population will fall victim, annually, to mental disease. Within a
lifetime, one-third of Anierican adults will experience a mental prob-
lem ot significant magnitude for psychiatric intervention. Equally sig-
nificant, however, is that only one in five will seek professional assis-
tance and this will usual'y involve a primary care physician rather than
a psychiatrist or psychologist.

The annual incidence of mental disturbance is alarming, but the
figures become incomprehensible when they are translated nto the
actual costs for direct services and loss of productivity. The annual
direct costs for mental health services are estimated at 14 to 19 billion
dollars and the total costs, including lost productivity, are estimated at
40 billion dollars. These figures represent 8 to 15% of all nauonal
health care costs and 1% of the Gross National Product. Small wonder,
then, that attention to cost effectiveness in health care has focused on
physical activity as a preventaiive measure and as an attractive alterna-
tive to drugs as a treatment procedure.

Until recently, there was little scientific evidence to support or refute
the numerous claims made for the benefits of physical activity in the
areas of mental, social, and moral development. However, the current
interest in health promotion, combined with the academic curiosity in
such areas as sport and social psychology, psychiatry and general
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psychology, benavioral and sports medicine, health psychology and
preventive medicine have contributed evidence to clarify these issues.
The general and specific situations in which physical activity contrib-
utes to social and moral development and mental health have been
enumerated.

An accumulation of empirical and scientific evidence suggests that
lifestyle behaviors, rather than human biology, environmental var-
iables or our health care systems are primarily responsible for the
quality and quantity of human life. We also know that moral growthisa
developmental process and that it must be fostered by opportunities
for development if it 1s to reach maturity. The 1 =views from which the
following statements were obtained also suggest that physical fitness
and prowess in sporisare positive.y related to an elevated self-concept.
Futhermore, the elevation or depression of self-concept appears to
extend beyond specific sports situations.

The following statements should be a source of encouragement for
all who have sought evidence of a positive rel~tionship between phys-
cial activity and social and moral developmeni and mental health. Not
only s the association confirmed, but situations in which rhese benefits
are likely to occur also have been identified.

95. Exercise patterns must be habituated into the lifestyle of individ-
uals if improvements in mental health are to be made. This
implies that t} > development of childhood fitness and motor
skills can serve as the motivation for continued participation in
physical activity programs during adulthood. (Dishman)

96. The association between physical activity and mental health is
sufficiently strong to warrant an increased emphasis by school
officials and physicians for the promotion of physical fitness and
the development of locomotor skills. (Dishman)

97. Regular physicalactivity is an efective, low cost, low risk behavior
that not only has been shown to he effective in the promotion of
mental health, but it may also be effective in the prevention of
mental illness. Most individuals with mild to moderate mental
health problems prefer to deal with them without the aid of
professional help. Thus, personal coping skills, such as physical
activity, seem to be ideally suited to the alleviation of mental
stress. (Dishman)

98. Although the mechanisms whereby mental health accompanies
exercise remains poorly defined, there is evidence that physical
activity can be a low cost alternauve to psychotherapy and coun-
seling. (Dishman)

99. Moderately intense and graduated aerobic exercise can be an

effective therapy for moderate depression and a temporary re-
duction in state anxiety. (Dishman)
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Fitness programs and group exercise can increase self-esteem
through social reinforcement or by fostering real or perceived
gains in fitness. These gains are more likely to occur in children
than adults because attributes other than ph)Slcal performance
become more highly valued as age increases. (Dishman)

Physical activity and positive mental health are directly related;
numerous adjunctive associations also exist. These incdlude in-
creased assertiveness, confidence, emotional stability, indepen-
dence, self-control, and body image. A decrease inan ger, confu-
sion, and phobias also are apparent. (Dishman)

Anxiety, depression, and anger have been effectively managed by
changmg thoughus, feelings, and percelved symptoms through
exercise and/or settings where exercise takes place. For individ-
uals suffering from depression, tension, or chemical dependence,
appropriate kinds and amounts of activity can serve as a low risk
alternative to prescribed drugs and their potentially harmful side
effects. (Dishman)

. The family has a significant influence in socializing children into

physncal activities. Families socialize children into physical ac-
tivities that are deemed most appropriate for their socioeconomic
status. There is a positive relationship between parental encour-
agement and actual participation in sports and other physical
activities for both boys and girls. (Sage)

Schools, through physical education classes and interschool
sports programs, serve as significant sodializing agents for Amer-
ican youth. During late childhood, adolescence, and early adult-
hood, it is peers, rather than the family, who serve as the niost
powerful socializing agents for sport involvement. (Sage)

Play, according to developmental and cognitive psychologists, 1s
an integral part of cognitive and social development. Play is
regarded as important in the development of moral reasoning,
motor skill, problem solving, creatvity, and social efficiency.
(Sage)

Games that emphasize cooperation are effective in producing
cooperative sodal iteraction among pre-school and elementary-
aged children. (Sage)

The context in which sport activity takes place determines its
social outcomes. Informal peer play emphasizes interpersonal
skills and the search for self mastery; organized sports emphasize
the learning of sports skills. Thus, organized sports for childern
generally reflect the needs of adults rather than those of the
children for whom they are organized. (Sage)

The organized, formal settings of many youth sports programs
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may deprive children of an opportunity to play; rather, they may
be occupied with obeying imposed rules, learning motor skills ina
specific way, and acquiring values prescribed by adults. (Sage)

Significant differences exist in the organization of play between
boys and girls, with the play of boys being more complex. (Sage).
Advocates of coeducational sports activities have suggested that
participation in sports provides an introduction to the competi-
tive climate of the adult world of work but no evidence of this
relationship is currently available.

Sports participants tend to be less delinquent than non-sport
participants, especially among youth of the lower socio-economic
classes. Involvement in sport, however, cannot be claimed at this
time as the actual deterrent to delinquent behavior. (Sage)

A key ingredient in the development of desirable character traits
through physical activity is the quality of the adult leadership.
This suggests that physical education teachers and interscholastic
coaches must model the behavior and attitudes that they wish to
have their students emulate. (Sage)

Participation in sports is only relevant to academic achievement
when it is associated with the encouragement of parents and
friends. At the high school level, sports participation is more
closely linked to educational aspirations than to the atiainment of
grades. (Sage)

Self-concept can be modified by sports involvement. Frequent
winning or losing and success or failure will affect one’s concept
of ability. (Sage)

If competition is allowed to dominate the interpersonal relation-
shipsin children’s sports, their potential for facilitating pro-social
behavior is lost. Persons who have extended experiences in orga-
nized sports display poorer attitudes of sportsmanship than
non-participants. Sports participants usually emphasize winning
and skill development, while non-participating peers place a
higher value on fair play. (Sage)

There is little empirical support for the notion that organized
sport involvement leads to upward social mobility for large num-
bers of athletes. There is also little evidence that involvement in
high school athletics leads to economic advancement. (Sage)

There is an intuitive belief that the intense achievement and
expressive experience found in physical activities have the poten-
tial to influence personality development. However, if changes
are to accrue, leaders of these programs must identify the per-
sonality characteristics they wish to nurture or change and then
set about systematically creating physical environments that are
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likely to nroduce the desired attributes. (Sage)

Because atuitudes, values, and social behaviors are, to a large
extent, based on one’s self-concept, the outcomes of one's social
experiences, including sports participation, can have a significant
influence on self-concept. Successful participation in activities
that demand cognitive, motor, and social involvement may foster
the development of a positive self-image. (Sage)

Programs of physical activity, with their accompanying physical
fitness, exhilaration, group identity, social affiliation, ego gratifi-
cation, affective responses, and achievement generally lead to
enhanced self-concept and self-esteem in both males and females.
Although physical training programs generally lead to enhanced
self-esteem, it is not certain that increased fitness contributes to
this elevation nor that the cievated self-conception will endure.
(Dishman; Sage)

Moral development, defined as the development of behaviors
concerning the protection of rights, responsibilities, and the wel-
fare of others, can be effectively implemented in physical educa-
tion classes and interscholastic programs. However, it does not
occur automatically; it must be an explicit goal that is addressed
through instructional objectives. (Weiss and Bredemeier)

Moral growth occurs in developmental stages, as do intellectual
and physical growth. Moral education, that is, the provision of
experiences to promote moral reasoning and to encourage moral
behavior, can be effectively promoted in physical education
classes and interscholastic programs. However, teachers and
coaches must be knowledgeable about how moral growth pro-
gresses if they are to facilitate its development. (Weiss and Bre-
demeier)

The reasoning process used by individuals determines whether
they act in a morally mature way. Understanding the reasons
underlying an action permits teachers and coaches to enhanc-=
moral development by structuring appropriate experiences and
discussions.

Moral development can be fostered by explaining why certain
rules exist or why certain actions are necessary to maintain order
and discipline. Teachers and coaches must give students oppor-
tunities to question actions and regulations and b .villing to offer
explanations as a part of cnhancing the moral development of
their students. (Weiss and Bredemeier)

Teachers and coaches can foster moral behavior by adopting a
moral code, identifying approprnate and inappropriate behav-
1ors, and suggesting strategies for controlling their behaviors.
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Modeling appropriate behaviors and remforang them n stu-
dents are effective ways of promoting moral development. (Weiss
and Bred *meier)

Moral development is fostered when there is an opportunity to
assume roles, experience moral conflict, and negotiate solutions
to problems. Depiivation of these opportunities by imposing
structured environments may stifle moral development. The
highly structured situations in some youth sports programs, phys-
ical education classes and interscholastic athletics may not provide
sufficient opportunities for moral development to occur. (Weiss
and Bredemeier)

The psychological and social stigma of childhood obesity may be
as destructive to healthy development as the medical hazards of
sports which have been so clearly defined in the last decade.
(Eisenman)

Many obese people suffer from a depressed self-concept and are
preoccupied with their weight and appearance. Participation in
exercise programs can enhance the ability to deal with stress,
improve self-esteem, and sumulate loss of body fat. (Dishman;
Eisenman)

Reduction of body fat in obese children has been accomplished by
the combined intervention of physical activity, psychological
counseling, and education about nutritior. (Eisenman)

Although self-concepts have been changed through participation
in structured activity programs, there is no evidence that partici-
pation in physical education programs improves self-concept or
personality. The fact that self-concept has been changed n other
non-school activity settings suggests that such changes could also
occur in school-related programs if ample emphasis was placed
on these objectives. (Vogel)
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CHAPTER SEVEN

Special Conditions, Aging
and Activity

he infiuence of physical activity on bodily function is dramatically

evident in several populations where its availability 1s often re-
stricted; thatis, with the physicallyand mentally impaired and our aged
citizens. Recent attention to the needs of handicapped persons has
demonstrated significant improvements in their neuromotor and car-
diorespiratory functions and in their social and perceptual develop-
ment when objectives for these improvements have been integrated
with physical activity programs.

Extending the benefits of activity that were formerly reserved for
young, able-bodied persons to handicapped citizens of all ages is a
relatively recent occurrence. Preliminary evidence indicates that the
benefits of physical activity may serve both a direct and an adjunctive
role in special populations, thereby extending the value of well-
planned programs beyond their inmediate benefits in motor perfor-
mance and health-related fitness.

Aging is a process that begins at conception, but it is seldom of
concern to us until we reach middle age or suffer from a disability
which restricts our capacity to meet functional expectations. The in-
creasing age of our population has stimulated numerous investigators
to determine how lifestyle can be changed to forestall the debilitating
effects of old age. Although the eventual outcome to life’s processes is
predetermined, there is abundant evidence that the quality of life can
be enhanced through the cumulative effects ot environmental var-
iables under our control; paramount among them being a hfelong
devotion to proper physical activity. The following statements un-
derscore the benefits of physical activity to special populations.

129. About 10% of the wotal U.S. school age population is classified as
disabled or handicapped. Learning disabled students compose
the largest category of handicapped school children, fcllowed 1n
descending numbers by the speech impaired, mentally retarded,
emotionally disturbed, physically disabled, hard of hearing, vi-
sually impaired, and others. Mounting evidence indicates that all
handicapped individuals can gain both psycho-social and
physiological oenefits through properly planned and conducted
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activity programs. Individuals with disabling or handicapping
conditions, whether physical, mental, or emotional, may benefit
from properly graded physical activity in the same manner as
those without handicaps. \Morris)

Positive changes in measured intelligence may occur when ap-
propriate physical activity lessons are added to the daily schedule
of mentally retarded elementary school aged children. These
changes are most likely attributable to increases in attending
behavior, problem solving strategies, or other functions that have
similar requirements during the activity sessions and the
academic setting. (Morris)

Improvements in mental health and self-concept among handi-
capped individuals have been attributed, 1n part, to increases in
physical fitness. (Morris)

Wheelchair athletes of the elite type are far superior physiologi-
cally, when compared to sedentary wheelchair users. However,
they fall within the range of normal, able-bodies athletes. (Morris)

Specific physical tasks may aid learning disabled students’ pro-
gress in the academic sphere; their participation in sports corre-
iates positively with academic and social success. (Morris)

Disabled students who particpate in sports, physical activity,
and/or recreational programs have shown improvements in self-
concept and self-acceptance. Optimal benefits may result from
activities in which people with disabilities compete against healthy
individuals on an equal basis. (Morris)

Mildly mentally retarded and minimally brain damaged school
children have shown improved motor performance, as well as
intellectual and emotional development, fter participating in a
planned, controlled program of physical activities. (Morris)

Elementary school students with speech impairments can im-
prove speech patterns and articulation if properly guided in
carefully designed physical activity. (Morris)

Chronic degenerative cardiovascular disease (CVD) is a primary
health care problem and is one of the leading causes of death ir
the United States. This figure suggests that effor.s to prevent
CVD through diet and exercise for young individuals would be a
prudent expenditure. (Freedson)

The mortality rate for cardiovascular disease (CVD) in the United
States has declined in the past 15 years. For example, the death
rate from coronary heart disease (CHD) has decreased at least
20% among white and nonwhite males and females between the
ages of 35 and 75 years. The factors suggested to be associated
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with this decline in CHD mortality are improved medical treat-
ment and lifestyle modification, including such favors as de-
creased smoking, dietary alterations, and an increase in physical
activity. For example, in 1984 it was reported in a Gallup Poll that
the number of adult Americans involved in “daily exercise’ was
nearly double the participationrate observed in 1961. (Freedson)

. Numerous physiological adaptations occur subsequent to cxei-

cise training in the CHD patient. These adaptations include a
decrease in resting heart rate, a decrease in submaximal exercise
heart rate and systolic blood pressure, a decrease in submaximal
exercise myocardial oxygen consumption, an increased
peripheral utilization of oxygen, and an increase in aerobic work
capacity (VO, max). (Freedson)

. Rehabilitation in cardiac patients who undergo long-term, high

intensity exercise training may show changes in cardiac function
similar to those observed in healthy individuals. (Freedson)

. High levels of fitness are associated with a favorable blood lipid

profile, particularly with high density lipoprotein levels. Regular
physical activity also improves the aerobic capacity in individuals
with coronary heart disease, by increasing the peripheral use of
oxygen. (Freedson)

. Patients with pulmonary diseases experience an improved exer-

cise capacity, without apparent improvements in physiological
and hemodynamic function, asa result of involvement in exercise
programs. Exercise has a positive effect on the quality of life and
may even facilitate independent participation in activities of daily
living in pulmonary patients. (Freedson)

. Regular physical activity appears to have a beneficial influence in

the reduction of blood pressure in individuals with hypertension.
(Freedson)

. Physical activity is a medically accepted component of manage-

ment for insulin-dependent and non-insulin dependent diabe-
tics. When beginning a regular program of physical activity, insu-
lin dosage can usually be reduced by 20 to 40%. During periods of
prolonged heavy physical activity, it is recommended that the
diabetic ingest some carbohydrate every 20 to 30 minutes. (Berg)

. Chronic lack of insulin accelerates protein degradation and en-

courages muscle atrophy. Administration of adequate amounts
of insulin or oral medication appears to enhance muscle
development. The diabetic uses protein as a source of fuel for
energy production to a greater extent than the non-diabetic.
(Berg)

. Excessinsulin in the blood during exercise will produce low blood
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sugar. Diabetics should not exercise if ketones are present in the
urine or blood sugar levels are unduly high. Exercise will greatly
increase the blood sugar «nd ketone levels under these condi-
tions. (Berg)

Until recently, persons with diabetes mellitus were not strongly
encourged to participate in exercise or physical traming pro-
grams. Today, newly diagnosed diabetics are often encouraged to
exercise as part of their overall management program. Diabetics
who are medically controlled appear to experience the same
training effect as non-diabetics. Many diabetics have a greatly
limited capacity for exercise because of existing medical problems
such as cardiovascular disease, eye disease, kidney damage, and
nerve damage. (Berg)

Backache is a common problem of pregaancy, resulting from
postural changes which occur to compensate for the shift in the
center of gravity as the abdomen enlarges. Exercises that
strengthen the back and abdominal muscles should reduce the
discomfort. (Wells)

Exercise appears to be tolerated very well by both the expectant
mother and the fetus during pregnancy, even though there is a
considerable loss of maternal cardiovascular-respiratory reserve.
Women with higher levels of fitness have had significantly shorter
periods of labor in pregnancies following their firstchild than less
fit women. (Wells)

Instructors provndmg Pphysical activity for pregnant women
should lower exercise intensity and perhaps shorten exercise
duration in cases where general discomfort occurs. A physician
should be consulted immediately if any of these problem signs
appear: vaginal bleeding, high blood pressure, pain, ruptured
membranes, or absence of fetal movements. (Wells)

Concern about the long-term effects of strenuous athletic train-
ing on pregnancy and childbearing have no basis in fact. Several
studies provide evidence that women athletes are more likely to
have normal pregnancies than sedentary women. (Wells)

There is a mounting concern about a common metabolic bone
disease known as postmenopausal osteoporosis. Research clearly
indicates that bone loss in the elderly femalc can be retarded and
necessary bone mineral maintained at a higher level when suffi-
cient weight bearing physical activity is present. (Wells)

There is no gender difference in the ability to profit from strenu-
ous exercise. The mes;-opause or the climacteric years of one’s life
do not call for a decrease 1n physical activity. All research findings
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indicate that exerase is highly berefiaal to one’s well-being at all
phases of life. (Wells)

154. Exercise, as a normal part of life’s activities or as = lifestyle inter-

vention, can prevent some disease processes and postpone others.

s 2rcise is much more cost effective than medical treatment in
reducing the debilitating effects of old age. (Spirduso)

155. Spontaneous physical activity is inversely related to age; yet phys-
ical activity has been shown to be beneficial at all ages (Spirduso).
The challenge to teachers and supervisors of activity programs is
to involve children, adolescents, and adults in experiences that
maximize the h:alth-related benefits and the desire tc remain
active. (Eisenman)

156. The long-term compliance to regular exercise programs is disap-
pointing. Therefore, program sponsors must integrate
motivationa' strategies with th: activities. (Eisenman)

157. The benefits of regular exercise for ¢' ler individuals are numer-
ous. Both .nales and females experience, through consistent
submaximal exerdise, an increase in maximal oxygen consump-
tion, stroke volume, recovery heart rate, post-exercise blood lac-
tate levels, oxygen pulse, and increas=d systolic blood pressure.
Thus, well cond” (oned older individuals can function o< well or
better, aerobically, as less well-trained, younger indwiduals.
(Spriduso)

158. The evidence that consistent lifelong exercise will lengthen the
life spa~ of human beings is .. k or non-existent. }More likely
other beneficial Liealth habits such as non-smoking, weight con-
trol, ;ood nutrition, medical zttention when needed, ample sleep,
and moderate alcohol consumption are also practiced by chronic
exercisers. It is the cumulauve beneficial eifect of all these var-
iables that enables individua:s to fulfiil their life expectancy.
(Spirduso)

159. Absolute endurance declines with age, but training retards this
decline. When endurance is expressed as a percent ~f maximum
strength held over a period of time a- in grip strength endurance,
performance can be maintaincd or improved up to the eighth
decade. (Spirduso)

160. Strength training produces muscle hypertrophy in clderly indi-
viduals. Olderindividuals have demonstr ated significan: and sim-
ilar percent increases in strength after eight wee"s of training
similar to those obtair. by younger individuals. This suggests
that the benefits of strength training so commonly associated with
athletes are also aveilabie to older individuals. However, because
of the demands made by strength training on other systems, it
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should be conducted with proper precautions in older adults.
(Spirduso)

161. Maximum isometric and dynamic muscular force decline with
age; dynamic strength decreases more than isometric strength.
The speed of niuscular contraction is reduced, probably because
of the selective loss of fast-twitch muscle fibers. Although there is
greater absolute loss of strength in the old than in the young, the
rate of relative tension development 1s the same. (Spirduso)
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Summary: A Position Statement
On the Benefits of Physical Activity

M odern American society presents a contrast 1n lifestyle relative to
the health and fitness of its nembers. A recent survey concluded
that approximately 50 million adults exercise vigorously for at least one
half hour three times weekly. Conversely, periodic natiunal assess-
ments of the physical fitness of our youth have failed to detect any
improvement in their condition since the rather disappointing results
of 1965. Educational programs have recently heeded the call for a
return to the “basics” in science, mathematics, and reading, but simul-
taneously, many schools reduced or eliminated the time devoted to
physical education.

Recent statistics show that American affluence cannot buy good
health, nor can we long afford to pay for health care at its current
prices. Despite the rising costs of health care, we have been slow to
adopt prudent alternatives to unhealthy lifestyles. Specialists in health
promotion predict that one-third of all adults will suffer from a signifi-
cant mental illness during cheir litetime. The costs associated with
mental illness are estimated to be 40 billion dollars annually. Chronic
degenerative cardiac disease afflicts millions of Americans, with
1,250,000 suffering from heart attacks annually. The annual indirect
costs of heart disease are estimated to be 20 billion dollars. In the year
1981, health care costs in the United States totaled 286 billion dollars.
The logical concl'ion to the foregoing statistics is that we cannot
afford to continue . 1is devastation of our human resources. Clearly, a
strategy . © intervention beyond those presently in operation is re-
quired.

The problems of caring for an unhealthy population is too complex
to be solved bv proposing simple solutions, so none will be attempted
here. However the preventive and rehabilitative implications of physi-
cal activity seem obvious and compelling. In addition, physical acuvity
has many attributes that complement its beneficial effects. Among
them are:

Actwvity represents a fundamental need. All human beings require a
minimum of activity to maintain the integrity of bone, muscle, blood,
and nervous tissue.

Accessibility. The many forms of activity lend themselves to a variety
of settings.

Unusual appeal. Some beneficial activity or form of exercise can
usually be identified for the various preferences of individuals.

Economuc feasibality. Many activities are free or inexpensive, thereby
extending their availability across the socioeconomic spectrum.
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Untversally beneficral. Activity has been sh. vn to contribute to the
health of young and old, inale and female, physically and inentally able
and disabled, and trained and untrained individuals. The combined
attributes of physical activity are an appealing alternatve to the conse-
quences of inactivity.

A fundamental principle in acquiring the maximum benefits of
exercise is that participation must begin at an early ag= and extend
throughout the life span. The following statements ‘rom research
evidence support this conclusion.

* The beginnings of unfitness, as expressed by card:ac risk factors, are
identifiable in early childhood.

* Thirty percent of American children are classified as obese and 80%
of these will become obese adults.

* Obesity is closely related to America’s number one killer, heart dis-
ease, and numerous associated conditions.

* Bone, muscle, and nervous tissue require regular, vigorous activity to
maintain their integrity and to grow in a normal manner.

* Mental illness can be prevented and mental health restored by ap-
propriate kinds and amounts of activity.

* The debilitating effects of old age can be effectively postponed or
reduced by exercise.

The inescapble conclusion that emerges from the extensive 1eview
of literature “und in Physical Actinity & Well-heing is that physical
activity represents 1 cost-effective means of promoting good health
and enhancing the qua’ity of life, especially when it is available to the
nation’s youth. The ideul vehicle for its incorporation inco daily life-
styles, that is, phy=ical education in the nation’s schcols, is a relatively
untapped resource. Although m- st school systems purport to have
physica! educatio.x programs, theie is a generai concensas that many
h-we been ineffective in achievirig the objectives that are clearly vithin
the domair of health-related fitness 1nd motor skill acquisition. Thus,
the redirection of ineffective physical education programs appears to
be a feasible. low-cost solution to th.e d lemma of unhealthy youth. The
following recommendations call for a reJedir ation of educction pro-

gram< i~ hieve def. 1sible outcomes:

* Physi " ‘cation prcgramns should focus on the objectives of
heal’ d fitness and motor skill acquisition s neaior prigrities

* Beca, eir cost-effectiveness :n promoting health and nrevent-
ing ds.  _, physical education programs should be availabie

throughor:i the K-12 curriculum to all students on a regular basis.
* Physi-al education programs should emphasize asequential progres-
sion of skills and knowledge related to the attainment and mainte-
nance of « healthy lifestyle.
* Physical education programs should be designed and regularly eval-
uated .n terms of the degree to which students are achieving their
stated objectives
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Glossary

Aerobrc. With oxygen present. Aerobic energy system—-the body’s use
of oxygen from the air to help provide fuel for movement and other
body functions; distance runing and the long duration activities are
fueled primarily by the aerobic energy system.

Anaerobic. Lacking oxygen; in the absence of oxygen. Anaerobic energy
systems—the two means of fueling activity by the breakdown of lgh-
energy compounds within the body, without the use of oxygen; sprint-
ing and other short duration movements are fueled primarily by the
anaerobic energy systems.

Anaerobic Threshold. The level of activity at which the body ceases to relv
on the aerobic energy svstem but, rather, depends on the anaerobic
energy systems for fuel

Anemia. Abnormally low amount of red blood cells in the blood

Anthropometrnic. Related to measurements of the human body, 1e.,
lengths, widths, girths. Example: sitting heignt.

Anxtety. A state of severe apprehensicn and tenston.

Arteriovenous Oxygen Difference. The difference between the oxygen
content of oxygenated and deoxygenated blood

Atherosclerotic Diseases Diseases characterized by the narrowing and
hardening of the large and medium sized arteries due to cholesterol
(plaque) buildup on the artery wall.

Basal Metabolic Rate. The minimum rate of energy expenditure when
the body is at complete rest.

Benign. Favorable for recovery, neither recurrent nor malignant.

Buological Age. Age expressed as the chronological age of the average
individual showing the same body development

Blood Lipnd. The fat normally found in the blood.

Blood Pressure, The force of the blood on the walls of the arteries that
moves the blood through tie circulatory system, read as two
numbers—the larger being systolic blood pressure and the smaller
being diastolic blood pressure. Example: 120/80.

Blood Volume. The amount of blood in the body, usually expressed in
quarts or liters.

Bone Density. 'The compactness of bone, referring to the amount of
mineralization in the bone.

33

O

RIC ‘ 45

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

Capillary Density. The number of minute blood vessels (capillaries) per
amount of body tissue.

Carbohydrates. Sugars and starches.

Carbon Dioxide Production. Gas formation resulting as a by-pi1oduct of
metabolism.

Cardiac Output. The amount of blood pumped by the heart per n.inute.
Cardio-resprratory. Involving the heart and lungs.

Causal. The existence of one or more things contributing to the exis-
tence of something else.

Central Nervous System. The brain and spinal cord.

Cerebral Cortex. The outermost layer of the brair.; it is responsible for
receiving and interpreting sensory information, organizing complex
motor behavior and storing knowledge.

Chronic. Of long duration.
Chronological age Age expressed as tin.c since birth.
Circumpuberal. Around the age of puterty.

Climacteric. Menopause, and the corresponding normal reduction of
sexual activity in the male.

Cogmition. An act or processes by which people gain knowledge of the
world.

Cogrutwe. Related to knowledge.

Compulsive. Feeling an overwhelming piessure or cbligation, even to
the point of obsession.

Contextual Conditions. A set of circumstances that surround and sub-
sequently affect a behavior or performance

Contractile Proteins. The muscle components that bring about muscle
shortening.

Contraction. A shortening of muscle length, usually associated with
development of muscular tension.

Correlational When two or more things, attributes, parts, et¢ are mutu-
ally related.

Cross Cultural Investigation. A strdy that attempts to look at a problem,
idea, population, or question by examing it in more than one culture,
and comparing the results.

Cross Sectional Design. An experimental design that looks at several
subjects or variables, in one time period.
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Cultural Transmission. Transferring knowledge, action, speech, behav-
101, art, and humanities to succeeding generations.

Dehydration. Excessive loss of body water.

Depression. A condition of prolonged dejection, sadness, and with-
drawal.

Development. The process of growth towards higher levels ot function-
ing.

Developmental Psychologist. One who studies changes in behavior that
occur as people get older.

Digbetes. A general term referring to abnormal, excessive urine excre-
tion. Non-insulin deper.dent diabetes—diauetes in which the patient is
not dependent upon insulin theapy.

Differential Remnforcement. In the presence of two or more behaviors,
rewarding the desired behavior so it will occur more frequently than
the undesired behavior.

Dysmenorrhea. Painful menstruation.

Eating Disorders. Disturbances in eating behavior, such as anorexia
nervosa and bulimia.

Electroconvulsive Therapy (also called electro.hock therapy or ECT). A
treatment for more severe mental problems by inducing a temporary
coma through the use of electric current.

Electrolyte. A chemical that dissolves in a solution. Example: salt.

Empinical Research. Research that is based primarily on observation and
experience.

Encoding. The process of converting information to an understandable
level for oneself.

Endomorphic. A soft, rounded body build, with greater fat content than
lean or muscular body types.

Enzymes. Proteins that speed up chemical reactions in the body.
Equiwvocal. Uncertain or undetermined significance.

Ergometer. An instrument for measuring the work performed by a
group of muscles.

Fast-Tuntch Muscle Fibers. Muscle cells fueled primarily viathe anaerobic
energy system.

Feedback. Knowledge of the results of a behavior or performance.

Glycogen. The chief carbohydrate (starch + sugar) storage material in
the hunian body.
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Growth. An increase In size.

Hemodynamic. Relating to blood circulation.

Hemoglobin. The part of the red blood cell that car ries oxygen from the
lungs to all parts of the body.

Heterogeneity. The state of being different and dissinular

High Density Lipoproten. A beneficial fat and protein molecule 1n the
blood.

Hyperlipndemwa. An excess of lipids (fats) in the blood, usually as a
response to a metabolic disorder.

Hypertension Abnormally high blood pressure.

Hypertrophy. Increase in bulk without increasing number of parts.
Hypoglycema. Abnormally low blood sugar (glucose).

Indyes. Plural of index.

Insuln. A substance normally produced in the pancreas and used in the
treatment of diabetes.

Intrauterine. Within the uterus.

Isokinetic Exercise. An activity in whicl a muscle contracis and shortens
while developing a maximal ter.sion throughout the entive contraction
motion.

Iscmetric Exercise. An activity in which a muscle contracts 1nd develops
tension, but the muscle does not change length. Example: standing
motionless and pushing against a wall.

Isotonic Exercise. An ac**~ity in which a muscle conwracts and -hortens
while developing tension. Example: the biceps in a chin-up.

Ketone. A by-product of metabolism, evident in the urine in 'arge
amounts when fats are the primary energy source, as in diabetes.

Kinesthetic. Related to the sense by which movements and positions »>f
body parts are perceived, from information arising within the muscles
tendons, and jcints, sensory information other than visual and audi-
tory.

Lactic Aad. A waste product cf the anaerobic energy system that causes
muscle soreness

Life Span. The average length of life of a spedies.
Maturation. Progress toward the mature state.

Maxymal Aerobic Power. The fastest rate at which oxygen can be taken in
and used by the body to produce energy. Example: a marathon runner
has a higher maximal aerobic power than a sedentary individual.
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Menarche. The first menstiual flow of a women's hfe

Menopause Natural cessation of menstruation, usually between ages 45

and 50.

Mesomorphic A muscular body build as contrasted to lean or obese

body types.

Mctabolism. The building up and usage of substaitces in the bodv.
Mitochondria. Energy producing sites in the body's cells.

Model. A standard or example to nmitate or follow.

Modehng. Performing a task or bchavior so that others can learn 1t by
observatuon and imitation of 1t.

Myocardial Oxygen Demand. The amount of oxygen required to fuel the
heart muscle.

Neonatal. Pertaining to the first four weeks after birth
Neurological. Related to the nervous system and nerves.
Neuromuscular Tension. Siress that affects the nerves and musdles.

Neuroticism. A condition of being somewhat unstable in character or
condition.

Osteoporosis. Abnormal dissolving of bone, resulting in porous, less
dense bone.

Oxidative Enzyme. A protein that speeds up aerobic metabohsm

Oxygen Uptake. The rate at which oxygen is taken in and used by the
body to produce energy.

Pamic Disorders. Recurrent anxiety attacks that are usually associated
with a situation, but can also occur unpredictably.

Parameters A boundary or hmitation on something.
Physigue. Body structure or type

Plasma Volume. The amount of the liquid component of blood (exclud-
ing blood cells and platelets) in the body.

Precursor. One that comes before another

Proprioceptive. Referring to mformation from internal sensor s regard-
ing movement and position of the body.

Postmenopausal. Occurring after the cessation of menstiuation
(menopause).

Postnatal. Relating to the infant afer hirth

Psychiatric Episode. A relatively bnief period of emotional, mental, or
behavioral disturbance.
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Psycho-social. A psychological dimension of a social factor, like team
cohesiveness.

Psychotherapy. The treatinent of mental, personality, and emotional
problems, as well as related physical ills, using psychological .neans.

Psychotropic Medication. Medicine or drugs that exert an effect on the
mind.

Pulmonary. Referring to the lungs.

Red Cell Mass. The amount of red blood cells 1n the blood, red blood
cells carry oxygen froin the lungs to all parts of the body.

Reflexes. Quick, invcluntary reactions. Example: knee-jerk reflex, a
straightening of the knee when the quadriceps terdon 1s tapped.

Renal. Pertaining to the kidneys.

Respiratory Rate. Breathing rate, usually expressed as breaths per min-
ute.

Retinopathy. Disease of the retina of the eye.

Saturated Fat. A fat that is solid at room temperature, as distinguished
from an unsatur:ted fat which is liquid (oil) a: room temperature.

Self-concept. The mental or cognitive image of oneself, including the
ideas and attitudes we have about our awareness.

Self Esteem. The positive or negative evaluation one has of oneself, the
extent to which one values oneself.

Self Identity. Having self-understanding and full awareness of oneself.

Serum cholesterol. A fat-like substance in the blood; cholesterol (plaque)
builds up on artery walls in artheriosclerotic disease.

Skeletal Age. Age expressed as the chronological age at which the noted
bone development is attained.

Skelrtal Mineralizanon. The natural deposition of minerals (esp. cal-
cium) into the bones, thereby strengthening them.

Soctal Interactwe Behavior. Behavior that consists of communicatng
cooperatively with others.

Social Learning. Learning that occurs as a result of observing others and
receiving reinforcement from others.

Sociahzing Agent. One who imparts the norms, values, beliefs, aud ideas
of a culture or environment (e.g. teacher or coach)

Stature. Natural standing height.
Stimulus. Something that encourages action, feelings, or thoughts.

Stroke Volume. The amount of blood pumped by the heari in one beat.




Structural Development Theory. The theory which states that cognitive
knowledge is developed through the reorganization of groups or struc-
tures of information, within the mind.

Submaximal Exercise. Activity that does not require maximal aerobic
power.

Titrate. To determine the strength of a solution, substance, or treat-
ment.

Triglycerides. The fat storage material in human beings.

Vestibular. .eferring to the vestibuiar apparatus, located in the ear,
which senses the position of the head in space and sudden changes in
the direction of movement of the body.

Work Efficiency. The amount of useful work p:oduced per amount of
energy expended.




