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ABSTRACT
Physical education

is the scientific

study of

human movement. As

a

science, physical education deals with a body of facts systematically
arranged

and based on the operation of general laws derived from other basic scientific
disciplines.

This dissertation examines the contribution of mathematics to

the understanding and application of these general laws.
this dissertation are:

grade arithmetic

to

determined

is useful in

to

The objectives

of

what extent mathematics above eighth

preparing physical education undergraduates

to

gain a better understanding of the science of physical education; to identify any
specific areas of physical education

where a knowledge

of

mathematics above

eighth grade arithmetic will enable physical education majors to cope with the

problems met by the professional physical educator;
mathematical concepts found

in

to categorize the specific

these areas; to illustrate the applications of

these mathematical concepts to physical education; and to present such

mathematics

in

an outline which can form the basis of a specific course

iv

in

mathematics designed for physical education
undergraduates.
The study reports the opinions
education and makes an analysis of

all

of professionals in the field of
physical

textbooks currently in print in Tests

and Measurements for Physical Education,
Kinesiology, and Physiology

of

Exercise.

The research was conducted

in

two phases.

The

first

phase obtained

data and opinions from 263 of 388 questionnaires sent
to directors of physical

education departments

in

194 of 245 selected institutions preparing under-

graduate physical educators.

course exists that
graduates.

is

Results of phase

1

show that no mathematics

specifically designed for physical education under-

In addition,

no course in the existing mathematics curriculum

is

required of physical education majors at a majority of the institutions surveyed.

At institutions requiring physical education majors

to

complete any mathematics

course, no one course predominates as the requirement.

Measurements, Kinesiology, Physiology

of Exercise,

Although Tests and

Human Anatomy,

Introductory Biology, Introduction to Physical Education, English, and

History are required courses for physical education majors at a majority of
the institutions, the opinions of the respondents indicated that only Tests and

Measurements, Kinesiology, and Physiology
knowledge frequently.

of Exercise required mathematical

Opinions of the respondents are reported as to the need

for mathematics above the eighth grade level, as to the specific type of

mathematics needed, and as

to the desirability of a course specifically

v

designed for physical education majors.

The second phase developed an outline

of

mathematical concepts and

their applications to physical education
gathered from an analysis of fourteen

textbooks in Tests and Measurements, ten
textbooks in Kinesiology, and

twelve textbooks in Physiology of Exercise.

The analysis shows

that Tests

and Measurements uses mathematical concepts belcw
the eighth grade level

whereas Kinesiology and Physiology

of

Exercise use concepts from Algebra,

Geometry, Trigonometry, Analytic Geometry, Calculus, and Vectors.

Recommendations for further research include a study

of the effect on

the present courses in Kinesiology and Physiology of Exercise
once students

master

the contents of a

mathematics course developed from the course

outline presented in this dissertation; a similar study of graduate physical

education courses; and a study of further contributions that mathematics not

presently used can

make

to the

science of physical education.

vi
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CHAPTER

I

INTRODUCTION TO THE PROBLEM
Mathematics and physical education might be
classified
ends of the education continuum.
education

more

is

physical.

than "sports" or

ment

more

is

in the

human movement
human

is

prepared by means

than the study cf the rules of various

become knowledgeable

overall

mental whereas physical

concerned with much

"game playing."

of successful coaching techniques.

tion of

is

Physical education, however,

Today's physical educator
contains

Mathematics

at opposite

of a

curriculum that

games and

Men and women

in

the develop-

physical education

development, structure, function, and coordina-

as well as in the effect of physical activity on the

condition.

Practitioners in the discipline of physical education set forth the
following definition

Physical education is the study and practice of the
science and art of human movement. It is concerned
with why man moves; how he moves; the physiological,
sociological, and psychological consequences of his
movement; and the skills and motion patterns which

comprise his movement repertoire.

1

Physical Education Division Committee of the American Association
"A Guide to Excellence for
Physical Education in Colleges and Universities," Journal of Health, Physical
Education, and Recreation, Vol. 42, No. 4, April, 1971.

of Health, Physical Education, and Recreation,

2
In

order

to

be considered a science, physical
education must deal with

a body of facts systematically
arranged and based on the operation of
general
laws.

Many

of these general laws

may

be derived from other scientific

disciplines such as physics, chemistry,
anatomy, and biology.

The under-

standing and application of these general laws
requires a knowledge of

mathematics.

The following statement indicates

some

that physical educators

realize the interdependence of physical education
and other disciplines:

The field of physical education contributes to and
enhances the knowledge concerned with man as a moving
Physical education teachers must draw on
knowledge from the various basic disciplines as well as
utilize experimentation and invention within their own
field in order to better understand the problems related
to fitness, skill acquisition, and stress. 1
entity.

Is

mathematics one of these basic disciplines

that physical education teachers

must draw on

to develop better

of interest to

mathematics educators as well as physical educators.

understanding?

The answer

Mathematics educators are seeking applications
disciplines.

(CUPM)

is

of

to this

mathematics

The Committee on Undergraduate Programs

in

question is

to various

Mathematics

developing a source book on applications of mathematics

disciplines.

to

other

This is a joint project of the National Council of Teachers of

Mathematics and the Mathematical Association

^AAHPER

of

America with

the financial

Publication, Professional Preparation in Dance, Physical

Education, Recreation Education, Safety Education, and School Health
Education (Washington: AAHPER, 1974), p. 30.

support of the National Science Foundation.

The problem undertaken

in this dissertation

was

to

determine the

mathematics that the physical education
undergraduate should know
to

understand and apply the science of movement.

the

Law

of Cosines in

Trigonometry

Is

Calculus necessary?

in

Is

to the basic operations taught in the

grades of schooling and more commonly referred

a good background

order

of value in developing this understanding?

Does the term "mathematics” refer only
first eight

Is

in

"arithmetic" really

to as

"arithmetic"?

all that is essential to the

under-

standing of the laws and principles that will be applied
by the undergraduate

physical education major ?
In

order

to

address this problem, the following objectives were

considered:
1.

To determine

to

what extent mathematics beyond eighth grade

arithmetic is useful in preparing physical education undergraduates to gain

a better understanding of the science of physical education.
2.

To

identify any specific areas of physical education

knowledge of mathematics above the eighth grade level

where a

will enable physical

education majors to cope with the problems met by the professional physical
educator.
3.

To categorize

4.

To

the specific mathematical concepts found in these

areas.
illustrate the applications of these mathematical concepts to

physical education.

5.

To present such mathematics

in an outline so that

it

forms the

basis of a specific course in
mathematics designed for physical
education

undergraduates.

CHAPTER

II

RELATED RESEARCH
Review
the problem.

of the literature

was undertaken

to investigate

two facets of

First, does the literature indicate that an understanding of

mathematics above the eighth grade level assists the physical educator

to

understand his discipline? Secondly, does the literature identify, classify,

and apply this mathematics so that

it

can be presented to physical education

undergraduates ?
Editions of the past fifteen years of the International Journal of Physical

Education (formerly Gymnasium )

,

the Journal of Health, Physical Education ,

and Recreation, and the Physical Educator were reviewed.
Abstracts

searched.

,

Review

of Educational

Using a copy

of the

Dissertation

Research, and the Research Quarterly were

Cumulative Index of the Mathematics Teacher;

1908 - 65 , along with copies of the Mathematics Teacher from 1965 through October
1975

,

all

issues of the Mathematics Teacher were searched.

Other National

Council of Teachers of Mathematics publications were searched as were
publications of the Mathematical Association of America.

is

used

and articles revealed that mathematics

The investigation

of journals

in the literature

of physical education.

The physical educator uses

concepts from various branches of mathematics, including statistics, to

6

analyze body movement and efficiency.

The literature revealed

that professionals in the field of
physical

education recognize a need for mathematical
preparation.
the Report of the

Committee of Nine

for admission shall be

stated:

recommended

to

.

.

As early as 1901,

that prospective candidates

select such courses in preparation as

physics, chemistry, mathematics, and biology
(botany and zoology). " x

The

fact that mathematical preparation
contributes to physical educators is

currently noted as follows:
Scientific knowledge of how man moves and functions
derived from a variety of sources. Basic to an understanding of movement is knowledge of the development,
structure and function of the systems of the human body
and of the interaction of all systems in effective behavior.
Findings, theories and tools from the fields of psychology,

is

sociology, physiology, anatomy, neuroanatomy, neurophysiology, biochemistry, physics and mathematics
contribute to the study of man's being. 3

Dr. Benjamin Ricci wrote

in the

preface of his text:

".

.

.

yet to

discuss exercise physiology compels one to draw upon the disciplines of
physics, chemistry, engineering, and mathematics . " 3 Ricci's text includes

a chapter on calculation methods.

some formulas

It

deals with the use of a slide rule and

for calculating such things as

volume

of

Oxygen intake.

"Report of the Committee of Nine, " American Physical Education
Review , Vol. 6 (September, 1901), p. 221.
2

AAHPER

Publication, Professional Preparation in Physical Education

and Coaching (Washington:

AAHPER,

1974), p. 10.

o

^Benjamin Ricci, Physiological Basis
(Philadelphia:

Lea & Febiger, 1967),

vii.

of

Human Performance

7

In

member

a study taken from his doctoral
dissertation, Peter Werner, a

of the

Department of Health and Physical Education
for Women

Miami University, Oxford, Ohio,

at

states:

Curricular subjects are often taught as separate
entities. In mathematics one learns
mathematics. In
physical education one learns movement patterns
and
skills.

There has been a negligible amount

of research
conducted concerning the values of integrating physical
education with various academic subjects. 1

Dr.

Werner

cites only two studies.

One deals with reading and physical

education, the other with physical education rhythms and social
studies.
is interesting to note that

Dr. Werner wrote an article

in

The Physical Educator

showing the use of some of the concepts of elementary set theory
classification of

human movement. 2 This

is the

It

in the

only article found that

approaches physical education from a conceptual, mathematical basis.

The

article first presents the mathematical terminology and concepts and then

applies

them

to

human movement.

Peter Werner, "Integration of Physical Education Skills with the
Concept of Levers at Intermediate Grade Levels, " Research Quarterly
(Washington: AAHPER, December, 1972), pp. 423-4.
2

Peter Werner, "Classifying Human Movement Through Set Theory,
The Physical Educator (Indianapolis: Phi Eipsilon Kappa Fraternity, October,
1972), pp. 140-1.

8

The scarcity

of

research findings

in the literature

concerning the

contribution of mathematics to the preparation of
physical educators might

lead this researcher to conclude either that mathematics
does not contribute

much,

if

anything, or that the integration of such seemingly divergent

disciplines as mathematics and physical education

On

is

not possible.

the other hand, conversations with physical education faculty

members and

students at Springfield College elicit the opinion that mathematics

does contribute

to

physical education.

The fact that a 1974 study ranks

Springfield College Physical Education Division

number one

in

the

the nation,

and the fact that Springfield College graduated the highest percentage

^

of its

undergraduate class as physical education majors when compared with

all

institutions granting physical education degrees that year 2 adds to the belief

that these opinions are accurate.

As chairman

of the

Mathematics- Physical Science Department

at

Springfield College, this writer worked closely with the Physical Education

Division to develop the objectives of a year course

undergraduate physical education majors.

and subsequent hiring of staff led

in

Physics required of

The development

to the realization that the

of

all

such a course

needs of physical

education undergraduates in a physics course differ from those of undergraduate

^Study headed by Professor Kan-ichi-Mishio of Tokyo Gakugei University,
Tokyo, Japan, cited in The Springfield College Student, September 17, 1974, p.

Department of Health, Education, and Welfare. Earned Degrees
Conferred; 1970-71 (Washington: Government Printing Office, 1973),
2 U.S.

pp. 244-53.

,

1.

9

m liberal

arts.

This

may

also be the case in mathematics.

There are textbooks and handbooks
which offer mathematical
preparation for physics or chemistry.

However, they do not offer direct

applications to the problems of the physical
education major using physics or

chemistry.

Dr. Wayne Doss, Professor of Physical
Education at Springfield

College, presented a Master's

thesis in 1949 which shows

of physical principles in physical
education.

applications

The content resulted from his

experience as a student and graduate assistant.

needed

some

The mathematical concepts

to

master these applications are not included

In

conclusion, the review of the literature produced few references
to

the fact that

mathematics

of physical educators.

is

No

in the thesis.

a part of the professional preparation requirements

definite areas of

mathematics were

identified.

No

courses integrating mathematics and physical education were described.

However, investigation

of the opinions of professionals in the field of physical

education as well as an analysis of textbooks used in physical education courses
as reported in Chapter III of this dissertation produces evidence that mathematics

contributes to the professional preparation of physical educators.

CHAPTER

III

METHODS AND PROCEDURES
The research was conducted
concerned with determining

to

in

two phases.

The

first

phase

is

what extent mathematics above the eighth grade

level contributes to the preparation of
physical education majors.

Secondary

schools offer a variety of mathematics courses
from general mathematics to
Calculus.

College undergraduates are admitted from different
secondary

schools and with varying exposure to the mathematics
offered in secondary
schools.

The only common mathematical knowledge

that can be expected

of all entering college students is eighth grade arithmetic.
this study concentrated

For

upon the contribution of mathematics above eighth

grade arithmetic.

One method

mathematics

preparation of physical education majors

to the

to

determine the extent of the contribution of

opinions of professional physical educators.
this

this reason,

A

is to

seek the

discussion with colleagues of

researcher, who are physical educators and graduate school professors,

and with members of this writer’s doctoral committee led
of a questionnaire

One

and an accompanying cover

letter.

to the

These are

of the considerations in developing the questionnaire

straightforward answers (yes or no) but with a

development
in

Appendix A.

was

to obtain

minimum demand upon

the time

11
of persons

making

the replies.

An

affirmative response to the first
question

would indicate that some determination
has been made as
useful to physical education majors.
the course

was sought

in

If

so, the

name

to the

mathematics

of the professor teaching

order that a second letter could be sent

the course content and texts or materials
used.

The second

to ascertain

question was

designed to determine whether a course in the
mathematics department was
required of physical education undergraduates.

If

a majority of the responses

indicated that a specific mathematics course such
as Algebra, Trigonometry,

or Calculus

is part of the

requirements, the course content could be analyzed

for its contribution to physical education.

The third part

of the questionnaire

was designed

determine the courses

to

required of undergraduates preparing to become physical educators and
the
extent to which the individual respondent felt that mathematics above the
eighth

grade level was needed
institutions

courses

known

in the

list of thirteen

to

in these

courses.

A

survey of the catalogues of several

prepare physical educators was made

curriculum of physical education majors.
courses on the questionnaire.

was agreed

responses.

that their inclusion

determine the

This resulted in a

Although English and History

could have been eliminated because they require
it

to

little, if

any, mathematics,

would act as a check on the

reliability of the

Just as important, the validity of any weighting system devised

would be questionable should

it

show

concepts for better understanding.

that English

or History require mathematical

12

A

question as to the number of physical
education faculty at the

institution

was included should

more information from

the researcher find

individual faculty

it

members.

necessary
It

members

at the responding institutions.

respondents were solicited
this

research as described

A

list of

in

question

in the

V

depth study of

in

Finally, the

in the

in the

(JOHPER)

in an article entitled

entitled,

134

Earned Degrees Conferred:

Of these 693 institutions, 245, which awarded
in

In addition,

Department of Health, Education, and

Welfare Publication No. (OE) 73-11412

graduate degrees

of the

January, 1974 Journal of

Directory of Professional Preparation Institutions."

1970-71 .

comments

all

cover letter.

559 institutions was found

other institutions were listed

that a poor

as support or denial of the problem of

Health, Physical Education, and Recreation

"HPER

obtain

was thought

response from the institutions surveyed would require
an
faculty

to

at least 50

under-

physical education or in which at least 10 per cent of the

graduating class received degrees in physical education

in

1971, were selected

for the survey.

The 1973 Directory

of

HPER

Universities was used to find the

be sent

men's

at

Department Chairmen

names

of the

person

each of the 245 selected institutions.

-and a

was decided

to

Some

survey both wherever

this

happened.

questionnaires were sent to the 245 institutions.

whom

the survey should

institutions have both a

women's physical education department with
to

of Colleges and

different directors.

Consequently, 388

It

13
In addition,

interviews were conducted with twenty-one

twelve students involved

and the University

of

in

physical education preparation at Springfield College

Massachusetts.

the results of the questionnaire
specific subjects that

teachers and

These interviews were conducted after

were known.

were ranked high on

Therefore, teachers of the

were interviewed

the questionnaire

along with physical education department chairmen and faculty.

Only juniors

and seniors were interviewed since they would have more exposure
courses listed.

Each person was

He was then asked

to

first

respond orally

told of the

purpose

to the questionnaire.

questionnaire results compared with his responses.

press him as

to

what specific types

of

to the

of this dissertation.

He was

told

how

The interviewer tried

mathematics would be useful.

the

to

General

discussion followed as time allowed.

Once

the responses

the interviews

Phase

from

was compiled,

the

the questionnaires and the information

from

second phase of the research began.

2 is an analysis of the texts available in the required courses

which, in the judgment of the respondents, needed mathematics above the
eighth grade level.

It

was

felt that to

request the

name

of the text used in

each course would make the questionnaire too lengthy for the respondent.
addition, the questionnaire

department chairman.

was sent

to only

one

member

He should be familiar with

of an institution, the

the course requirements

because of his position and with the general subject matter

because

of his experience.

However, he would not teach

and would not necessarily know the texts currently used.
indicated that

some required courses rated

In

of various courses

all the

If

courses listed

the responses

high in needing arithmetic above

the eighth grade level,

14

a second letter could be sent to the

initial

asking for the names of the textbooks used
in these courses.

respondents

This method has

the drawback of again asking a person
not necessarily teaching the courses to

seek information from others.

This second imposition upon the time of

professional persons could result in a small number
of returns.

Another

method, which would yield accurate data concerning the
textbooks

in

use in

physical education courses, was sought.

A

letter

publishers.

was sent

to the

marketing research departments of twelve

The twelve were known

to publish

textbooks in the physical

education field by information obtained from physical education professors at
Springfield College and by a search of the textbooks in the Springfield College

library as to the companies publishing the available books.

Since the information

sought from these twelve publishers concerned the marketing data of

books in the

field, not just those

some publishers from

published by that company, the omission of

the sampling should not affect the results.

selling textbook in the field of Physiology of Exercise

by a company not surveyed, the fact that
by the responding companies.

If

all text-

it

was

was found

If

the best

to be published

the best seller would be

known

necessary, that information could be verified

by contacting the omitted company once the original responses were returned.

The response was minimal.

Although the three replies received were

helpful and are noted in the next Chapter, the evidence

was

too

meager

offer substantive proof as to which textbooks should be analyzed.

to

Finally, the

used.
all

^

method which seemed most
accessible,

!974 Edition of Booh,

current texts in the fields

to

Pcmt was searched

in

be analyzed.

albeit lengthy,

to obtain the

was

names 0 f

Fortunately for this researcher,

two factors became evident
that made this method of
search feasible.

First,

the subject matter areas
of this study are well
defined and the content of each

textbook is similar to others in
the

same

chapters where the specific analysis
the

number

fifteen in

This will be shown in the

reported for each course.

is

Secondly,

of texts currently in print is
not excessive, there being fewer
than

each

field.

The actual analysis of
textbook on

field.

its

the texts

was not an attempt

presentation or content.

mathematical concepts found in the

It

was made

to rate

or grade the

to categorize the specific

The appearance of such mathematical

text.

tables as the trigonometric functions of
angles, logarithms of numbers, or

square roots of numbers aided the search for
mathematical concepts applied
to the subject of the text.

A

general analysis of each text was performed by

noting sections which dealt with calculation methods
or lists of formulas used
in the

presentation of the subject matter.

The preface of each

text

was read

determine whether the author indicated that any mathematical
knowledge was

to

assumed or was necessary

A
Although

to

master the subject.

specific page by page analysis
it

was then made

of each textbook.

might be correctly assumed that mathematical symbolism such as

a formula, geometric figure, or arithmetic calculation would stand out on
a

16

page and thus be noted as a use of
mathematics, further reading was
necessary
to

analyze the mathematical concepts
in the text.

pages would bring the formula v =
2
|gt

For example, skimming the

to the attention of the

researcher, but

the statement that "velocity varies
as the square of the time" would
not be

discernible without a

more thorough

reading.

Only a thorough reading would

note that the concept of square root
was involved should the author refer the

reader

to

square root tables in another source.

As the reading analysis

of

each textbook was made, the researcher

noted the occurrence of any mathematical concept
by text and page on a worksheet under the classification of Algebra, Geometry,
Trigonometry, Analytic

Geometry, Calculus, and Vectors.

These are the present divisions

mathematics subject areas above the eighth grade level
might be found

of

use

to physical education

it

undergraduates.

such as Topology or Differential Equations been found

would have been added

that

of

was anticipated

Had other areas

in the analysis, they

to the classifications.

In addition, notation

was made as

to

whether the concept

mentioned as the basis for the physical education concept,

is

is

merely

followed by an

actual example which shows the mathematics involved, or is actually applied
to a physical education

concept by a specific example.

mention the sine of an angle as the concept used
forces for efficient body motion.
of forces with given

Some

textbooks merely

to find the angle

between two

Other textbooks present a vector diagram

numerical values and show the mathematical procedure

17

used to determine the angle between
the forces.

Still

other textbooks present

a vector diagram of forces with
given numerical values, show the
mathematical

procedure used

to

determine the angle between the forces,
and apply the

results to a physical education concept
such as the efficient

movement

of a

body through water while using a specific
swimming stroke.

The outline

in

Chapter

V

uses the information obtained through this

analysis of textbooks to present the mathematical
concepts and their applications
to physical education.

Since the amount of mathematical content included
in the

textbooks varied greatly, the outline also denotes the
number of textbooks that

make use

of

each mathematical concept.

CHAPTER

IV

RESULTS
As stated

in

Chapter III, the rerearch was conducted

The results are presented here for both phases.
determined by responses

to the

department chairpersons

in selected institutions

physical education majors.

in two phases.

Results in phase 1 were

questionnaire sent to physical education

The results of

preparing undergraduate

the personal interviews are also

discussed.

Phase

2 reflects the

research performed

in

analyzing the textbooks

in

use in the areas of undergraduate physical education which were
determined

to

need some knowledge of mathematics.

PHASE

1

Of the 245 institutions surveyed, at least one director replied from
194 or 79 per cent.

were received.

Returns from 263 or 68 per cent of the 388 questionnaires
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In addition to

many respondents

checking the appropriate answers on the
questionnaires,

took the time to write a response on the
reverse side of

These written comments are classified
that express an

awareness

of a

into three areas:

need for some mathematics

of physical education majors; second, the
to the specific

first, the

comments

mathematics content needed; and

comments

preparation

that give information as

third, the

reflect the respondent’s reaction to the establishment of

course structure to offer the needed mathematics.

in the

it.

comments

some

that

type of formal

These comments are

included in this section following the tabular compilation of the questionnaire.

A

tabulation of the responses to question

I

by the number of respondents

and the percentage of total respondents answering "yes" or "no"
in

Table

is

presented

1.

TABLE

1

RESPONSE TO QUESTION

1

Does your

institution offer a mathematics course
designed specifically for physical education
undergraduates ?

Two

YES

NO

11

252

4%

96%

NO RESPONSE

—
—

of the eleven responding "yes" added the

above the "yes.

"

word

"statistics"

One other wrote "Tests and Measurements." Another made

20
the

comment, "math concepts needed,
but not

A

really a 'mathematics'
course.

Tests and Measurements or
Statistics course designed only
for

application to physical education
concepts could be correctly thought
of as a

mathematics course designed for
physical education undergraduates.

However

as this writer will show,
physical education encompasses other
areas which

require mathematical knowledge
different from that found

Measurements or

Statistics courses.

Any course

in

in

Tests and

mathematics designed

specifically for physical education
undergraduates should be

more

all-inclusive

than a Tests and Measurements or
Statistics course would be.

A

second letter was sent

checked "yes" for an answer

to the

remaining seven respondents who

to question

I.

This letter asked

checked because the respondent was using a course
(or Statistics

was

the case.

the "yes"

Five of the six that

One said "yes" was an incorrect

to the original question.

The response

to question

I

substantiated the belief that no course exists

which presents mathematics specifically for physical education majors.

may

be that a course

in the existing

Trigonometry, or Calculus
2

shows

fits the

It

mathematics curriculum, such as Algebra,

needs of physical education majors.

Table

that this is not the case since less than 50 per cent of the institutions

surveyed require physical education majors
course.

was

Tests and Measurements

or Evaluation) as the basis for answering.

replied stated that this

answer

in

if

to

complete any mathematics

Also, the diversity of courses required by each institution requiring
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mathematics shows that no specific
course
curriculum

is

in

the present

best designed for physical
education majors.

TABLE

2

RESPONSE TO QUESTION
Is

No

91

89

9%

II

every physical education undergraduate
required
to complete a mathematics
course ?

Yes

46.

mathematics

45.

9%

No Response

7

3.6%

Women Yes

Women No

Men No

Men Yes

3

4

1.5%

2.1%

Replies are tabulated by institutions rather than individual
respondents.

The courses required and the frequency mentioned are:
Tests and Measurements

6

Statistics

8

Basic (Fundamentals of,
Survey of, Structure of,
Introductory, Insights in,

or General Education) Math

46

College Algebra

19

Any math course offered
dependent upon proficiency
of the student

37

Only two specifically mention Analytic Geometry and Calculus.
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The problem becomes more apparent.

If

there are no specific

mathematics courses designed for physical
education majors as Table
indicates, and

if

1

there is no course in the existing
mathematics curriculum

required of a majority of physical education
undergraduates as Table 2

mdicates, then

is

mathematics needed by physical education
undergraduates?

Part III of the questionnaire aims at the answer
In

Part III, respondents were asked

to

to that question.

check the courses required

of

physical education majors and to register an
opinion as to whether mathematics

above eighth grade arithmetic
often, or continuously.

It

is

needed

in the

course rarely, sometimes,

should be noted that these are only opinions and

not necessarily substantiated by facts.

However, they are opinions

who have either taught these courses or have been exposed

to

them

preparation as professionals in the field of physical education.

majority of these opinions agree that mathematics

is

of

persons

in their

Should a

not needed to under-

stand the concepts required to prepare physical education undergraduates to
study the science of movement, ignoring these opinions and continuing the

research towards the development of the mathematical

knowledge that

contributes to physical education would be difficult.

the other hand, the

opinion that mathematics

is

needed

in

some areas

On

of the preparation of

physical educators would imply that further research as to what type of

mathematics, why

it is

needed, and how

it is

applied is worthwhile.
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Tables 3-15 show the classification
of the responses by
number and

by percentage for each subject
area.
to the questionnaire in the

Since not

all the

respondents reacted

same manner, some determinations
were made by

the researcher.

H

"yes" was checked for "required" beside
some of the listed courses

and no check was made beside the
other listed courses, the absence of
a check

was assumed

to

mean

required" beside

"not required. " Similarly,

some

if

listed courses and no check

"no" was checked for

was made beside

the

other listed courses, the absence of a check
was assumed to mean "required.

Four questionnaires were eliminated because no
checks were made beside
any listed courses.

Twenty-four respondents checked "yes" beside some

of the listed

courses, "no" beside some of the other listed courses, and made
no check
beside the remaining listed courses.

In this case, the

courses with no check

beside them are noted as "no response. "
Thirty-three respondents did not check any of the columns; "rarely, "

"sometimes,

"

"often, " "continuously" beside any course listed.

questionnaires were eliminated.

If

some

of the

These

columns were checked beside

the listed courses and others not checked, the assumption was

made

absence of a check meant that the respondent feels that mathematics
even rarely needed for that course.

that the

is not

"
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A

weight was given to each square
of the tally matrix where a
definite

response (yes or no) was made.

corner of each weighted square

The weighting

is

These weights occur
in Tables 3-15

necessary

purpose

of this study to

upper right hand

on the following pages.

to feature the top priorities of this
study.

Higher weight is given to a required course
than
is a

in die

to

one not required since

determine the mathematical concepts of use

it

to

physical education majors in the professional
preparation required of them.

Higher weight

is

given to a course using mathematics continuously than
to

one using mathematics rarely since another purpose
of this study

where mathematics contributes

for areas

education majors.

to the

is to

search

preparation of physical

The actual numerical values were chosen because they

give an order ranking to the categories in the matrix consistent
with the
priorities of this study.

It

is

proper

to give

some weight

to

responses concerning the need for

mathematics above the eighth grade level although a course
The respondents' opinions
institution

may be based upon

where the course

is

is

not required.

experience at another

required or upon experience with the course as

a requirement at the graduate rather than the undergraduate level.

The "no response" column of the matrix
included in the final weighted score.

is not

weighted and is not

This decision was

made because

only

Analysis of Motion, Biomechanics, and Introduction to Physical Education
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show more than

may

3 per cent of the responses as
"no response. " These three

have shown higher "no response"
entries because they are not
courses

known

to the respondents at the
undergraduate level.

courses by total points would not change
even

if

The rating

of the

these three had their "no

response" weighted as "yes" responses.

The weighted score

summmg

at the

the products of the

bottom of each table

number

of

is

determined by

responses in each square and the

weight for that square.

Tables 3-15 are arranged

in

descending order of weighted score.

highest possible score would be achieved

if all

institutions

one course that uses mathematics continuously.
2025.

The maximum score achieved

is

1597.

surveyed require

This would yield a score of

Tests and Measurements,

Kinesiology, and Physiology of Exercise yield the top three
scores.

and Measurements

most required.
the

is first in the

Kinesiology

most required course.

is

second

in continuous use of

Physiology of Exercise

three areas are analyzed in phase 2.

is

is

it is

another course which

mathematics.

mathematics and

fourth in continuous

Textbooks in these

The fourth rated course by

total

score,

not chosen for textbook analysis because, although

ranks high in being required,
English

Tests

continuous use of mathematics and third-

use of mathematics and the sixth-most required course.

Human Anatomy, was

The

is

low

in

it

needing mathematics continuously.

required by many but

Physics and Chemistry are rated low in

because they are tenth and eleventh respectively

in

is

low in need for

total

weighted score

being required courses.

1597
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Skepticism regarding the need for any
mathematics

in the

of physical education undergraduates
is further dispelled by the

received on the questionnaires.

The awareness

preparation

comments

of professionals in Health,

Physical Education, and Recreation (HPER)
concerning the growing scientific

and mathematical approach

to

undergraduate preparation

in

Physical Education

supported by these repUes to the questionnaire item asking
the respondent’s

comments concerning

the need for mathematics in undergraduate physical

education.

"Having had two years of engineering before transferring to physical education, I have felt that the most
valuable courses that I completed were physics (classical),
chemistry, and math (calculus).
"Therefore, I have been a strong advocate of the basic
sciences including math. Especially now when statistics
and computer science are becoming a 'way of life' teachers
in particular should be able to use these two 'disciplines'—
and to do so requires a reasonable background in mathematics.
"PE teachers now moving out into biomechanics must
have a math background to more thoroughly understand laws
and principles of physics and the mathematical applications
of such. With the demand for the technician lessening, the

—

—

PE major must

look to other avenues

—

and I dare say these
other avenues are going to demand mathematics as a prerequisite especially in graduate work. nl

—

"Most desirable.
"While we do not have a strong math requirement,

I

personally believe we should have a course or better requirements because: (1) such courses as Tests and Measurements,
Kinesiology, etc.
(2) having a weak background from high
,

*Prof. Leo R. Schneider, Iowa State University, Ames, Iowa.
o

Dr. Leonard Larson, University of Wisconsin, Madison, Wisconsin.
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school and only three hours at the college level many students
do not score well on the GRE, (3) many students may have
a
desire to elect courses from other areas but do not do so
because of poor math background. m1
.
. We all believe that our students can gain
more if
they have a basic understanding of mathematics— and most of
all can make some application of same in their course work.

.

.

"2

"All of our majors must take a math course of his or
her choice. I think most of our majors lack a basic math
background to deal with some of the more complex problems
which are now a part of physical education. In our TestMeasurement courses most of our time is spent on going over
elementary statistical material which should have been learned
prior to taking the course.
"I thank you for selecting Lenoir Rhyne College in your
study. This seems to be something all Physical Education
professionals should concern themselves about. I feel the
whole profession has been lacking in this area, particularly
with research. " 3

"A number

of topics in our undergraduate curriculum

could be handled in a more mathematical way than at present
(e.g. Tests and Measurements, discussion of biomechanical
principles in Kinesiology, etc.). However, at the present
time, the approach is to deal with many of the concepts which
involve mathematics in a conceptual manner, thereby avoiding
the problem of speaking over the heads of the student who has
"4
not had a sufficient math background.

We

,r

hadn't really thought of a need for a math

course—

but sounds interesting and useful.
"Definitely a need for college level math.

1 Dr.

Bill

Larson, University of Southern Mississippi, Hattiesburg, Miss.

2 Virginia Young, Livingston University, Livingston, Alabama.
3

Dr. Keith Ochs, Lenoir Rhyne College, Hickory, North Carolina.

4

Dr. Margaret Dobson, Portland State University, Portland, Oregon.

^Larry Johnson, Simpson College,

Indianola, Iowa.

Pembroke, N.C.
^Dr. Raymond Pe nnin gton, Pembroke State University,
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"Necessity. m1
•
•
1 have tau ht Tests
and Measurements tor the
S
\
past eighteen years and I
sincerely believe that PE
majors
... are woefully short in mathematical
concepts.
'While some can add and
subtract, very tew can
visualize or see relationships.
Evidently4they have avoided
math through High School.
.

PG that y ° U can come U with a
P
fin
t
7,
u°
0
that
will be useful to us. "2

recommendation

am very excited about the nature of your
work.
one area of physical education that
has been badly
neglected. I am very interested in
receiving your results.
"I

This

is

3

a student has had three or four
years of high
school math, he should be able to
handle most
If

of his

undergraduate work in Physical Education.
desirous of majoring in Measurement
or

For some one

Kinesiology,

college

math through Calculus

"I think

is helpful. "

math

is a valuable tool in Physical
Education.
tend to agree with the thinking— that not
enough math is
required. nt>
I

"In Analysis

& Biomechanics (which are developing
same course) the need is definitely for a

almost the
physics/math approach. We find that our courses have to
teach math intro or revision for the first few sessions
of
each new course. A math requirement would certainly help.
into

"6

Marjorie Price, Miami University, Oxford, Ohio.
2
3

4
5

0

Dr. Everett Irish, Central Washington State College, Ellensburg, Wash.

Bob Fairbank, Bethel College, North Newton, Kansas.
Paul Hunsicker, University of Michigan, Ann Arbor, Michigan.
Dr. Harry

Stille,

Erskine College, Due West, South Carolina.

Dept. Chairman, Western Michigan University, Kalamazoo, Michigan.
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"We consider

it

important. m1

If properly taught
professional courses.

it

is

fundamental

to

competence

in

"Because of a felt need for math, it was included
as a
requirement in our curriculum three years ago.
In

metry

student

my

opinion, mathematics through basic trigono(if not essential) for every
college
but especially for any advanced work in Physical

important

is

—

Education.

"The analytical thinking necessary to understand math
important in formulating most concepts. Too much of other
subject matter can be passed by rote learning, memorization,
and other kinds of non- analytic thinking. Thinking about
something tends to be shallow: thinking through something
is

what

important to good education.
"I
convinced that Mathematical reasoning
Arithmetic is basic to logical analysis.
is

is

am

—

"I

— above

believe very strongly that a course on the freshman-

sophomore level designed to create a basic understanding of
mathematics related to biomechanics, kinesiology, and
tests and measurements should be in every college curriculum
offering a B. S. degree in Physical Education. As it is now,
the senior major or junior major typically is lost in these type
of courses because of a poor background that stressed different
principles and priorities than needed for these specifics in
his area.

"I

believe a good background

in physical education.

in

Our majors do

mathematics

is essential

not have the knowledges

and skills they need. I like your idea! One of our Kinesiology
teachers who is very good in mathematics said she wished she
had thought of your idea. " 6

^Melvin Lorback, West Chester State College, West Chester, Penn.
p

Dr. Clifford Lewis, University of Georgia, Athens, Georgia,

o

Dr. John Fox, Northeastern University, Boston, Mass.
4

Dr. Wellman France, Purdue University, Lafayette, Indiana.

5

Dr. Jerry Wilcoxson, Bethel College, McKenzie, Tennessee.

6 Dr. Phyllis

Cunningham, Northern

Illinois University,

DeKalb,

111.
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Physical education teachers should have competence
in
math, commensurate with other teacners. Physical
education
students interested in research must be required to
take
additional 2math at least to elementary calculus. "1

"Our whole undergraduate and graduate area suffers from
a lack of competence in mathematics. Our textbooks in such
areas as Physiology, Mechanical Analysis, and Tests and
Measurements leave important material out because either the
authors or the students and professors who4 will use it don’t
understand basic mathematical concepts. Our whole curriculum
in the scientific area is watered down due to a lack of preparation
in math. "
"Physical educators need a sound background in mathematics. The very nature of the means that we use to reach
educational objectives often involves how much, how far, how

—

how

long, how accurate, etc.
mathematics. "3

fast,

We

are continuously using

"Believe mathematics to contribute to understanding of
student is likely to encounter. We do not prepare
students to function only at base level, thus ability to handle
computational concepts will be valuable. "

many elements

mathematical ability often causes students
very worthwhile experiences.

"Lack

of

to

avoid

"Our program is kinesiological in nature (that is, it is
concerned with the understanding of sports, games, dance and

We

require all students to take five units (quarters)
of statistics, and we also have a Kinesiological Measurements
course (five units, with laboratory) in which we explore the
statistical tools necessary to measure and evaluate performance.

exercise).

Lewis Hess, Ohio State University, Columbus, Ohio.
2

Elmo Roundy, Brigham Young

University, Provo, Utah.

3

Dr. William Herman, Slippery Rock State College, Slippery Rock, Penn.

4

E. Preston Mitchell III, Tennessee State University, Nashville, Term.

5

Dr. William Clipson, University of Alabama, University, Alabama.
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our contention that kinesiology is a
science; that science
quantification; and that a student in this
field must
have a workable knowledge of the
mathematical-statistical
tools which underlie quantification. m1
It is

demands

These comments reinforce the recognition

m undergraduate physical

of the

need for mathematics

education preparation as a tool for quantification

methods as well as a basis for understanding

scientific principles and

visualizing relationships in applications to physical education.

However,

it

should be noted that the answers to item II of the questionnaire
show that of

194 institutions replying, only 91 or 46.9% require any type of mathematics
for undergraduate physical education majors.
In

a count of the 26 institutions quoted above, only 13 replied that they

require a mathematics course of their undergraduate physical education majors.

These are such courses as Basic Mathematics, Fundamentals

of

Mathematics,

Introductory College Mathematics, and College Algebra or Trigonometry.

None require

Calculus.

Thirteen require no mathematics.

None

of the 26

offer a special course designed strictly for physical education undergraduates.
In the

second type of written response received on the questionnaire,

the respondents note specific areas of mathematics that are of assistance to

physical education undergraduates.
in

phase

2, the

As

will be seen in the

research conducted

areas mentioned are included in this study.

*R. S. Rivenes, California State University, Hayward, California.
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"For Tests and Measurements, I find inadequate skills
taking roots, (2) working with sign rules in multiplication,
division, subtraction, and addition, (3) use of tables in general,
in:

(1)

(4) basic algebraic functions,
concepts almost non-existent.

(5)

understanding of probability

"Our students need statistics for
4 tests and measurements,
and they need trigonometric methods of resolving forces into
components for biomechanics, analysis of motion. Not all of
these courses are taught on the undergraduate level. I wish
our students did take mechanical physics and math; however,
in this day of great flexibility, what is needed is not always
what is taken. "2
,f

We

do feel that at least basic algebra concepts should
be acquired by some means by all of our students prior or
during the undergraduate experience.

"A math course would be helpful, especially in the
Our emphasis is in biomechanics which
"
includes a certain amount of math.

kinesiology course.

"In our current program we see the need for additional
mathematics preparation most often in Kinesiology, Physiology
of Exercise, and Tests and Measurements. So far we have not

required additional preparation by the students, but rather
limited the extent to which the courses would involve
mathematics.

^Dr.

Mary Ann Hess,

University of Maine, Orono, Maine,

o

Katherine Ley, State University of
3

Cortland,

New York.

Dr. Charles Corbin, Kansas State University, Manhattan, Kansas.

4

Dr.
5

New York,

Wayne Osness, University

of

Kansas, Lawrence, Kansas.

William L. Steinbrecker, Appalachian State University, Boone, North

Carolina.

46

"Need algebra for Tests and Measurements." 1
"Students in the Physiology of Exercise
use several math
procedures including solving simple equations,
basic statistics,
logarithms, but most importantly they need to
understand data
analysis (i.e., interpretations of graphs, x-y
plots, etc.).

in

"Our text for Measurement and Evaluation is Measurement
Physical Education by Mathews. Our students need
an under-

standing of simple equations, proportions, and simple
mathematical concepts. Our students also need a good algebraic
background and an understanding of square root. In addition,
handling fractions and graphic techniques would be helpful

along with a beginning work with correlations.
"Students in Biomechanics need an understanding of
proportions, simple mathematical concepts and operations which
many lack. Trigonometry can be taught 'cookbook'— but the
difficulty we have is with the heterogenity of backgrounds
some
cannot solve simple equations with one unknown whereas others
have completed Calculus II. We are trying to solve this with a
modified PSI approach-modified in that optional units are
available for basic math, advanced work, etc. Hope your thesis

—

will be widely circulated in

math circles— it would be splendid
have a prerequisite course which the advanced people could
omit by examination.
"In Anatomical Basis of Movement techniques of analysis
have been selected for inclusion which do not involve much math
because of the difficulties described above. Ideally, math
should have continuous use in this course also and should
permit a broadening of the course. Its content is presently
restricted by the math background of many of the students.
Text used is Biomechanics of Sport b y James Hay. Minimum
math needed is trigonometric method of resolving vectors,
solving equations handling fractions, graphing techniques, and
conversion from angular to linear motion. It would be excellent
if student had Calculus I course involving differentiation and
to

—

,

integration (single). " 2

^Dr. Roger Wiley, Washington State University, Pullman, Washington.
2

Comments

New York.

of Staff

Members,

State University of

New York,

Cortland,

47

"Courses taught in the department of physical education
for women deal with such topics as: center of gravity, projectiles,
composition and resolution of forces, linear and angular displacement and velocity (torques and torque arms), and elementary
descriptive and inferential statistics. An on-line remote terminal
is available for solving most problems, but we expect the student 3
to understand the concepts involved.
"Basic algebra and minimal trigonometry are necessary
for all the biological science based courses and courses in
which research articles are read. Calculus is necessary for
those who wish to specialize in Biomechanics. Two levels of
math courses would be helpful one basic course, and one
advanced course for the more research orientated students. "2

—

should have algebra and
Physical education majors should have trigonometry."

"I believe all college students

geometry.

"Sincerely feel that math is a necessary course for
majors. We cover a unit on statistics in Tests and Measurements, and it certainly is difficult for those with a poor math
background.
"I

believe

it

will not be too difficult for you to determine

the mathematical areas in which physical educators need a
background, and there is no question about such a foundation

being of inestimable use to instructors who will eventually teach
such courses as kinesiology, analysis of motion, and tests and

measurement.

"5

^Carol Widule, Purdue University, Lafayette, Indiana.
2

R. G. Wright, University of Illinois, Urbana, Illinois.

3

Mich.
Eunice E. Way, Central Michigan University, Mount Pleasant,

Tallahassee,
4 Dr. Peter Everett, Florida State University,
5

Dr. David Field, Ball State University, Muncie, Indiana.

Florida.
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The possible development

of a

model coarse

in

mathematics

specifically designed for the needs of physical education undergraduates
is

mentioned

in the

cover letter sent with the questionnaire.

gave their reactions.

examined

to

Some respondents

Certainly, the research of phase 2 will need to be

see whether material for such a course exists.

responses will influence any final decision

to

However, these

develop a course.

"At Kansas State University
math may be taken as one of
2
the four science requirements (natural) for the B.S. degree.
It is not specifically required.
We do feel that students should

have some math background, but we are opposed to people in
physical education teaching math just as we are opposed to
people in math teaching physical education. Students need
enough math to get through various courses. If they can get
this in high school or by taking one course or two at the college
level fine. However, we do not think that it is necessary or
fair to require all students to have a math course. This may
not meet their individual needs and reduces the flexibility of
the degree. "1

—

’

math

'Students in physical education are generally deficient in

skills.

The value

of a special course is still questionable

my mind. Students don't see use and are generally apathetic.
Only when taught concurrently with course making use of skills
or as part of the course, do students begin to understand need.
I hope you come up with
It has been a bad problem for years.
"
something productive.

in

professional opinion that the development of an
interrelationship of mathematics and physical education would
be most beneficial. We know that most physical education
"It is

my

students are not competent or interested in math per se. A
combined math course having specific application to physical

education would be of

^"Dr.

immense worth and

justification.

1,2

Charles Corbin, Kansas State University, Manhattan, Kansas.

2

Dr. Kathryn Luttgens, Northeastern University, Boston, Mass.

3

Penn.
Dr. Matthew Maetozo, Lock Haven State College, Lock Haven,
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"A coarse designed

to acquaint students in mathematics
applicable to an educational setting and specifically
related to
measurement and evaluation would be extremely beneficial. M ^

a math course designed for physical education
majors would be extremely helpful to them. " 2
"I feel that

"A great idea
Contrary

4
— I'm extremely interested in this
endeavor.

to the previous responses,

some

"3

reactions were found that

object to the offering of a specific course designed for physical education

unde rgraduates

'We do

not need a required mathematics course. We would
rather teach our own as well as design our own text to be used

—

with our own majors
We have some of the top people in the
country working on measurement and evaluations
Hope this
does not discourage you in your research. You can make a
!

!

!

!

contribution through identifying the needs of each area.
or a required course No it is not needed! "

— —

text,

A

"Need to refresh basic math before taking Tests and
Measurements. We do this very briefly at the beginning of the

We

done at a much earlier
level in teaching basic math so that an additional course at the
college level is not necessary. " 3
course.

feel a better job should be

"Our university faculty does not believe every teacher
should have math through Calculus. " 6

*Dr. J. William Douglas, West Virginia University, Morgantown, West
Virginia.
2

3

Marie Pennington, Texas

A&

I

University, Corpus Christi, Texas.

Dr. Evelyn Prescott, Arkansas State University, State University, Ark.

4 Dr. Fred Darling, Eastern Kentucky University, Richmond, Kentucky.
5

6

Dr. Frances Bleick,

St.

Cloud State College,

St.

Cloud, Minnesota.

Elton Green, University of Northern Iowa, Cedar Falls, Iowa.
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1

would prefer

"I

math courses

in the

to have physical education majors take
math department with other university

students."
do not see the need for a separate course
with the need as it occurs. "2
"I

— rather deal

"I believe our mathematics department would consider a
request to develop such a course to be a request for a 'watereddown’ course. I can justify mathematics for all students. I
question we will help students when wc ask for special courses

in the

general education area. "3

"P.E. majors should not have a separate math course.
They should have a minimum of two years of high school
Algebra, and a half unit of Trigonometry as well as Geometry. " 4
".

.

.

course to physical education departments
our students are fearful of mathematics is

to sell the

when so many

of

going to be your major task in

The results
of respondents

undergraduates

curriculum

my

opinion. " 5

of the questionnaire indicate that the opinion of the majority

who are professionals
is that

in the preparation of physical education

some mathematics

to assist students to

attuned physical educators.

is

needed

in certain

areas of the

become better prepared and more

Phase

scientifically

2 of this research will delve further into

the substantiation of these opinions.

1

Dr. Helen Watson, University of Tennessee, Knoxville, Tennessee.

2

Dr. Donald Handy, University of California, Los Angeles, California.

3

Dr. Eleanor

4

3

St.

John, Indiana State University, Terre Haute, Indiana.

Dr. Joseph Gruber, University of Kentucky, Lexington, Kentucky.
Dr. David Field, Ball State University, Muncie, Indiana.
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The personal interviews revealed that there

is

agreement with the

results of the questionnaires concerning the
physical education courses that

most use mathematics once

the following is considered.

At Springfield

College, students are required to complete a year of
Physics and a year of

Chemistry.

Therefore, interviewees rated Physics and Chemistry very high

as needing mathematics for an understanding of the principles and
laws applied
to

movement.

compiled.

This is not the case when the results of the questionnaire are

This apparent discrepancy can be accounted for once

it is

realized

that only 29 per cent of the institutions surveyed require either Physics or

Chemistry, and an even smaller percentage require both.

A

difficulty that

can be only surmised from the written returns became

evident in the interviews.
as to whether

it is

It

was

difficult for a

person

above eighth grade arithmetic.

to classify

When pressed

mathematics
as to specific

mathematical concepts used, most interviewees immediately replied addition,
subtraction, multiplication, division, squaring, square root, and substitution
of

numbers

arithmetic.

into given formulas.

By the end

These are topics included

of the interviews, this writer had the feeling that a

course in review arithmetic (mathematics through grade

most

in eighth grade

eight)

might be the

profitable course for undergraduate physical education majors.

2 of this dissertation will bring evidence to

bear concerning

Phase

this feeling.
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PHASE
The results of phase

1

show

2

that Tests and

Measurements, Kinesiology,

and Physiology of Exercise are the three leading
users of mathematics among
required courses for undergraduate physical education
majors.

As noted previously, the response from

the

departments of textbook publishers was small.

marketing research

One publisher did substantiate

the feeling of this writer that a school which ranks

number one

in

preparing

physical educators, as Springfield College does, has an extensive
physical

education library:

suggest you contact the faculty members teaching
Anatomy, Physiology of Exercise, Kinesiology, and
Evaluation in Physical Education for the texts they use.
I

You may also find that the Springfield College library
has most of the texts. ^
Material received from the Burgess Publishing Company indicates
that

Barrow and McGee, Mathews, and

Safrit are three

textbooks in

competition with Johnson and Nelson as leading textbooks

Measurements.

These textbooks are included

in

Tests and

in the lists of textbooks

analyzed.

The McGraw-Hill Publishing Company, through contact with

its local

sales representative, sent a letter indicating that the leading textbooks in

^Letter from Joan Wynn, Editorial Assistant, Physical Education,

The C. V. Mosby Company, February

4, 1975.
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Kinesiology are by Wells and by Cooper and Glassow.

deVries

is the

They also

leading Physiology of Exercise textbook while
Mathews

leading Tests and Measurements textbook.

However these were
,

mentioned are included

is the

Since none of those mentioned are

published by McGraw-Hill, this writer feels that the information

is

state that

is objective.

the only replies and, while the textbooks

in the analysis, an analysis of only these textbooks

not conclusive enough evidence to support the hypothesis that mathematics

does contribute to the preparation of physical education undergraduates.

Thus, the 1974 edition of Books in Print was used as a basis for
of textbooks in the areas of Tests and

Physiology of Exercise.

fin din

g titles

Measurements, Kinesiology, and

The next three sections present an analysis

of

fourteen textbooks in Tests and Measurements, ten textbooks in Kinesiology,

and twelve textbooks in Physiology of Exercise.

TESTS AND MEASUREMENTS
Perhaps more than any other area
places emphasis on testing and evaluation.
physical education has a
statistics

more

and measurement.

of education, physical education

It is

not necessarily true that

refined or sophisticated knowledge of

It

is

simply that physical education

is

concerned

with measurable quantities such as strength, endurance, body fitness,
distance, and physical characteristics such as posture, mobility, and

demonstrated

skill.

The appearance of a tennis racquet,

golf club, or
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vaulting pole

made

of a

new metal,

synthetic turf, or the use of a

the use of various types of shoes on

new method

data of interest to the physical educator.
its

interpretation involves courses in
It

seemed natural only

education.

Although

it

performing the high jump yield

The proper treatment of data and

measurement and

to select texts that

might be true

ments for any educator would

of

that

make reference

to physical

a text geared to tests and measure-

suffice for physical educators, the existence of

fourteen texts with titles aimed at physical education
for this writer.

evaluation.

made

logical choices

The following fourteen textbooks were obtained and used

in

the analysis:

Harold E. Barrow and Rosemary McGee, A Practical Approach to
Measurement in Physical Education (Philadelphia: Lea and
.

Febiger, 1973).
H. Harrison Clarke, Applications of Measurement to Health and
Physical Education . 4th ed. (Englewood Cliffs, N.J.
Prentice -Hall, Inc., 1967).
B.

Don Franks and Helga Deutsch, Evaluating Performance in Physical
Education. (New York: Academic Press, Inc., 1973).

Mary Jane Haskins, Evaluation

Wm.

in Physical Education .

(Dubuque, Iowa:

C. Brown Co. Publishers, 1971).

Barry L. Johnson and Jack K. Nelson, Practical Measurements for
Evaluation in Physical Education . 2nd ed. (Minneapolis,
Minnesota: Burgess Publishing Co. , 1974).

Donald K. Mathews, Measurement in Physical Education.
W. B. Saunders Co. , 1968).

(Philadelphia:
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Charles H. McCloy and Norma D. Young, Tests and Measurements in
Health and Physical Education
(New York: Appleton-Century.

Crofts, Inc., 1954).

Carlton R. Meyers and T. Erwin Blesch, Measurement in Physical
Education.
(New York: The Ronald Press Co. 1962).
,

N. P. Neilson and Clayne R. Jensen, Measurements and Statistics in
Physical Education
(Belmont, California: Wadsworth
Publishing Co. 1972).
.

,

Margaret

J. Safrit, Evaluation in Physical Education.

Cliffs,

M. Gladys

N.J.

:

Prentice-Hall, Inc., 1973).

Scott and Esther French,

Physical Education .
Publishers, 1959).

Thomas

(Englewood,

Measurement and Evaluation
Wm. C. Brown Co.

in

(Dubuque, Iowa:

J. Sheehan, An Introduction to the Evaluation of Measurement
(Reading, Mass.: Addison-Wesley
Data in Physical Education
Publishing Co. , 1971).
.

Jerome

C.

Weber and David

Physical Education .

R.
(St.

Lamb,
,

Statistics and

Research

Louis: C. V. Mosby Co.

,

in

1970).

Carl E. Willgoose, Evaluation in Health Education and Physical
Education. (New York: McGraw-Hill Co. 1961).
,

The
of the texts.

first

concern was

determine how mathematics

This use is evident

mathematical needs
to

to

if

the authors

in their prefaces.

is

used

in

each

make any statements concerning

However,

of the fourteen, one alludes

mathematics as follows: "Most professional students

in physical education

mathematics.
do not enter the curriculum with an extensive background in

Another states: "Perhaps the most unique feature

1

Haskins

,

of this

Evaluation in Physical Education,

ix.

book

is the
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presentation of statistical methods on an intuitive, non-mathematical basis
utilizing data and situations that are familiar and meaningful to physical

education students.

Another indication of concern for mathematics
section on arithmetic review in the text.
include two or three pages of

summary

numbers, operating with fractions, and

is the inclusion of a

Only three of the fourteen texts

of the rules for operating with signed

the long-hand

method of finding

the

square root of a number.
Five texts include a table of the squares and square root of whole numbers

from

1 to 1000 .

One

text of these five also includes a

column for

the decimal

reciprocals of the numbers from 1 to 1000 with the square root table.
also includes a table of

random numbers.

Nine texts offer a table of per-

centage of total area under the normal probability curve.

Three include a
and F-values.

Only two have tables for t-values

table of Chi-square values.

One

Although the above analysis shows that the texts do not give much
conducted by this
attention to mathematical skills needed, a further analysis

researcher shows that there

is

mathematics involved

in

using these texts.

assume
This researcher can only surmise that the authors
texts are

aware

of the

mathematical concepts needed prior

that'

to

users of the

using the text

mathematics
or that the authors, themselves, do not realize that

1
vii.

Weber and Lamb,

Statistics and

Research

in

is

needed.

Phys ical Education,
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For example, every

square root of a number

text uses the

to

arrive at the

standard deviation, yet only seven offer a table or explain a method of
obtaining square roots.

A

large part of a course in Tests and Measurements deals with types

Mathematical needs

of tests, testing procedures and test administration.

become most evident
belief that the

placement

in statistical

treatment of data.

emphasis on material

main emphasis

to the

presented
text is to

in the first

emphasize

may

of the text.

material in the final chapters of a textbook

because of the lack of class time
few pages

in

may

a course.

may

its

often be considered as

In this writer's experience,

be covered hastily or omitted

On

the other hand, material

be review of previous knowledge.

statistical treatment of data,

in the first part of the text

this writer's

any textbook can be changed by

Material in an Appendix

in the text.

supplementary

in

It is

and interweave

its

it

would include

use throughout.

The other

a

material

Of the fourteen

the Appendix.
texts analyzed, two include a section on statistics in

others leave statistics until the last chapter.

this

If

Two

ten introduce

of the text, and refer to
statistical treatment of data within the first fifth

statistical concepts throughout the text.

statistical

methods as an integral part

Thus, a majority of the texts treat

of the subject

matter

of the course.

58

A

further analysis was

knowledge required

to

made

to

make

of

mathematical

understand the statistical treatment of data.

The mathematician recognizes
treat data

determine the extent

that there are two procedures used to

parametric and non-parametric procedures.

Franks and Deutsch

the following distinction between these procedures:

Parametric methods are based on selecting samples from
meet certain prerequisites. The populations
are assumed to be normally distributed and to have similar
variance. The samples are assumed to be randomly selected,
and the tests are scored on an equal interval scale. If these
assumptions are met, the parametric statistics are more
precise than the non-parametric procedures and should be
employed. In addition, many of the parametric statistical
procedures appear to be quite good even when some of the
basic assumptions are not met. Parametric statistical
procedure (see Chapter 6) can be employed and are
recommended if a computer and computer time are available,
if fairly large groups of about equal size are used, and if the
tests are measured by an equal interval scale. This situation
exists in many research laboratories and physical education
departments in universities.

populations that

Non-parametric procedures can be used with rank order
data and do not presuppose rigid sampling procedures from
populations who meet certain criteria. They are easier to use
(without computer) and understand (without a good mathematics
background) and appear to be more appropriate for most of the
analyses done in education. Therefore, if computer time is
not available (or if there is no one who has time assigned to
conduct statistical analyses on a desk calculator), if small
and/or unequal groups are used, and if the measures are ranked,
non-parametric statistical procedures are recommended. This
situation exists in the majority of physical education situations

and studies.

1

*

B. Don Franks and Helga Deutsch, Evaluation Performance in Physical

Education, (New York: Academic Press, Inc., 1973), p. 75.

59

The text quoted above presents parametric procedures

in

an additional

chapter.

Franks and Deutsch outlined the difference as follows:

SUMMARY OF PARAMETRIC AND NONPARAMETRIC
Parametrics

Statistical

STATES TICS 1
Nonparametrics

Random sample from noimully

Assumptions

distributed population

Scoring
Central tendency

At least equal interval

Variability

z, s.d.

Percentile, quartile

Correlation
Significance tests
Two independent

Pearson r

Spearmen rho,

Mean

t

for independent groups

Rank order
Median
r

Mann-Whitney U

samples

Two

related samples

More

paired

Wilcoxon Matched-

t

Analysis of variance

than two

Pairs
Signed Rank
Kruskal -Wallis

(ANOVA)

independent

samples

More

than two related

Repeated measures

Frieman

(ANOVA)

samples

Back

Conclusions

to population

Authors are not agreed as

to the

Only for sample

use of parametric statistics by

Franks and Deutsch imply that the majority

physical educators.

education situations and studies use nonparametric procedures.

Lamb

of physical

Weber and

contradict this implication with the following statement:

The most common statistical techniques in physical
education, the t tests, F tests, and the correlation methods,

1

Don Franks and Helga Deutsch, Evaluation Performance in
76.
Physical Education (New York: Academic Press, Inc., 1973), p.
B.

,
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require fairly restrictive assumptions about the form
of the population distributions and about certain parameters

all

means and standard deviations) of those distributions
and have become known as parametric tests. *
(i.e.

In addition to the

two textbooks already cited, Willgoose includes

in

his final chapter, "Interpretation of Data, " a mixture of both parametric and

nonparametric techniques without reference

to

any differentiation between

them.

The use

in

parametric statistics

of a

random sample from a normally

distributed population is mentioned in seven of the textbooks.

One other

a table of random numbers in the Appendix.

Only one places

cites references

where

such tables can be found.

A

majority of the texts treat data in two ways.

a small group (less than thirty), they treat
that

each individual score

symbol
of

may

that

numbers.

used

be unfamiliar

in the

This means

mathematical calculations.
one for the

sum can be expressed

of fifteen scores labelled x,

as

£x

sum

£

One
of a set

(sigma).

would mean the

of the 15 scores.

Formulas for determining the mean,

or

comes from

as ungrouped data.

to the student is the

Mathematically, the

For example, given a set

sum

is

it

the data

If

—

,

of

>

a-Hd the

median,

N

ungrouped data require addition and division.

Twelve

°

of the

2

1 Jerome

C.

Physical Education ,

Lamb, Statistics and Researcn
172.
Louis: C. V. Mosby Co. 1970), p.

Weber and David
(St.

R.

,

m

fourteen texts locate the
give formulas for the

Mode =

mode by

mode which require

3 (Median) - 2 (Mean) or

A more

most frequent score.

finding the

Two

texts

multiplication and subtraction:

Mode = Mean

- 3

(Mean

- Median).

complicated formula, involving basic operations of addition,

subtraction, multiplication, and division as well as finding the square root,

required to compute the standard deviation of ungrouped data.
the texts use

^

I

,

A

is

majority of

difference between each score and the

where d

is the

N

number

N-l

mean

of the scores and

N £ *2 -( * x) 2

is the

of scores.

Two

texts use the

formula

.

N(N-1)
Although the mathematics involved here

is the

basic operations of

addition, multiplication, and division, the experience of the writer has been
of operations.
that the college undergraduate needs to be reminded of the "order

The "order

of operations" is

which has become a rule.

It

an agreement between users of mathematics
states that in a calculation involving different

be:
operations the order of performing such operations shall

Thus

in the

1.

operations enclosed by parentheses or other

2.
3.

grouping symbols
raising to a power or finding a root
multiplication and division

4.

addition and subtraction

formula A.M.

+^^-)i,

the order of operations dictates that

l.fd be first calculated, then divided by
finally

added

to A.

M.

N

and then multiplied by

i,

and
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Unless such an agreement

is

understood

to exist, it is

decide the order in which to perform the operations.
7

g
+ —

impossible

to

As an example:

done by the order of operations agreement yields the correct

(3)

2
o

answer

However,

of 19.

first adding 7 +

—

and then multiplying by 3

Li

yields (7+ 4) 3 = 33.

This "order of operations" agreement

is

similar to the

understanding that everyone in a country drive on the proper side of the road.

The treatment
grouping

it

into intervals and counting the

each individual score
is

of statistical data in an efficient

generally followed

falls within the

if

number

of

manner may require

times (frequency) that

predetermined interval.

This procedure

the data represents over thirty scores.

Scoring by

intervals is treated in all texts.

Most

mean

(A.

M.

of the texts find the

)

mean

and making a correction

the scores times their frequency

of

grouped data by choosing an assumed

to the

£. fd

assumption by taking the sum

divided by the

and multiplying this by the size of the interval

(i).

number

of scores (N),

This gives the aforementioned

formula A. M.

The analysis showed

that the following

mathematical formulas are

basic to the majority of texts

<r =

£fx2

Median =

N

N

LL

for computing the standard
deviation of grouped data

42 fx'
N

+

-

CF

2
k

f

median

of

for computing the median of
grouped data
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Percentile
score =

LL

+

for grouped data

for relating any score to a

standard scale

rh0 =
i

1 '

for computing the coefficient of

£ ])2

6

i

correlation between two sets of

n'(N 2 -1)

ungrouped scores involving a
small number of subjects

Ixy

for computing the coefficient of

correlation by the product-

moment method with a small
number of ungrouped scores

N

_

(

Ixy)

- (ix) (S.y )

for computing the coefficient of

Vn7 2x 2 )-(£x) 2 VN(£y 2 )-( ly

correlation using deviations

2

taken from zero of ungrouped

)

scores. Especially useful
calculator is available.
1
«Tf
2.fx

r =

1

y

a

11

- cx cy

for computing the coefficient of

N
(

if

correlation of grouped scores.

Cx

1
)

(

o-y

This is often called the scattergram

1
)

method.
for computing the interquartile

deviation

Q

=

Q3

-

and

Q-j^

Qx

from

are computed by using

75% and 25%

2

the median.

in the percentile

formula.

The "t"
to

statistic is

used to test hypotheses about the means of samples

determine whether the difference

(significant) difference

is

due to chance error or

is

a real
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Basically, "t" is the quotient of the difference of the

means divided
x, - x f

by the standard error of the difference between the means:

1

t

2

=

SE D
However, the computation
of the

samples used.

SE^

of

depends upon the size and relationship

Namely:

X

+n

D
l

2

for small independent samples

n
“2

'ni1

for small related samples

SE

+

for large independent samples

0! (n 2 -l) ^ n 1 + n 2
n^ + n -2

Ti (n-,-1)

2

se

D

=

immune
n

2

for large related samples

(n-1)

The majority
into a standard,

of texts provide a

normalized score.

method for converting raw scores

Such normalized scores frequently

mentioned are the T-scale, Hull Scale, and the six sigma scale.

All rely

on the general fomula
Standard Score =

—

<TS (X-M) +

Mg

where <rs and

M

represent the mean

3x

and standard deviation of the standard scale and
deviation of the

One

cr^

is

the standard

raw scores.

final

concept found in a majority of the texts analyzed

normal probability

distribution.

is the

Although none of the texts show the derivation

develop the concept of
by the Calculus of the area under the curve, some do
of probability illustrated
the bell-shape of the curve by using the principle
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by tossing a fair coin and recording the resulting number
In

summary,

heads and

tails.

the material presented so far is found in a majority of

Any attempt

the texts.

of

to

determine the mathematics needed for successful

use of tests and measurements in physical education must include

skill in the

operations of addition, multiplication, subtraction, division, squaring, and
finding the square root of rational

numbers

in both fractional

and decimal

form.

None

of the texts display a need to solve any given formula for any

variable in the formula other than the one the formula is intended to solve.

For example, no algebraic manipulation

is

needed

to solve the

2

for N, when given rho and D, since there
rho = 1 - - ^2—
Z

N(N

is

formula

no call for

-1)

finding N.
In fact,

its

use.

most

of the texts take

The following example

student shows that the student

each formula step-by-step and outline

of the detailed procedure presented to the

is led

step-by-step through the needed

mathematics
Calculation of the

Mean from Grouped Scores

mean with
The method commonly used to calculate the
it
Although
grouped data is called the short method.
all to
probably will not seem like a short method at
procedure for the first time, it is
an estimate as
actually quite simple. It merely involved
correction to locate
to where the mean lies and then a

someone doing

the actual

this

mean.
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The following steps relate to Table 3-11, which
method of computing the mean from
the number of push-ups scored by sixty college men.

illustrates the short

Step 1: Estimate where the
set rule in

making

mean

lies.

There

is

no

the estimate; ordinarily one selects a

step interval near the center of the distribution and, usually,
which contains the largest number of scores. However, a

correction factor is to be applied; therefore, there
penalty for making a poor estimate.

is

no

or assumed mean,
was chosen to lie in the 24-27 interval. The assumed mean
is taken to be the midpoint of that interval. It should be
recalled that the location of the midpoint of an interval is
In this

sample problem

the estimate,

figured by adding one-half the size of the step interval to the
lower limit of the interval. In this case the midpoint is
23. 5 + (2 x 4) = 25. 5, and this is entered as the assumed

mean

(AX).

Step 2: After the interval containing the assumed mean
has been indicated, determine the correction factor. To do
this number the step intervals above and below the assumed
interval as to their deviation from the assumed mean.
To illustrate: The step interval 28-31 is one deviation above
the assumed mean interval; step interval 32-35 is two

mean

deviations above; step interval 20-23 is one deviation below;
and so on until column d is completed.
of step
Step 3: Since the deviation column is in terms
be taken
must
interval
each
intervals, the number of scores in

Consequently, multiply the values in column f
the assumed
by their respective deviations above and below
into account.

mean.
column.

To

fd
Step 4: Obtain the algebraic sum of the
values, and
negative
the
add
do this add the positive numbers,
the positive
determine the difference. In this sample problem,
fd values totaled -55,
fd values totaled 54 and the negative
£fd) to be -1. That the
resulting in the sum of the fd column (
identical indicates
positive and negative values were nearly
mean lies was quite
that our estimate of where the actual

accurate.

the positive,
Since the negative values exceeded

it
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shows that the actual mean lies slightly beneath the assumed
mean, which was 25.5 (the midpoint of the interval 24-27).
If the positive fd values should exceed the negative
values,
it would indicate that the estimate was too low.
Table 3-11
Calculation of the Mean from Grouped Scores

Scores

in

Step Intervals

52-55
48-51
44-47
40-43
36-39
32-35
28-31

d

fd

1

7

7

0

6

0

5

5

f

1

2

4

8

5

3

15

5

2

10

9

1

9

24-27
20-23
16-19
12-15
8-11

13

0

0

8

-1

-8

7

-2

5

-3

-14
-15

2

4- 7

2

-4
-5

(54)

-8
i

S

1
(-55)

Sfd

N=60

X

=

AX +(

x

i) = 25. 5 +

X
AX

=

n i

x4j = 25. 5 = (-.02 x4) = 25. 5 -. 08 = 25. 42

Mean

= Assumed Mean
£ fd = Sum of frequency x deviation column
N = Number of scores
i = Size of step interval
c = Correction factor, or
hJ
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Step 5: The next step in determining the correction
factor to be applied to the assumed mean is to take into account
the number of scores (N) and the size of each step interval (i).
Dividing 60 (n) into the ^fd (-1), the result is -.02 (rounded

two two places). Multiply this by the size of the step
interval to complete the calculation of the correction. Since

off

it

is negative, subtract

mean

is

it

from

found to be 25. 42.

the

assumed mean;

Based on the evidence presented so

far, it is the conclusion of this

writer that mathematics beyond eighth grade arithmetic
successful completion of a course

The concept

education.

if

at all.

of the

the actual

*

in tests

is

not needed for

and measurements for physical

normal curve shape

is

presented experimentally,

With the wholesale use of portable pocket size calculators, any

student can

square numbers and find square roots.

If

calculators are not

available, a table of square roots is readily available.

This author hastens to point out that

many more mathematical

concepts,

such as computing area under the normal curve by Calculus, solving given
equations for dependent variables in the formula, and generalizing formulas
to fit

several cases, could be introduced into the course content.

the use of statistics as a tool to

important

to the physical

However,

compute results which can be analyzed

is

educator than the derivation of the formula used

more
to

obtain the results.

Measurements
^Barry L. Johnson and Jack K. Nelson, Practical
Evaluation in Physical Education, 2nd ed.
Publishing Co. , 1974), pp. 35-6.

,

fo_r

(Minneapolis, Minnesota: Burgess
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The survey

of institutions preparing physical education

an overwhelming positive opinion that a course

in

Tests and Measurements

requires mathematics above the eighth grade level.

are two reasons why this apparent contradiction as

and what textbooks use exists.

majors shows

To
to

this writer, there

what teachers believe

First, the physical education teachers are

not mathematicians and do not realize that rational numbers and their operations,

squaring and square root, and substitution into formulas are presently placed

below eighth grade

in the

mathematics curriculum.

Secondly, the majority

of the textbooks analyzed give only the basic statistics already outlined, yet

the majority of courses offered use the few textbooks that delve

into the topic.

were analyzed
but no

For

this reason, the

further.

As

is

more deeply

few textbooks that offer more statistics

shown below,

the formulas

become

lengthier,

new mathematical concepts are used.
The concepts

of the

measure

of central tendency and of the variability
to all the text-

of these

measures for grouped and ungrouped data are basic

books.

The textbooks are concerned with converting raw scores

to

standard

of one test with another
scores, normalizing scores, comparing measures

"t" statistic.
(correlation), and testing of hypotheses using the

Some textbooks delve
test for

more

further and consider an extension of the "t"

than two groups.

This

is

referred

Analysis of variance uses such formulas as:

to as

analysis of variance.
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d

£d 2
N
N

*

2

£

(

ri )

(N-l)

(N+l)
4

N

(N+l)

(2NH)

24

The analysis
conclusion that,

if

of the fourteen books in print brings this writer to the

Tests and Measurements

is the

only course designated

as using mathematics in the preparation of undergraduate physical education

majors, there
statement

is

is that

no need for a mathematics course.

The only exception

a remedial arithmetic course might be useful

to

to this

physical

education undergraduates.

The remainder

of this chapter deals with the

mathematics needed by

physical education undergraduates in the study of Kinesiology and of Physiology
of Exercise.

KINESIOLOGY
Four of the thirteen courses

listed on the questionnaire have a close

interrelationship in that they refer to the

Kinesiology, Physiology of Exercise,

The approach

to the study of the

human body.

These four are

Human Anatomy, and Biomechanics.

human body

Physiology of Exercise, and Kinesiology.

is different in

Human Anatomy,
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Human Anatomy
which bodies are

built.

means "a

cutting. "

Exercise

is

body.

is

primarily concerned with structure- -the way

in

Greek, "ana" means "apart" and the root "tome"

In

Thus, "anatomy"

is

"a cutting apart. "

concerned with function— the workings

Physiologists look at the

human body

as a

Physiology of

of the structure of the

complex machine.

M. Gladys

Scott states that "Kinesiology is the science which investigates and analyzes

human motion.
Biomechanics

mechanics

is

is the

area closest

to Kinesiology.

However, Bio-

a graduate level course as the following statement from

Kinesiology IV indicates

Programs

offering the opportunity to specialize in the

emerging subject matter area known as biomechanics have
begun to materialize at the graduate level in the United
increasing number of university physical
education departments are establishing within their faculty,
teaching posts which carry the responsibilities of
developing courses and programs in biomechanics as well as

States.

An

supervising graduate theses. One might be tempted to call
this notable trend a "Biomechanics Bloom," for it is real
and is beginning to demonstrate its influence quite broadly.
It is interesting to note that this development is almost
certain to carry with it the gradual establishment of introductory biomechanics courses at the undergraduate level,
a phenomenon which has shown itself to be operative in

many other

is

disciplines in the past.

Although this downward drift of subject matter content
to be expected, there is little likelihood of widespread

Gladys Scott, Analysis of Human Motion,
2nd ed. (New York: Appleton- Century- Crofts, 1963),

A

Textbook

p. 4.

in

Kinesiology,
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development of degree programs in biomechanics at the
undergraduate level in the immediate future. It would be
possible to cite a number of reasons to support such a
contention, but it is enough to say at this point that the twin
requisites of qualified faculty and costly facilities to support

such programs are simply beyond the resources
constituted departments of physical education.

of presently

1

Traditionally, physical education undergraduate majors
have been introduced to matters akin to biomechanics through
required kinesiology courses. The consent and scope of these

courses have and
So much so, that

do vary widely from school to school.
it is net uncommon to find entering graduate
students virtually bereft of experiences dealing with the
scientific foundations of motion study which would allow them
unfettered passage into graduate courses in biomechanics
without repeating the undergraduate kinesiology course or
courses at the new institution.
still

be expected that among the missing ingredients
of such kinesiology courses were matters primarily mechanical
and mathematical in nature.
It

He further

weak

in

is to

states,

"For a student whose background was noticeably

mathematics, a rather common occurrence within physical education

students, suitable courses leading to adequate working knowledge of such

areas as analytic geometry and calculus could be prescribed."
Thus, Kinesiology

is the

area of undergraduate physical education

primarily concerned with the scientific principles
that

2

mathematics has an opportunity

of

motion.

It is in

Kinesiology

to contribute to understanding.

Biomechanics Subject Matter in the
Undergraduate Curriculum," Kinesiology IV (Washington: Committee on
Kinesiology of the American Association of Health, Physical Education, and
1 David L. Kelley, "Supporting

,

Recreation, 1974), p.
2 Ibid.

,

p. 4.

1.
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Once again, Books

in Print

was consulted

to obtain titles of textbooks

The following ten were listed and obtained for

in Kinesiology.

the purpose of

this analysis:

Jerry N. Barham and Edna P. Wooten, Structural Kinesiology, (New
York: Macmillan Company, 1973).

Marion R. Broer, Efficiency of Human Movement, 3rd
W. B. Saunders Company, 1973).
John M. Cooper and Ruth B. Glc.ssow, Kinesiology

Mosby Company,

,

ed.

(St.

Philadelphia:

Louis: C. V.

1963).

Clayne R. Jensen and Gordon W. Schultz, Applied Kinesiology: The
Scientific Study of Human Performance, (New York: McGrawHill Book Company, 1970).
David L. Kelley, Kinesiology: Fundamentals of Motion Description,
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1971).
Alice L.

O’Connell and Elizabeth B. Gardner, Understanding the
Bases of Human Movement (Baltimore: Williams

Scientific

,

and Wilkins Co.

,

1972).

Rasch and Roger K. Burke, Kinesiology and Applied Anatomy
The Science of Human Movement 3rd ed. (Philadelphia:

Philip J.

:

.

Lea & Febiger,
M. Glady

1967).

Scott, Analysis of

2nd

ed.

Human

Motion:

A Textbook

in

Kinesiology,

(New York: Appleton-Century-Crofts, 1963).

Arthur Steindler, Kinesiology of the Human Body Under Normal and
Pathological Conditions, (Springfield, Illinois: Charles C.

Thomas,

1955).

The Scientific Basis of Human Motion,
5th ed. (Philadelphia: W. B. Saunders Company, 1971).

Katherine F. Wells, Kinesiology:
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The use
texts varies

of

mathematical concepts above eighth grade level

from almost none

to a

great deal.

these

For example, Jensen and

Schultz use only 3 formulas throughout the text.

mathematical concepts are ignored.

in

This

is not to indicate that

However, they are minimized and often

written so as to show the principle involved without involving mathematical
skills.

For example, they note the theoretical Square Law as follows:
Air and water resistance vary approximately with the
square of the velocity, meaning that if the velocity at which
a body travels is increased by two, the air or water resistance
against it will be increased by four; if velocity is increased
1
by four, the resistance will be increased by sixteen.

The concept of vectors and the resultant

of forces is explained thus:

When two or more

forces act upon a body, or two or
more forces act upon each other, the resulting movement is
determined by the direction and magnitude of the acting
forces. If two forces act in the same general direction, the
direction of the resulting force is somewhere between the
two, and the magnitude of the resulting force is more than
either, but not as much as the total, of the two contributing

The magnitude and direction of the resulting force
can be determined exactly by constructing a parallelogram

forces.

of forces.

Examples
resultant

at

of these laws applied to athletic activities are supplied.

movement

of two football opponents meeting head on versus meeting

an angle (not head on)

is

given as an example.

are vector diagrams constructed.

1

,

p. 221.

No numbers

No trigonometric

Jensen and Schultz, Applied Kinesiology,

^Ibid.

The

are used, nor

relations are used.

p. 227.
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At the other extreme, Kelley presents mathematical concepts
of the text.

These include motion path description on

Cartesian rectangular coordinates

A

)

x coordinate

much

line,

two dimensions, and three dimensional

in

Both position and displacement vectors are used.

plotting.

(

the

in

He uses delta

notation to develop instantaneous velocity and acceleration, distance

formulas, the Pythagorean Theorem, vector descriptions of velocity and

A sample

acceleration as well as forces.

of his

use of mathematical concepts

follows

When concurrent forces act upon an object at an angle
other than 90 deg. the determination of the net result is
more

The example given here, and illustrated
shows two forces acting at 80 deg from one
By applying a form of the law of cosines the

difficult.

in

Fig. 7-12,

another.

,

resultant force is calculable.

Since the two concurrent

forces are of equal magnitude, the resultant force would be
expected to act in a direction which bisected the angle
between
and F . Applying the law of sines to compute
2
the angle between F r and F-,
sin 0

L

=

sin 9

_ 30

.9848

45.96
=

.

6420

trigonometric functions table, a sine
function of . 6420 is seen to be very close to a 40 deg angle.
It follows that the angle also equals 40 deg.

Referring

to the

Muscular forces may be applied as concurrent forces,
and very often they are not directed perpendicular to each
other. *

1

Kelley, Kinesiology , p. 96.
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Mathematical concepts above the level

of eighth

grade arithmetic

including those cited above are found often in Kinesiology.

These concepts

and their applications are outlined in detail in Chapter V.

PHYSIOLOGY OF EXERCISE
Another area

in the preparation of

undergraduate physical education

majors which requires mathematical knowledge,
respondents to the questionnaire,

is

in the

opinion of the

Physiology of Exercise.

While the broad

area of Physiology deals with the function of living organisms or their parts,
Physiology of Exercise specializes
the function of the

in the effect of

human organism and

Karpovich states

its

exercise or activity upon

parts.

in his text:

One may ask: "What

use of this particular branch
Exercise?" Physiology of

is the

of physiology, the Physiology of

exercise constitutes the scientific basis of the evolving physical
education. At the present time, physical education is mostly
art and a little science. For this reason, even uneducated
men may and do contribute a great deal in this field. As far
as skills are concerned, one need not have an academic degree
in

or

order
in

to teach other people.

dancing

is

not required to

An instructor in golf, in tennis,
know the intricacies of blood

As far as boxing is
boxer
knows nothing
concerned, it is probably better if the
about physiology, because otherwise he would realize how

circulation or the functions of the liver.

irrational

it is

to indulge in the gentle art of brain concussion.

When, however, we consider physical education from
standpoint of

its effect

upon the development and growth of

children, or from the standpoint of the health of adults, the
picture radically changes. One of the aims of physical

the
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education is to assist in the normal growth and development

human organism and the maintenance of a needed
degree of physical fitness. For this, knowledge of physiology

of the

is essential. 1

deVries states:

2

Physiology of Exercise for Physical Education and
human functions under stress of
muscular activity. The text provides a basis for the study
of physical fitness and athletic training. Because this is a
basic text, the information contained within is directly
applicable to the needs oi many specialists. The text is
written primarily for the upper division undergraduate
student w ho has a background in basic anatomy and general
physiology. Physics, chemistry, or mathematics beyond
that of high school level are not necessary for comprehension.
In addition, these who aspire to be athletic coaches will find
within these pages the scientific basis for their profession.
Athletics is concerned with

M. Gladys

Scott states:

"To the medical expert as well as

and physical educator, physiology of exercise
effort

is

coach

to the

basic to understanding the

produced by the muscles, the onset or delay

of fatigue, principles of

building strength or endurance in the muscles, elasticity of the muscles,

normal tonus versus hypertension and
in

muscular function

relaxation, and

in relation to effective action

numerous other factors

and conservation of

O

energy.

1

Peter V. Karpovich, Physiology of Muscular Activity "Originally by
Edward C. Schneider, " 5th ed. (Philadelphia; W. B. Saunders Company,
,

1959), pp. 2-3.
2

Herbert A. deVries, Physiology of Exercise for Physical Education

and Athletics, (Dubuque, Iowa:
3

Scott, Analysis of

Wm.

Human

C.

Brown Company, Publishers,

Motion, p.

4.

1974).
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Finally,

Morehouse and Miller report: "The

exercise physiology

is

scientific study of

becoming increasingly important with

the realization

of the relation of exercise to health. nl

Physiology of Exercise

is often

a lecture-laboratory course.

this reason, the list of textbooks analyzed also contains laboratory

As

is the

manuals.

case for Tests and Measurements anu for Kiresiology, the

were obtained from

the 1974 edition of Ex>ks in Print.

For

titles

The same method

of

analysis as described earlier was followed in examining the following

Physiology of Exercise textbooks:

Herbert A. deVries, Laboratory Experiments in Physiology of
Exercise , (Dubuque, Iowa: Wm. C. Brown Company Publishers,
1971).

Herbert A. deVries, Physiology of Exercise for Physical Education and
Athletics , (Dubuque, Iowa:

Wm.

C.

Brown Company Publishers,

1974).

Harold B. Falls, ed. Exercise Physiology, (New York: Academic
Press, 1968).

Donald K. Mathews and Edward L. Fox, The Physiological Basis
Physical Education and Athletics (Philadelphia: W. B.

of

,

Saunders Company, 1971).

Donald K. Mathews, Ralph W. Stacy, and George N. Hoover,
Physiology of Muscular Activity and Exercise (New York:
Ronald Press Company, 1964).
,

Peter V. Karpovich and Wayne E. Sinning, Physiology of Muscular
Activity 7th ed. (Philadelphia: W. B. Saunders Company, 1971).

Laurence E. Morehouse and Augustus T. Miller, Jr., Physiology
Exercise, (St. Louis: The C. V. Mosby Company, 1971), vii.
1

of
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Laurence E. Morehouse and Augustus T. Miller, Jr., Physiology of
Exercise 6th ed. (St. Louis: C. V. Mosby Company, 1971).
Benjamin Ricci, Experiments in the Physiology of Human Performance
(Philadelphia: Lea & Febiger, 1970).

.

Benjamin Ricci, Physiological Basis of Human Performance,
(Philadelphia: Lea & Febiger, 1967).

Larry G. Shaver, Experiments in Physiology
Burgess Publishing Company, 1973).

of Exercise , (Minneapolis:

Wayne E.

Sinning, Experiments and Demonstrations in Exercise
Physiology, (Springfield, Massachusetts: Springfield College,
1972).

W. Zanner, Wendell N. Stainsley, and Harold M. Kaplan,
Laboratory Experiments in Exercise Physiology (Englewood
Cliffs, N.J.
Prentice- Hall, Inc., 1970).

Christian

,

:

Once again, an analysis

of the texts reveals a

need for the use

arithmetic operations in order to evaluate given formulas.

Review

of basic

of the

Kinesiology and Physiology of Exercise texts revealed that fewer formulas are

used in Physiology
is

of

Exercise than in Kinesiology.

Physiology of Exercise

mainly concerned with measuring contraction and expansion

fibers, circulatory

system flow, respiratory system capacity,

of

muscle

the nervous

system, and the endocrine system rather than with the physical principles

Formulas are primarily needed

involved in body motion.

and capacity or

to

measure

efficiency

convert measurements to standards of temperature,

pressure, and density.

Since there exists

ment, formulas are used
another.

to

to

more

than one system of measure

convert from units of one system to those in

For example, conversion from degrees Centigrade or Celsius

to
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degrees Farenheit and conversely requires the use of formulas.

The analysis

of Physiology of

of graphing and logarithms as the
in Kinesiology or Tests and

Exercise texts found the two concepts

major mathematical emphasis not

Measurements.

increasing curve"! but does not define

it

detailed

deVries mentions a "monotonic

or give any mathematical meaning

to it.

Four texts use a nomograph or romogram and ask the student
data from

it.

a straight line

mention

is

However,
is

made

to

simply a matter of reading various scales as

this is

drawn connecting two known points on the nomograph.
of the

read

mathematics needed

The mathematical emphasis
area of graphical analysis of data.

in

to construct a

semi-logarithmic graph paper.

nomograph.

Physiology of Exercise

The student must be able

data using the Cartesian coordinate system.

Some

No

is

strong in the

to plot

experimental

texts use logarithmic and

All require that the students be able to read

and interpret data from a given graph.

Logarithms

is

another mathematical concept used

of Exercise texts analyzed.

perform calculations,

in all the

There are three different uses

to define the

measure

of logarithms:

to

of acidity or alkalinity of a

plotting data.
solution (pH), and as abscissa or ordinate values in

these three uses are given in the outline found in Chapter V.

DeVries, Physiology

Physiology

of Exercise, p. 47.

Details of
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Up

to this point, this dissertation has

examined the need for

mathematics beyond eighth grade level for physical education undergraduates
by using a questionnaire and interviews

which use mathematics frequently.

to

determine the required courses

In addition,

textbooks in print for these

courses were analyzed to determine the specific mathematical concepts and
skills presented.

The next chapter develops a course outline with selected

applications to physical education.
of

mathematics contained

Since die re

is

a wide variance in the amount

in the various texts analyzed,

each mathematical

number

of texts in Kinesiology and

Physiology of Exercise that contain this concept.

Tests and Measurements

concept of the outline

texts

were found

to

is

followed by the

need only a basic review

of

mathematics below eighth

grade level and are not included in the outline.
It

is the belief of this

writer that a course developed using the outline

would:
1.

better prepare the student of physical education to understand the

principles of movement,
2.

further the use of mathematics to yet another discipline, and

3.

advance the science of physical education by offering the tools of

mathematics

to its practitioners.

CHAPTER
MATHEMATICS AND

ITS

V

APPLICATIONS TO

PHYSICAL EDUCATION

As mentioned previously,
mathematics and

mathematics

its

this

development of a course outline for

applications to physical education

is

concerned with the

above eighth grade arithmetic needed for the preparation

of

undergraduate physical education majors.

At the present time, mathematics education

of students in

grades K-8

gives training in the use of the system of measure called the metric system.

However, the changeover

is still in

progress

at

some

schools.

If

students

using this outline are not familiar with the use of the metric system, an
introductory unit on the metric system should be included with this outline.

The notation in parentheses following each concept denotes the number
of textbooks in Kinesiology and/or Physiology of Exercise that use that

concept.

For example, (K3, P4) means three

of the ten Kinesiology textbooks

and four of the twelve Physiology of Exercise textbooks analyzed make use
the concept.

Similarly, the notation (K3)

means

of

that three of the ten Kinesiology

of Exercise
textbooks analyzed use the concept whereas none of the Physiology

textbooks analyzed referred to the concept.

Applications to physical education
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are denoted as being kinesiological, physiological, or both.

The method of

categorizing mathematical concepts found through the analysis
in the

Chapter on Methods and Procedures.

the following outline.

is

described

This method was used to develop

Additional descriptive information and applications to

physical education follow this outline.

COURSE OUTLINE
I.

I I.

Algebra
A.

Solving literal equations

B.

Combining two given formulas

C.

Solving for one variable in a formula given values for

D.

Relating variables using the terminology of variation

E.

Using logarithms

to find a third

Geometry
A.

Measuring angles

in

degrees

B.

Measuring angles

in

radians

C.

Orientation of planes in three dimensions

D.

Intersection of planes in three dimensions

E.

Area

F.

The Pythagorean Theorem

of

geometric figures

all

others

Ill

IV.
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Trigonometry
A.

Sine of an angle

B.

Cosine of an angle

C.

Tangent of an angle

D.

Law

of Sines

and Law of Cosines

Analytic Geometry

A.

One abscissa, one ordinate, same values

B.

One abscissa, one ordinate,

C.

One abscissa, one ordinate, use

D.

One abscissa, one ordinate, no condenser used

E.

One abscissa, one ordinate, origin not

F.

One abscissa, two ordinates

G.

Two

V.

Calculus

VI.

Vectors

101 distances

different values for distances

of

condenser

abscissa, two ordinates

A.

Arrow

B.

Position versus displacement vectors

C.

Geometric addition

D.

Resultant vectors

E

Component vectors

designation

of vectors

at their intersection
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DESCRIPTIVE COURSE OUTLINE

I.

Algebra
A.

Solving literal equations (K6, P3)

Kinesiology deals with motion.

Therefore, equations relating

distance, velocity, acceleration, and time are prevelant.

Given the formula S =
constant, and

t

\ gt

2

where S = distance, g = gravitational

= time, find the formula for the time when the

distance is known.

In

Physiology of Exercise, principles concerning blood flow are

expressed by the formula

Pressure gradient
Resistance -

y^^g

0 f blood flow

Find the expression for the volume of blood flow given resistance

and pressure gradient.

Pressure gradient

Volume

B.

of blood flow =

Combining two given formulas
The formula

t

=

—

Resistance

to find

a third.

shows the relationship

(K6, P4)
of time, velocity,

g

and the gravitational constant.

2
S = \ gt relates distance, the

gravitational constant, and time.

By substituting

for

|

t

m

86
the second formula, S -

\

g (g)

2 -

X^ 2

a formula is derived

,

for the relationship of distance, velocity, and the
gravitational

constant.

Most
of

of the physiology texts refer to the bicycle

measuring work

load.

Basically,

it is

ergometer as a means

a stationary bicycle which is pedaled

by the subject as friction or weights are applied

to the

one revolving wheel.

Thus, the physiologist must combine the formula for work, (W = F x
D), with
the formula for the circumference of a circle, (D = 2

work accomplished on a bicycle ergometer, (W = F x
C.

-rrr),

to calculate the

27Tr).

Solving for one variable in a formula given values for
others.

(K8, P2)

Kinesiology uses the principles of levers
of the musculoskeletal

to the

if

all

system

to explain

of the body.

movement

Reference

is

made

law of moments which states that any lever will balance

the distance

from

the axis perpendicular to the line of

application of the force (FA) times the force (F) equals the

distance from the axis perpendicular to the line of application
of the resistance (RA) times the resistance (R).
this states that

F x FA = R x RA.

If

Algebraically

any three of these four

values are known, the remaining one can be calculated by the

formula.
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m2

the formulp m-^ v^ =

describing

to

represent the fact that when one object applies force against

another the
the

D.

momentum,

In

mass

mass

of object

of object two

one

(m-^)

(m 2 ) times

times

its

its

used

velocity (v^) equals

velocity (V2).

Relating variables using the terminology of variation.

Many

is

(K6, P5)

texts cite fundamental principles of physics such as:

1.

air resistance varies with the square of velocity.

2.

acceleration

3.

4.

is

inversely proportional to mass.

The energy cost of a muscle contraction varies with
the cube of the speed of contraction.

"When

the angular velocity at the point of rotation

remains constant, the velocity

moves

is

directly proportional

at

which a lever

to its length.

This

principle is based upon the system of levers, meaning
that when a body lever is lengthened by extending it,
or by adding an implement such as a ball bat or tennis
racket, velocity is increased, and distance of
and striking force are also increased.

Exercise physiologists refer

to Poiseuille's

Law

movement

to relate blood flow,

pressure gradient, and resistance.
laminar flow of a
deVries states that "drop in pressure during

homogeneous

caliber is directly
fluid through a rigid tube of constant

proportional to the length of the tube."

2

He further states

1

Jensen and Schultz, Applied Kinesiology,

2

deVries, Physiology of Exercise

,

p. 123.

p. 224.

that, ’’under the

88

same

conditions, the pressure drop is also inversely proportional
to the

reciprocal of the radius to the fourth power (1/R 4 and directly
proportional
)
to the

volume flow.
E.

nl

(Italics

mine)

Using Logarithms.

(P6)

Exercise physiologists use the mathematical concept

of

logarithms to describe the acid-base balance of the body, (pH), to graph
data, and to

The

perform computations.

pH

definition of

is the

gram atoms per

concentration in

negative logarithm of hydrogen ion
liter.

important that the student be able

to

In

discussing pH, not only

is it

use a table of logarithms correctly, but

also that he should be aware of the relationship between an increase (decrease)
in the

logarithm as related

to

an increase (decrease) in the number.

states, "Since this is a logarithmic scale, a very small change of

a considerable change
to at least one,

in acidity

or alkalinity, and therefore pH

and usually two, decimal places.

is

deVries

pH makes
usually given

"2

Mitchell expounds upon the mathematical theory as follows

The use of pH values
it is

1

x 10” 6

^^Ibid.

Ibid.

,

Although

6
obvious that 2 x 10“ represents twice the strength of

,

it is

not obvious to the beginner that 5. 7 and

the corresponding

2

is at first confusing.

p. 173.

pH

6. 0,

values, are so related that 5.7 represents
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twice the strength (true acidity) that

has to become accustomed

The

is

indicated by 6.0.

One

to thinking in negative logarithms.

effort involved, however, is not only helpful but practically

indispensable.

The reason for

measurement

of ion activity, the

this is

very simple.

In

any

observed value, whether

it

is

a color or an electrical potential, or any other value, varies
inversely with the log of (H
itself.

and

+
),

and not with the actual activity

This is due to the inherent nature of chemical reactions

is thus

unavoidable.

Sorensen ^1909) proposed

drop the negative sign and

to

express the apparent concentration of H ions merely by a
positive

number numerically equal

He used

the abbreviation

of the

+
(H

)

pH

to

number: pH = negative log (H

= 2 x 10" 6 becomes

pH

=

6
x 10~

is

signifies (H

0.

000002N.

negative logarithm.

stand for the power (logarithm)

5. 7.

the only one obtainable by actual
2

to the

+
).

In this notation, then,

The latter value would be

measurement.

found by algebraic computation.
+ =
lO ^* ?N;
)

By

the use of

10

pH

^ = 10^*

The value

Thus,

x 10

pH

= 5.7

= 2 x 10

-

values, as Sorensen pointed out,

is avoided.
the labor of algebraic computation of normalities

living matter,
Since every chemical or physiochemical change in

in

markedly
other words, every physiological activity, is
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1

+
influenced by any change in activity of hydrogen ions,
(H )

has to be taken into account

in the

majority of biological

investigations.

Three of the Physiology

of Exercise texts analyzed use logarithms of

data found when plotting graphs.

The following

is an

example from

Karpovich and Sinning:
Let

represent the body of weight and

W

the total

weight lifted in press, snatch, and clean and jerk.

It is

an

established fact that strength is proportionate to the cross

For

section of the muscle.
let

us assume that a

the sake of mathematical clarity,

man whose body

weight

is B^.,

has the
3

The side

shape of a cube.

and the cross section

is

proportionate to 2/3 log

(

of this cube is then equal to

fB^)

Bw<

If

,

or

B^

,

or log

~lf B^.,

W

is

the weight is plotted against

the body weight, a curve is obtained.

If,

however, the

corresponding logarithms are plotted, a straight line results.

1

Philip H. Mitchell,

A

Textbook of General Physiology

York: McGraw-Hill Book Company, 1956),
2

Peter V. Karpovich and
Activity

7th ed. (Philadelphia:

,

2

5th ed. (New

p. 323.

Wayne E. Sinning, Physiology of Muscular
W. B. Saunders Company, 1971), pp. 27-28.
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Ricci'*'

introduces the formula

A

in the

H 0 725 x

body surface area

to calculate the

measures.

= W°* 425 x

He includes two pages

Appendix as well as a table

*

in

0.

007184

square meters using height and weight

of instructions in the use of logarithms
of logarithms.

Although perhaps not of general interest, Karpovich and Sinning 2 offer
a discussion of a prediction formula for the relation of body weight to the

sum

of the weights lifted in press, snatch, and clean and jerk.

The

prediction formula was based on Olympic weight lifting records from previous

They state that the formula now needed

years.
log

^

where

W is

In light of the

total

weight and

is

log

W

= 1. 5123 +

.

6748

body weight.

rapid growth of calculator usage, this writer questions

the use of logarithms in this outline

However, their use

^

is

in

if

the only use is for computation.

understanding pH and

in

graphing makes them a worth-

while part of the course outline.
II.

Geometry
A. Measuring angles in degrees.

(K10, P3)

Kinesiologists and physiologists use angle measure to

determine:

^ Ricci,

2

Experiments

,

p. 25.

Karpovich and Sinning, Physiology of Muscular Activity

,

pp. 22-25
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the angle of pull defined as the angle between the

1.

muscle’s

line of pull

and the axis of the bone

to

be moved,
2.

the angle

made

with the horizontal when an object

is

projected,
3.

the angles of approach and rebound

when a moving

object meets a resistance greater than

its

own

momentum.
Only O'Connell and Gardner measure angles

Rasch and Burke

"From

state,

optimal angle of pull for any muscle
force of the muscle
is the

is

in

degrees and minutes.

the standpoint of force alone, the

90°, since at this angle the entire

is

acting to rotate the bony lever around

only case in which the force

arm

is

its axis.

This

equal to the perpendicular

distance. *
B.

Measuring angles

in radians.

(K6, PI)

Kinesiology texts define two types of motion, linear and
rotatory as synonyms for

angular.

Some use rotary or

angular.

In either case, the distance that the object

moves must be computed.
measured using

units of

Naturally, linear motion can be

measure for length

1 Rasch and Burke, Kinesiology and Applied

(feet,

miles,

Anatomy, pp. 137-138
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meters, etc.).

However, angular motion (where each

particle of a rigid body

moves

measurement

arc) requires

in

a circle or a circular

of the arc of the circle cut by the

angle through which the particles move.

theorem that the length
central angle yields a

Using the geometric

of an arc is equal in

measurement

distance that the particle moves.

in

degrees

degrees for the

Since

it

is

cumbersome

mathematically to compare linear motion measured
(or the like) to angular
unit of angle

measure

motion measured

is

used

to

in

the radian.

in feet

degrees, another

show the relationship between

linear motion distance and angular motion distance.
is

to its

This unit

The radian measure allows comparison

of

angular velocity and linear velocity as Berham and Wooten
illustrate:

From

©

the definition of a radian,

it is

known

that the

between any two points on the circumference
of a circle is given by d, the length of arc between the two
points, divided by the radius r. In words, angle in radians =
arc length/radius, or in algebraic symbols 0 = d/r. By
substituting r © for d in the linear velocity formula v = d/t,
we obtain v = re/t = r(®/t). Since w = ©/t, we can replace
angle

in radians

Therefore, we see that the
linear velocity of the object at the end of a lever is the product
1
of the angular velocity and the length of the lever.

©/t by

W

to obtain v = r u>

.

The importance of the concept

of angular

motion and, thus, of

radian measure of angles to the kinesiologist can be summarized
with the statement by Scott:

1

Jerry N. Barham and Edna P. Wooten, Structural Kinesiology (New York

Macmillan Company, 1973),

p. 97.
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The various segments of the body are attached to each
other, and all movements of these segments are rotations
around the articulating point in exactly the same sense that
the pendulum rotates about its point of support. Thus, it can
be seen that the movements of flexion, extension, abduction,
or adduction in any joint are rotatory motions around the
axis of the joint.

addition to rotation of the segments, we may experience
rotation around either of the two axes of the total body. If
In

movement occurs around

the longitudinal axis, there is a
spinning or twisting of the body. It occurs around a transverse
axis in diving and in some tumbling stunts. In the twist dives
there is movement around both axes. 1

C.

Orientation of planes in three dimensions.

Basic mechanics tends
single points.

as a whole

necessary

to deal

(K7)

with objects considered as

However, kinesiologists deal with an object

— particularly the human body.
to

Thus,

it

becomes

develop an orientation system to describe the

position of the body in space.

The geometric concept of per-

pendicular planes intersecting at a
standardize such an orientation.

common

point is applied to

Kelley summarizes this

orientation as follows:

For most objects, the space occupied by and around
usually divided into space octants by the three
coordinate planes. The point of reference, O, is commonly
placed at the object's center, with the coordinate planes receiving

them

is

names which have descriptive value with respect to the object
under study. In the case of the human body, these planes have

1

M. Gladys

Scott, Analysis of

Human Motion 2nd

Appleton- Century- Crofts, 1963), pp. 126-128.

ed. (New York:
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been given various names which are both spatially and
anatomically referenced. For examole, ... the XZ plane
is often called the horizontal

or transverse plane obviously
a spatially referenced term. When the space under study is
visualized as a sphere, this plane is often referred to as the
equatorial plane . The XY plane, since it often illustrates the
front surface of an object, is called the frontal plane. When
anatomically referenced, the term coronal plane is used to
denote that it is parallel to the coronal suture of the skull. The
other vertical plane, the YZ plane, is commonly given the

name
When

profile plane because

applied to the

it

,

depicts the side view of an object.
this plane is referred to as

human body,

the sagittal plane because

it ic

parellel to the sagittal suture

of the skull. 1

D.

Inteisection of planes in three dimensions.

The geometric fact
is

that the intersection of two planes

a straight line allows kinesiologists

frontal, vertical, and sagittal.

direction of motion.

to define

axes named

These axes assist

The following sketch shows

axes mentioned in C and

1

(K7)

in

determining

the planes and

D Above.

David L. Kelley, Kinesiology: Fundamentals of Motion Description
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1971), p. 21.
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E.

Area

of

geometric figures.

A
another

change
is

time,

t,

in position of an object

called

displacement

is

(Kl, PI)

displacement,

its

a function of the

d.

from one place
The measure

to

of its

object’s velocity, v, and the

taken to change the position.

Algebraically, d = v x

t.

Kinesiologists use the Cartesian coordinate system to plot the
relationship of velocity to time.

Once

the plotted

points are

connected the area of the region under the velocity line
displacement.

The region under the velocity

triangular, rectangular, or trapezoidal.

iollowing situations:

All velocity plots over time are the
same, indicating a constant velocity.

The vertical axis value (velocity)
multiplied by the horizontal axis
value (time) results in the displacement (d = vt), since the area
of a rectangle is obtained by

calculating the product of

and base. 1

*Ibid.

,

p. 29.

its

height

line

is the

may be

Kelley shows the
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The traingular area under

the

uniformly varying velocity line
again represents the displacement, which is obtained by
computing the product of onehalf its height (velocity) and
its base (time). 1

Displacement is represented
by the trapezoidal area under
2
the velocity line .

^Ibid.

,

p. 30.

Ibid.

,

p. 31.
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Kelley farther shows that, regardless of the shape of the plotted
velocity curve, displacement can be represented as area under the velocity

curve.

He does

this

under the curve.

To

by approximation

of the

the mathematician, this is approaching the concepts of

Calculus to determine area under a curve.
to the point of the limit

F.

area using several rectangles

However, Kelley does not continue

or Calculus.

The Pythagorean Theorem (K5, P3)
References

to the

use of this theorem are made

in

Kinesiology and Physiology of Exercise when vectors are
discussed.
of

it.

However, exercise physiologists make other uses

Broer uses

it

compare a

to

flight of stairs

inclined plane to show that, "In general,

it

and an

requires

more

effort to climb a given height on stairs than on an incline.

Karpovich cites some
fact that "the square of the

stroke is equal to the

sum

of his

research that uses the

maximum speed
of the

of the whole crawl

squares of the

maximum

speeds developed with arms and legs separately.

Broer, Efficiency of Human Movement

,

1,1

p.

"

o

159.

^Karpovich and Sinning. Physiology of Mus cular Activity,

p. 133.
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Broer mentions
following example,

the research of Karpovich and uses the

"If

a

swimmer were

with the arms alone and 4

ft.

able to

swim

at 5

ft.

/sec.

/sec. with the legs alone, the total

speed which would result when swimming with both would be the
square root of 41

sum

III.

(5

2 + 2
4 )

which

6.40 -

is

much

less than the

of 5 + 4 (9).

Trigonometry

As

is

noted in Section VI, the trigonometric functions of sine, cosine,

and tangent of an angle are used

in the resolution of vectors.

However, there

are other uses of these functions which are noted here.
A.

Sine of an angle (K5, P2)

Much
some

of physical education deals with the

movement

of

type of missle (ball, shot, discus, or the body) through

space whether struck, thrown, or released through some

mechanism such

as a gun or bow.

This type of

classified under the title of projectiles.

movement

is

Physical educators are

concerned with the distance a projectile travels, the height
it

attains, the time

it

consumes

in its flight,

values obtained for these variables.

Broer, E fficiency of Human Movement

,

and the optimum

This gives rise to such

formulas as:

1

that

p. 346.
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R

_ v2

sin

20

g

Ht . =

(

v

sm ji

£

>

2g

T_

2v sin

Q

g

From

the formula above for the distance or range (R) and

the knowledge of the increasing values of the sine of an angle as
the angle nears 90 degrees, the student can be lead to discover
that the

optimum angle

of projection

for the greatest distance

will be an angle of 45 degrees.

Broer states

that:

body moving through the water in a diagonal position
causes greater resistance than one which is horizontal
the
because it presents a greater surface area against which

A

The larger the surface area, the greater the
the water.
resistance to the movement by the body through
be such
Therefore, the body position in swimming should

water acts.

presented to the water in
that the smallest area possible is
Keeping the body planed
the direction of desired movement.
resistance to forward
on the surface of the water reduces
water is
progress since the surface presented to the
the body from front
only the distance of the thickness of
area
the hips and legs drop a very large
size of the resistive
resists forward progress. ... the
the sine of the angle that the feet

to back.

When

surface varies with
drop.

p. 337
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B. Cosine of an angle

(K5)

The text written by Steindler
of the Kinesiology texts analyzed.

He

one of the most mathematical

is

states:

Let us consider, for example, the gluteus medius.
inserted into the greater trochanter at an angle
say, 30°.
its

Its full

The rest

as stabilizers

assume

(S)

that the

the frontal plane.

this

fibers and the frontal plane is zero.

would then be expressed by F
its

cosine

is the full

is 1;

*

,

abducting force

rotatory component F x sin 30.

^

being 0,

(

p2

)

The anterior fibers,

with the frontal plane.

of the anterior fibers

which means the greater the angle

&

abductory power.

Should this angle

P0

F

if

is,

sin d.

the less

z

2
its

P

P

therefore the abducting strength of this muscle

Hence, the abducting power

P

x cos

strictly in

between these

(fi^)

Its full

sin 30

on the other hand, form an angle

cos

Let us further

muscle are

Consequently the angle

only

is

of its force acts

(F times the cosine of 30).

middle fibers of

us

of, let

rotary component, therefore,

force (F) times the sine of 30.

is

It

reach 90°, that

is,

should the anterior fibers run straight forward, then the
cosine

P

would be zero.

would be zero,
position.

i.e.

,

Consequently F sin

<k

no abductory power would be

cos

P

2

left in this
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Let us next consider what happens

The anterior fibers rotate
of the

muscle rotate

it

in the

transverse plane.

the hip forward, the posterior fibers

backward.

Again, expressed

mathematically the middle fibers form with the transverse plane
an angle of 90°; with the cos of 90 being zero, they consequently

have no rotatory

effect.

Let us assume the anteriormost fibers

run straight forward which

is of

course an entirely theoretical

proposition, then the angle with the transverse plane would be

zero, the cos of zero being

component (F sin

C.

Tangent

*4

)

1;

consequently

rotatory

all of their

would rotate the femur forward.

1

of an angle (K4)

Kinesiologists determine the coefficient of friction between two
objects by placing one object on the other and slowly tilting the second until
the first begins to slide
of the

downward.

The tangent of the angle that

second object makes with the horizontal when the

the surface

first object begins to

slide is the coefficient of friction.

Broer uses the tangent

of an angle to

show

the effect of a

deviation of one degree in the path of a bowling ball down the standard distance

from

the foul line to the head pin at 60 feet.

^Steindler, Kinesiology of the

p

Human Body Under Normal and

Conditions , pp. 116-117.
2

Broer, Efficiency of

Human Movement,

p. 310.

Pathological
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1°

tan

=

X
60

— —""

X

0.01746

60

Law

of Sines

and Law of Cosines

These are treated
with the use of vectors.
It

f

= 1.05'

x

D.

was found

xj

-

in

(K2)

two Kinesiology textbooks

This is described

in

in connection

Section VI.

that six of the twenty two texts had a table of the

trigonometric functions in the Appendix.

The O'Connell and Gardner text

the only one with the tables carried out to minutes.

is

In addition, this text

uses the terminology of arcsine, arccosine, and arctangent.

IV.

Analytic Geometry
Analytic geometry is the blending of algebra with geometry.

blending

is

accomplished by means

of graphing.

Exercise texts make extensive use of graphs.

asked
in

to plot points

and label axes

in the

This

All of the Physiology of

In addition, students are

majority of laboratory experiments

Physiology of Exercise laboratory manuals.

With the exception

the Kinesiology texts do nothing with the concept of

of Kelley,

drawing graphs and have

fewer than a dozen graphs as illustrations.
Kelley's text has three main divisions:

"Position and Motion in rime

and "The Anatomy of
and Space," "The Motivation and Control of Motion,"
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Motion.

The

"

first division deals with reference points in

by which motion can be observed and measured.

time and space

The text emphasizes use

of the Cartesian coordinate system to establish the reference points.

Position and motion are demonstrated in one, two, and three dimensions.

He

gives one example in which the directional characteristics of position are

established using the angles theta and phi.

As stated above,

1

plotting of points and connecting

them on a graph

is

confined to Physiology of Exercise laboratory experiments using data
collected in the experiment.

Performance

is the

Human

Ricci’s Experiments in the Physiology of

only text analyzed that gave the student any instructions

concerning graph construction. 2 He details the positive and negative directions
of the abscissa and ordinate, points out that abscissa and ordinate distances

may

be different values, discusses and pictures the use of a condenser

to

indicate unequal divisions along an axis, and mentions that various symbols

may

be used to graph several trials or several individuals on the same graph.
In

some instances graphs are

by another researcher.
of a line or curve, the

elliptical, etc.),

compared with graphs obtained

However, no mathematical concepts such as

name

the slope

of the type of curve (parabolic, hyperbolic,

or the determination

^Kelley, Kinesiology
2

plotted and

,

of an equation to fit the

curve

is

used.

p. 20.

Ricci, Experiments in the Physiology of

Human Performance,

pp. 8-10.
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Reading and interpreting data from graphs pictured

There

complicated.

from various graphs

some
aim

of the

is little

in the

same

graph construction

text.

may

of this outline to reflect that

manner

in

From

the viewpoint of a mathematician,

seem

in

not

which exists.

will cause an exponential curve to

good form.

become a

of logarithmic coordinates

straight line.

is

This is done

in

properly labeled.

of graphs and their applications

which follow do not show

the labeling of the coordinate axes that is

the resultant curves since

it is

important to this outline.

The following examples

presenting data graphically by the Physiology
A.

is the

it

The major confusion occurs

The use

four of the Physiology of Exercise texts and

in

However,

The curve that results depends upon

which the axes are labeled.

The examples

more

consistency from one text to another, or even

with the labeling of the coordinate axes.
the

in the texts is

illustrate techniques

of

used

Exercise texts analyzed.

One abscissa, one ordinate, same values for distances.
curves.^
deVries uses this type for showing oxygen dissociation

Each division on both axes represents

ten units.

The ordinate represents

abscissa represents
percentage saturation of the blood with oxygen; the
partial pressure of oxygen.

The perpendicular intersection

represents zero.

1

deVries, Physiology of Exercise, p. 175.

of the

two axes
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100.
90..
80-.

70-60..
50..

40

.

30..

20 ..
10 ..

10 20 30 40 50 60 70 80 90 100 110 120 130

B.

One abscissa, one ordinate,

different values for distances

The ordinate represents velocity
represents force in pounds.^

-

^Tbid.

,

p. 48.

per second while the abscissa

Note that divisions along the ordinate are wider

spaced than along the abscissa.
perpendicular axes.

in feet

Zero

is still at the intersection of the

two
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One abscissa, one ordinate, use

C.

of

condenser

60..

50..

40..

3d.
20

.

(5

^—

V sb

Here again,

6b

7b

sb

9‘o

ifio

llo

iko

i$o

i4o

the divisions along the ordinate (effective force in pounds)

are wider spaced than on the abscissa (elbow angle in degrees). 1 Note the / /
to indicate that distance

D.

from zero

is not in proportion to other distances.

One abscissa, one ordinate, no condenser used

Abscissa represents length and ordinate represents tension.
condenser
70 to 85.

is

used from 0

to 70 although that length is

2

"^Rasch and Burke, Kinesiology , p. 142.
2

deVries, Physiology of Exercise,

p. 47.

No

one half that from
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One abscissa, one ordinate, origin not

E.

at intersection

0

20 >

-

40..

60..

-*

Abscissa

is

1

»

1

30

0

120

90

60

time and ordinate

mmoles glucose

is

Note the location of the zeros.

weight.

150

units x kg~^

wet

1

5.0.
4.0...
7.0
6.0

..

.

.

3.0
2.

..

0^
10

1

13

12

Abscissa

is

k

>

16

18

—

i

20

km/hour and ordinate

is

oxygen intake in liters/minute.
2

Note that there are neither zero points nor condensers.

1

2

Ibid.

,

p. 27.

Karpovich and Sinning, Physiology of Muscular Activity

,

p. 109.
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1514-7. 0..

13--

6 . 0 ,.

12

--

11

*

5. 0..

4. 0..

10

-

3. 0..

9

t

.t

2.0

.5

3.0

—

»

3.5

%—

4.0

-

8

0

t

1

*

k

5

10

15

20

—

»

25

*-

30

The two examples above from Karpovich and Sinning show another
treatment of the intersection of the two coordinate axes.
positions for 2. 0 on the graph at the

same

1

left-

Note the two

and the ordinate value of

point as the abscissa value of 0 in the graph at the right.

*Ibid.

,

p. 123.

,

p. 130.

2
Ibid.

2

8 at the

110

F.

One

abscissa, two ordinates

3.06..

.1147

3.02..

,1047

2.98..

..955

2.94..

v

871
794

2.90:.

L

-

132

123

The abscissa

is

148

body weight

4-

165

181

in pounds.

The

198

left ordinate

represents

the logarithm of the pounds of weight lifted while the right ordinate is the

weight lifted in pounds.

1

Ibid.

,

p. 24.

Note that there are no zero points nor condensers.

1

Ill

144..
138..
132..

230

126..

220
210
200
190
180
170
160
150
140
130
120
110

120..
114..

108..
102..
96..
90..
84..
78..

7^.
66..

6Q.
54j__,

»

>

1

»

5

10

15

20

1

25

The abscissa represents minutes.
scales.
rate.

The left-most scale

Note the zero point.
G.

Two

1

35

1

40

H

1

1

45

50

55

60

The ordinate has two parallel

blood pressure while the inner scale

is

pulse

*

abscissas, two ordinates

In the

fat.

is

1

30

graph that follows, the upper horizontal scale

The lower horizontal scale

is

per cent carbohydrate.

The

is

per cent

left vertical

scale represents respiratory quotient while the right vertical scale represents
calories per liter of oxygen.

^Tbid.

,

p. 203.

112

100

The diagnoal

,

p. 82.

40

60

line is the graph.

1
Ibid.

80

1

20

0
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In

summary, there are many ways

the illustrations above are taken mainly

similar variations.

graphs

may

not

meet

It

is

to

construct graphs.

from two

texts, the others use

important to note that the form of some of these

the test of being "proper" mathematics.

correct to teach students "proper" mathematics.
to

be used to assist physical education students

courses
as they

V.

in their discipline,

now

Although

it

is

However,

in better

if

It

would seem

this outline is

understanding

necessary to prepare them for the applications

exist.

Calculus
This branch of mathematics deals with derivatives and integrals of

mathematical functions.

None

made use

of the texts analyzed

of

such skills.

Kelley approaches these topics by means of discussion of the limit of functions

when describing linear and circular motion
and accleration.

in

terms

of instantaneous velocity

He uses such concepts as:

Instantaneous Linear Velocity (V) = lim
t-4

Instantaneous Angular Acceleration

(«()

0

= lim
t-»0

However, he does not mention

the derivative.

ad
&t
*u
^t
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VI.

Vectors
A.

Arrow designation
Most

(K6, PI)

make a statement similar

texts

and Burke, "A vector quantity

whose length indicates

its

and whose head indicates
B.

may

to the following

from Rasch

be expressed graphically by an arrow

magnitude according
its direction.

some crnvenient

to

scale,

nl

Position versus displacement vectors

(Kl)

Only Kelley makes the distinction between vectors used

to

indicate the position of the object relative to the origin of the scale being
used
to represent the

motion between two positions assumed by an object.

He also

refers to the concept in circular motion that a displacement vector can be

described by the "difference between the angular deviations of the position
vectors from the positive x axis. " 2
C.

Geometric addition

of vectors

(K4)

Kelley has a section with illustrated diagrams
of two or

more vectors

arrow head

show addition

graphically by placing the tail of one vector at the

of the other.

This is the only text that also describes vector

subtraction as well as the fact that vector addition
associative.

to

is

Addition of vectors in Rasch and Burke

commutative and
is cited

^Rasch and Burke, Kinesiology and Applied Anatomy
o

Kelley, Kinesiology , p. 16.

,

as a

p.

means

116.

of
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determining the landing point on the opposite
shore of a swimmer who
proceeding across a river at right angles

to the starting

is

shore but who

is

affected by the current of the river.

D.

Resultant vectors (K6, PI)

Although the above section
the vector quantity which results

quantities upon an object,

the parallelogram law.

vector quantity.

it is

This

be used as a means of determining

the application cf two distinct vector

more common

is

As mentioned

from

may

to

describe this resultant using

used especially when considering force as a
earlier, Jensen and Schultz only refer to the

fact that a parallelogram of forces can be constructed but do not
illustrate

such a construction.

Rasch and Burke note

that computation of the resultant

direction of the force exerted by two muscles with a

common

insertion but

with different angles of pull contracting simultaneously would use the

parallelogram law.

and reacts according

Broer notes that a

ball with spin bounces on the floor

to the resultant of the

rebound force and the spin force.

Wells states:

One should remember that all projected objects,
such as balls and arrows, are being acted upon by the
force of gravity as well as by the force imparted by the
person responsible for projecting them. If one wished
to calculate the resultant force acting upon the object,
he could do so by the method of constructing a
parallelogram of forces, one side of which would
represent the force of the impetus and the other side
the force of gravity. *

*Wells, Kinesiology , p. 128.

E.
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Component vectors

As might be expected,
combined

the fact that two

one resultant vector leads into the concept
that one vector can

into

be decomposed into two component vectors.
functions of the angle

As mentioned

or more vectors can be

made between

This involves the

the vector and its

earlier, Kelley uses both the

Law

trigonometric

component vectors.

of Sines and the

Law

of

Cosines for these calculations.

Rasch and Burke give

the following example:

The kinesiologist is often interested in the resolution of
muscle forces. For example, suppose that a muscle is pulling
with a force of 100 lbs. at an angle of 50° to the long axis of the
bone on which it inserts. In Figure 7-6, OM is the vector

Fig. 7-6

—

Resolution of a vector representing muscular force.
the center of the joint, around which bone XA turns.

X

is

OM

a vector representing a muscle pulling with a force of 100
lbs. at an angle of 50° to the bone. OR is the rotary

component; OS

is the stabilizing

component.

is
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representing the pull of the muscle on bone XO. This force OM
can be analyzed into two components, OR and OS. OR is the rotary
component, acting at right angles to the bone and representing the
force which tends to turn the bone around the fulcrum X. OS is the
stabilizing component, acting along the long axis of the bone and
tending to pull it tightly into the socket at X. The point R is located
by erecting a line from O perpendicular to XO, and by then drawing
a line parallel to XO from
and R. The point S is located by
dropping a line from
perpendicular to XO and parallel to OR.
Knowing the magnitude of OM to be 100 lbs. and the angle MOS to
be 50°, the magnitude of OR and OS can be computed as follows:

M

M

OR

OM x sin 50°
= 100 x 0.766
= 76. 6 lbs.
=

OS =

OM x

sin 40°

OR

or

=76.6

lbs.

OM x cos 50°
= 100 x 0.643
= 64.3 lbs. 1

OS =

or

= 100 x 0.643
= 64.3 lbs.

Broer summarizes

OM x cos 40°
= 100 x 0.766

=

the use of vectors with the statement that,

"An

understanding of the horizontal and vertical components of a diagonal force

and the relationship of these
is

to various

purposes

is

important whether one

determining the length of a rope for pulling; the angle of the body for
O

walking, running,

jumping; the angle of any throw or strike.

The foregoing outline
education undergraduates.

is

It is

designed for a course specifically for physical
derived from an analysis of the presently

available textbooks used in the courses required of most physical education

undergraduates.

In the

opinion of persons in the profession, these required

^Rasch and Burke, Kinesiology and Applied Anatomy pp. 119-20.
2

Broer, Efficiency of Human Movement,

p. 91.
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courses make use of mathematical concepts.

Undergraduate education

primarily concerned with the basic concepts and foundations
study.

Research and development of new concepts

attempted before graduate education.

undergraduate

in

This outline

of a field of

in the field

is

is

are rarely

intended to assist the

the uses of mathematics both as a tool and as a basis for

understanding scientific principles applied

to

physical education.

This

outline is not intended to prepare the graduate student to perform research
in physical education.

It is

not designed to correlate with any specific

textbook in Kinesiology or Physiology of Exercise, but, rather to reflect
the

in

mathematics and

the field.

followed in

its

Maximum
its entirety.

applications found in the textbooks presently extant
benefit will accrue to the student

To

when

the outline is

set priorities of the concepts outlined or to

emphasize only certain concepts

will lessen the potential of the student to

relate mathematics to the scientific study of physical education.

CHAPTER

VI

SUMMARY AND RECOMMENDATIONS
The purpose

of this study is to

determine whether mathematical

concepts beyond those normally met by
students

in the first eight

arithmetic will aid the undergraduate student
majoring

in

physical education to

understand better and to apply laws and
principles encountered
of physical education.

The study

grades of

in the

science

identifies the areas of physical education

courses that use mathematics frequently and the
mathematical concepts used
in these areas.

In addition, the study

categorizes the mathematical concepts

found in use as to where these concepts are presented

curriculum.

in the

mathematics

Finally, applications of these concepts to physical education
are

shown.

A

review of the literature includes a search

of both physical education and

dissertations.

Little has

and physical education.

of the professional journals

mathematics education and a search

been done previously

in correlating

of graduate

mathematics

No material was found which presents a course or

a

course outline offering mathematical concepts and their applications specifically
for physical education undergraduates.

A

questionnaire was composed and sent to 388 chairpersons of physical
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education departments in 245 colleges and universities
that graduated at least
50 physical education majors and/or awarded physical
education degrees to
at least 10

per cent of the graduating class

conducted through an analysis of textbooks

in

1971.

Further research was

in print for

courses required of

physical education majors.

Based on a review of the literature, opinions

from 194

institutions

oi the 263 respondents

which returned completed questionnaires, and personal

interviews, Tests and Measurements, Kinesiology, and Physiology of Exercise

were determined
concepts.

A

to

be the courses

in physical education that

use mathematical

comprehensive analysis of the textbooks for these three courses

revealed that Tests and Measurements requires only a knowledge of arithmetic

whereas Kinesiology and Physiology

of Exercise require further

mathematical

insight.

The responses

to the

questionnaire clearly show that no mathematics

course designed specifically for physical education majors exists.

In fact,

less than one half of the responding institutions require physical education

majors

to

complete any mathematics course.

mathematics
in the

is

required, the student

In institutions

may choose from

where some

several different courses

mathematics department.
In

summary,

the first phase of this study shows a discrepancy between

the opinions of the questionnaire respondents as to the need for mathematics in

preparing phsycial education undergraduates and the fact reported on the
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questionnaire that physical education undergraduates
are not required to

complete a specific, or even a general, mathematics course.
of the content of courses required of physical education

An examination

majors was made

to

determine whether these opinions are not justified or whether the curriculum
offerings are deficient in not offering mathematics.

The second phase

of this study

shows

that the textbooks in the areas

suggested by the respondents use mathematical concepts above eighth grade
level to develop a better understanding of the concepts and applications of

physical education.

These mathematical concepts are spread over several

branches of mathematics (Algebra, Geometry, Trigonometry, Analytic

Geometry, Calculus, and Vectors).

This shows that no one course presently

offered in the mathematics curriculum covers

all of the

concepts mentioned.

The results of the research indicate that the opinions of the respondents
are justified.

There are mathematical concepts above eighth grade level used

to develop the scientific study of physical education.

is

At the same time, there

not a specific course available that offers these concepts to physical

education majors.

mathematics.

The concepts are spread throughout several branches

No one course

to offer these specific

education.

in the

of

mathematics curriculum has been designed

mathematical concepts and their applications

to physical

This study develops and presents a course outline which offers the

mathematical concepts above eighth grade arithmetic and the applications
physical education as found in the subject areas studied by the majority of
physical education undergraduates.

to
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The present study leaves questions

Who

research.

this outline?

it

should be required

to

to

be answered by further

complete a course developed from

The varied backgrounds

of entering college students

makes

necessary that a pre-test based on the course content be developed and

administered

to physical

education majors.

of the concepts through the pre-test

Who

Students showing lack of mastery

would be required

should teach such a course?

It

to relate to physical education applications.

educator

may

On

be difficult for a mathematician

the other hand, a physical

comments made by

knowledgeable

may

in

both disciplines.

The lack

of

the respondents to the questionnaire

in this dissertation indicates that there are few,

course

complete the course.

not have sufficient mathematical background.

existing research and

used

may

to

if

any, persons

The interdisciplinary relationship

of this

best be served by a team teaching approach with a mathematician

and a physical educator sharing the teaching.

What
course from

logistical considerations should be

this outline?

These considerations include

course and the amount of academic credit

Teaching such a course
course
to

may

master

to

examined

to

in

developing a

the length of

such a

be granted for the course.

undergraduate physical education majors as a

trial

be necessary to accurately determine the amount of time needed

the

mathematical concepts.

The course may be offered as a

remedial, non-credit course or as a required part of the undergraduate preparation of physical educators with appropriate semester hour credit.

W hdt

will be the effect on the present

courses

In

Kinesiology and

Physiology of Exercise when mastery of such a course as developed from
outline is accomplished by students?

teachers

oi

Kinesiology and

this

This researcher found that several

Physiology of Exercise found

teach some mathematical concepts during the course.

it

necessary

Mastery

of a

to

course

developed from this outline may eliminate this practice and may allow the
teacher to present more Kinesiology or Physiology
delve

more deeply

Investigation

may

of

Exercise content or

to

into pertinent topics in the field of physical education.

reveal a greater depth of understanding of the physical

education content by students who have mastered the mathematical concepts
than by those students

who have

Arc there areas

in

not.

the undergraduate preparation of physical education

majors where mathematical concepts not presently introduced could be offered
which would contribute
physical education?

to the better

understanding of the scientific study of

Care should be taken

to

insure that the mathematics

introduced as a means to an end and not as an end
duction of the computation by means
probability distribution curve

may

of

itself.

is

For example, intro-

Calculus of the area under the normal

not enhance the understanding of the use

a table of such areas when converting scores.

However, the mathematical

concept of the slope of a curve may be helplul when a comparison
various graphs in Physiology of Exercise.

ot

is

made

ot
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This dissertation dealt with the contribution of mathematics
study of physical education at the undergraduate level.

A

to the

similar study could

be conducted concerning the interdependence of mathematics and physical
education at the graduate level.

APPENDICES

APPENDIX A

COVER LETTER AND QUESTIONNAIRE

A
’

M Mil

>
1
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M'UIM.I

II

I

I),

MASSACHUSETTS

September 27

,

1974

De a r

Aa a member of the mathematics department of Springfield
College, I am Interested in the interrelationship of mathematics and undergraduate physical education.
Students feel that
mathematical inadaquecy is a detriment to grasping concepts in
S' me physical education courses.
Faculty members experience
frustration because students are weak in needed mathematical
abilities.
Physical educators are increasingly stressing the
growth of physical education as a science. However, there is
very little research as to what or how much mathematics is
needed to aid undergraduates in this scientific study.
-

The first problem is to identify the areas of physical education undergraduate preparation where mathematics plays a
part.
Secondly, an analysis of texts used in such courses will
identify the mathematical knowledge needed by the student. Once
identified, these mathematical needs can be melded into a soecific course especially for physical education majors. Specifically, if a physical education student uses the trigonometric
method of resolving forces into components then that and other
related topics would be included. He should not be required to
complete an entire trigonometry course which includes identities
and the logarithmic solution of oblique triangles.

Your reply to the enclosed questionnaire will aid in developing a course combining algebra, geometry, trigonometry, and rate
of change with specific applications to physical education.
This, in a nutshell, is the basis of my doctoral dissertation.
Will you please take ten minutes of your time to complete and return it by October 157
Thank you,

Stanley Brown
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SPRING FI ELI) COLLEGE

H'lUNCKIHl).

M ASS A ('.1111 s K1

Box 1693
January 30

,

1

?*

Ollov

1975

Dear Sirs
As an Assistant Professor of Mathematics at Springfield
College, I am concerned with the type and applications of
mathematics needed for physi cal education undergraduates.
Tn fact, this is the subject of my doctoral dissertation.
I have surveyed the majority of institutions that prepare
physical education majors. I have determined that the AnatomyPhysiology of Exerc i se-Kinesiology courses as well as Tests
and Measurements courses require some mathematical knowledge.
I am presently surveyinp. texts in these areas to determine the
type of mathematics needed.
I wish to be certain that the texts used most often in
these areas are included in my survey. Your assistance is needed in this area. Would you kindly supply me with any marketing data which might show the leading texts in these areas;
specifically, Anatomy, Physiology of Exercise, Kinesiology,
and Evaluation (Tests and Measurement) in Physical Education?

Should you be kind enough to ship copies of your "bestsellers" in these areas, T would return them, place them in
the Springfield College library, or give them to the appropriate faculty member at Springfield College as you indicate.

However, my immediate concern is for the marketing data.
Your cooperation and prompt reply would be greatly appreciated.
Sincerely

Stanley

SPB/jb

P.

Brown

APPENDIX C

SECOND QUESTIONNAIRE TO PERSONS REPLYING
"yes" to quf:stion

1
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IS THE COURSE DESIGNED SPECIFICALLY FOR PHYSICAL EDUCATION

UNDERGRADUATES
OF

STATISTICS

A COUI
)

Q
.

FOI

SK IN TESTS AND MEASUI EH ENTS

(

OR EVALUATION,

PHYSICAL EDUCATION?
If yes, please check, OMIT remainder of
the questionnaire, end return,,
Thank you

«°

If no, kindly complete the questionnaire
and return.

PLEASE ENCLOSE

NAME OP

NUMBER OF

TEXT

C'

A

COURSE DESCi IPTION

OV

OUTLINE

USED

EDITS POf THE COURSE

CATOLOGUE NUH3ET OF THE

COUI

SE

TlIAiiK

YOU

SOURCES CONSULTED

SOURCES CONSULTED

A.

Colleges and Universities Surveyed

Alabama

Alabama State University
Auburn University

Montgomery
Auburn

Athens College

Athens

Livingston University
Mobile College
Stillman College
University of Alabama

Linvingston

Mobile

Tuscaloosa
University

Arizona

Tempo

Arizona State University

Arkansas
State University

Arkansas State University
Henderson State College
John Brown University'

Arkadelphia
Si loam Springs
Arkadelphia

Ouachita Baptist University
State College of Arkansas

Conway
California

California State University
California State University

Hayward
Long Beach

California State University
California Polytechnic University

Los Angeles

Chico State University
Fresno State University
Humboldt State College

Chico

Los Angeles Baptist College
Sacramento State College
California State University
San Francisco State University

San Jose State University
University of California

Pomona
Fresno
Areata
Newhall

Sacramento
Northb ridge
Sail

Francisco

Snn Jose
Los Angeles

Colorado

Adams

State College

Alamosa

Colorado State University
University of Colorado
University of Northern Colorado

Western

Fort Collins

Boulder
Greeley
Gunnison

State College

Connecticut

University of Bridgeport
Southern Connecticut State College

Bridgeport

New Haven

Florida

Florida Atlantic University
Florida State University

Boca Raton

University of Florida

Gainesville

Tallahassee

Georgia
Athens

University of Georgia
Idaho

Caldwell

College of Idaho
Illinois

Eastern Illinois University
George Williams College
Illinois State

University

McKendree College
University
Southern Illinois University

Northern

Illinois

University of Illinois
Western Illinois University

Charleston

Downers Grove
Normal
Lebanon
DeKalb
Carbondale
Urbana

Macomb

Indiana
Ball State University

Muncie

Franklin College
Huntington College

Franklin

Huntington

Indiana Central College
Indiana State University

Indianapolis

Terre Haute
Bloomington
Oakland City

Indiana University

Oakland City College
Purdue University

Lafayette

Iowa

Buena Vista College
Iowa State University

Storm Lake

Simpson College
University of Dubuque

Indianola

University of Iowa
University of Northern Iowa
Upper Iowa College

Iowa City

Westmar

LeMars

.Ames

Dubuque

Cedar Falls
Fayette

College

Kansas
Bethany College
Bethel College
Fort Hays State College
Kansas State College of Pittsburg
Kansas State University
University of Kansas

Lindsborg
North Newton
Hays
Pittsburg

Manhattan

Lawrence

Kentucky
Campbellsville College
Eastern Kentucky University
Kentucky State College
Murray State University
University of Kentucky
Western Kentucky University

Campbellsville

Richmond
Frankfort

Murray
Lexington

Bowling Green
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Louisiana

McNeese

State University

Lake Charles

Northease Louisiana University
Northwestern State College

Monroe
Natchitoehes

Maine
University of Maine
University of Maine

Orono
Presque

Isle

Maryland
Frostburg State College

Frostburg

Towson

Towson

State College

College Park

University of Maryland

Massachusetts
Boston

Northeastern UniversityUniversity of Massachusetts

Amherst
Michigan

Central Michigan University
Eastern Michigan University

Mt. Pleasant

Michigan State University
Northern Michigan University
University' of Michigan

East Lansing
Marquette

Wayne

Ypsilanti

Ann Arbor
Detroit

State University

Kalamazoo

Western Michigan University
Minnesota

Bemidji

Bemidji State College
Moorehead State College
St. Cloud State College

Moorehead
St.

Cloud

Mississippi

University of Southern Mississippi
Mississippi State University
Mississippi Valley State College

Hattiesburg
State College
Itta

Bena

Missouri
Central Missouri State College
Northwest Missouri State College
Southeast Missouri State College
Tarkio College
University of Missouri
School of the Ozarks
Southwest Baptist College

Warrensburg
Maryville

Cape Girardeau
Tarkio

Columbia
Point Lookout
Bolivar

Montana
Eastern Montana College
Rocky Mountain College
University of Montana
Northern Montana College

Billings
Billings

Missoula
Havre

Nebraska

Doane College
Kearney State College

Kearney

JFK

College
Peru State College

Wahoo

University of Nebraska

Lincoln

Crete

Peru

New Hampshire
Plymouth

Plymouth State College

New

Jersey

Glassboro

Glassboro State College
Montclair State College

Upper Montclai

New Mexico
University of

New Mexico

Western New Mexico University

Albuquerque
Silver City

1

Now York
Brooklyn College

Brooklyn

Ithaca College

Ithaca

King’s College
State University College
State University College

Briarclifl

Manor

Cortland
Buffalo

North Carolina

Appalachian State University
Atlantic Christian University'

Boone
Wilson

East Carolina University

Greenville

Elizabeth City State College
Elon College

Elizabeth City

Lenoir Rhyne College

Hickory

Pembroke

Pembroke

Elon

State College

North Dakot a

Dickenson State College

Dickenson

Jamestown College

Jamestown

Valley State College

Valley State

Ohio

Ashland
Bowling Green
Oxford

Ashland College
Bowling Green State University

Miami University

Columbus

Ohio State University'
Ohio University'
University of Akron

Athens

Akron
Youngstown

Youngstown State University

Oklahoma
East Central State College
Northeastern State College
Oklahoma Christian College
Southeastern State College

Langston University

Ada
Tahlequah

Oklahoma City
Durant
Langston

1-lU

Oregon

L infield College

McMinnville

George Fox College
Eastern Oregon College
Oregon College of Education
Oregon State University

Newbcrg
LaGrand
Monmouth
Corvallis

Pacific University

Forest Grove
Portland

Portland State University

Pennsylvania

East Stroudsburg State College
Lock Haven State College
Pennsylvania State University
Slippery Rock State College
West Chester State College

East Stroudsburg

Lock Haven
University Park
Slippery Rock

West Chester

South Carolina

Due West

Erskine College
South Dakota

Dakota State College

Madison

Sioux Falls College
Yankton College

Sioux Falls

Yankton

Tennessee
Bethel College

McKenzie

East Tennessee State University

Johnson City

Memphis

Memphis

State University

Middle Tennessee State University
Tennessee State University
Tennessee Technological University-

Murfressboro
Nashville

Cookeville

University of Tennessee
Carson-Newman College

Knoxville

Lane College

Jackson

Jefferson City
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Texas
Bishop College
East Texas State University
Howard- Payne College

Lamar

Dallas

Commerce
Brownwood
Beaumont

University

North Texas State University
Paul Quinn College
Sam Houston State University
Southwest Texas State University
Sul Ross State University
Texas Technological University
Texas A & I University
University of Texas at El Paso
West Texas State University

Denton

Waco
Huntsville

San Marcos
Alpine

Lubbock
Corpus Chris ti
El Paso
Canyon
Utah

Provo

Brigham Young University
Virginia

Bridgewater

Bridgewater College
Washington
Central Washington State College
Eastern Washington State College

Washington State University

Ellensburg

Cheney
Pullman

West Virginia
Elkins

Davis & Elkins College
Glenville State College

Glenville

Huntington

Marshall University

Morgantown

West Virginia University
Wisconsin
University of Wisconsin

Madison

University of Wisconsin in LaC rosse

Lacrosse
Oshkosh

University of Wisconsin

in

Oshkosh

University of Wisconsin in Superior

Supe rior

B.

Publishing Companies Responding

Burgess Publishing Company
7108 Ohms Lane
Minneapolis, Minnesota, 55435

McGraw-Hill Book Company
GO 7 Boylston Street

Boston, Mass., 0211G

The C. V. Mosby Company
11830 Westline Industrial Drive
St. Louis, Missouri, G3141
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C.

Textbooks Analyzed
Tests and Measurements

Barrow, Harold E.

,

Measurement

and McGee, Rosemary. A Practical Approach to
in Physical Education
Philadelphia*. Lea & Febiger,
.

1973.

Clarke, H. Harrison. Applications of Measurement
Education. 4th. ed. Englewood Cliffs, N.J.
1967.

Health and Physical

to
:

Prentice- Hall, Inc.

Franks, Don and Dcutsch, Helga. Evaluating Performance in Physical
Education. New York: Macmillan Publishing Co. Inc., 1974.

.

,

Haskins, Mary Jane.

Wm.

Evaluation in Physical Education

Dubuque, Iowa:

.

C. Brown Publishers, 1971.

Johnson, Barry L. and Nelson, Jack K.
Evaluation in Physical Education
Burgess Publishing Co., 1974.

Practical Measurements for

2nd ed.

.

Minneapolis, Minnesota:

Mathews, Donald K. Measurement in Physical Education
W. B. Saunders Company, 1968.

McCloy, Charles H. and Young, Norma
Health and Physical Education .
1954.
Inc.

D.

New

.

Philadelphia:

Tests and Measurements in
York: Appleton-Century-Crofts,

,

Meyers, Carleton R. and Blesh, T. Erwin. Measurements in Physical
1962.
Education. New York: The Ronald Press Co.
,

in
Neilson, N. P. and Jensen, Clayne R. Measurements and Statistics
Publishing
Wadsworth
Physical Education . Belmont, California:

Co., 1972.
Safrit,

Margaret

J.

Evaluation

in

Physical Education.

Englewood

Cliffs,

N.J.: Prentice-Hall, Inc., 1973.
Scott,

M. Gladys and French, Esther.
Physical Education
1959.

.

Measureme nt and

Dubuque, Iowa:

Wm.

Evaluation

in

C. Brown Publishers,

144

Sheehan, Thomas J. An Introduction to the Evaluation of Measurement
Data in Physical Education . Reading, Mass.
Addison-Wesley
Publishing Co. 1971.
:

,

Weber, Jerome C. and Lamb, David
Education.

St.

Louis:

R.

C. V.

Statistics and

Mosby Co.,

Research

in

Physical

1970.

Willgoose, Carl E. Evaluation in Health Education and Physical Education.
New York: McGraw-IIill Co. , 1961.

Kinesiology

Barham, Jerry N. and Wooten, Edna
Macmillan Company, 1973.

P.

Structural Kinesiology

Broer, Marion R. Efficiency of Human Movement.
W. B. Saunders Company, 1973.

Cooper, John M. and Glassow, Ruth B.

3rd ed.

Kinesiology.

St.

.

New York:

Philadelphia:

Louis:

C. V.

Mosby Company, 1963.
Jensen, Clayne R. and Schultz, Gordon W. Applied Kinesiology: The
Scientific Study of Human Performance. New York: McGraw-Hill

Company, 1970.
Kinesiology:

Kelley, David L.

Englewood

Cliffs,

Fundamentals

of Motion Description.

N.J.: Prentice-Hall, Inc., 1971.

Understanding the Scientific
O'Connell, Alice L. and Gardner, Elizabeth B.
and Wilkins Co.
Bases of Human Movement . Baltimore: Williams
1972.

Kinesiology and App lied Anatom y.
Rasch, Philip J. and Burke, Roger K.
3rd ed. Philadelphia: Lea & Febiger, 1967.

Scott,

Kinesiolog y.
Analysis of Human Motion, a Textbook in
New York: Appleton- Century- Crofts, 1963.

M. Gladys.
2nd ed.

Human Body Und er Normal and
Steindler, Arthur. Kinesiology of the
Illinois: Charles C. Thomas,
Pathological Conditions. Springfield,
1955.
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Wells, Katherine F.
5th ed.

Kinesiology:

Philadelphia:

The Scientific Basis of Human Motion
W. B. Saunders Co. 1071.

.

,

PHYSIOLOGY OF EXERCISE
deVries, Herbert A. Laboratory Experiments in Physiology of Exercise.
Dubuque, Iowa: Wm. C. Brown Company Publishers, 1971.

deVries, Herbert A.
Athletics

Physiology of Exercise for Physical Education and
EXibuque, Iowa: Wm. C. Brown Company Publishers,

.

1974.
Falls, Harold B.

,

ed.

Exercise Physiology

.

New York: Academic Press,

1968.

Karpovich, Peter V. and Sinning, Wayne E. Physiology of Muscular Activity
7th ed. Philadelphia: W. B. Saunders Co.
1971.

.

,

Mathews, Donald K. and Fox, Edward L.
Education and Athletics.

The Physiological Basis of Physical
W. B. Saunders Company, 1971.

Philadelphia:

Mathews, Donald K. Stacy, Ralph W. and Hoover, George N. Physiology
Ronald Press
of Muscular Activity and Exercise. New York:
Company, 1964.
,

,

Morehouse, Laurence E. and Miller, Augustus T. Jr. Physiology
6th ed. St. Louis: C. V. Mosby Co., 1971.
Exercise

of

.

Experiments in the Physiology
Philadelphia: Lea & Febiger, 1970.

Ricci, Benjamin.

Ricci, Benjamin.

Physiological Basis of

ol

Human Performance

Human Performance

.

.

Philadelphia:

Lea & Febiger, 1967.
Shaver, Larry G. Experiments in Physiology of Exercise.
Minnesota: Burgess Publishing Company, 1973.

Minneapolis,

Experiments and Demonstrations in Exercise Physiology
Springfield, Massachusetts: Springfield College, 1972.

Sinning,

Wayne

E.

Harold M.
Zanner, Christian W. Stainsley, Wendell N. and Kaplan,
Cliffs,
Englewood
Laboratory Experiments in Exercise Physiology
Prentice-Hall, Inc., 1970.
N.J.
,

,

.

:

.

llG
1).

Persons Interviewed

Faculty

members

at Springfield

Archie Allen

College and the University of Massachusetts:

- Springfield

College

James Anderson - Springfield College
Edward Bilik - Springfield College
David Bischoff - University of Massachusetts
Wayne Doss - Springfield College

Raymond Gilbert - Springfield College
Thomas Hay - Springfield College
Clifford Keeney - Springfield College

Kenneth Klatka - Springfield College
Paul Lepley - Springfield College
Mildred Murray - Springfield College
Douglas Parker - Springfield College
Diane Potter - Springfield College
Benjamin Ricci - University of. Massachusetts
H. Joseph Scheuchenzuber - Springfield College
Irvin

Schmid

- Springfield College

Emery Seymour
Sherrod Shaw

- Springfield

College

- Springfield College
- Springfield College
Sinning
Wayne
Edwart Steitz - Springfield College
William Sullivan - Springfield College

Students at Springfield College and the University of Massachusetts

Beth Bennett “ Springfield College
William Cramer - Springfield College
Burton Davis - Springfield College
Nicole DesRosiers - Springfield College

Fagan - University of Massachusetts
Gail Goodspeed - Springfield College
Louis LaPenna - Springfield College
Dennis Lukens - Springfield College
Richard Miller - Springfield College

Julie

Otto Shillieto - Springfield College

Stephen Sibley - University of Massachusetts
Carol Swindler - Springfield College
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E.

Relevant Books and Periodicals

American Association

of Health, Physical Education, and Recreation
Professional Preparation in Banco, Physical Education,
Recreation Education, Safety Education, and School Health Education

Publication.

.

Washington: American Association of Health, Pnysical Education,
and Recreation, 1974.

American Association

ol

Health, Physical Education, and Recreation

Professional Preparation in Physical Education and
Washington: American Association of Health, Physical
Education, and Recreation, 1974.

Publication.

Coaching

.

Astrand, Per-Olot and Rodahl, Kaare. Textbook of Work Physiology.
York: McGraw-Hill Book Co. 1970.

New

,

Bookwalter, Karl W.

Programs

in

"A Score Card

lor Evaluating Undergraduate Professional

Physical Education" School of IIPER, Indiana University,

1962.

Buice, Mary. "Self-Evaluation of Undergraduate Professional Physical
Education Programs in Institutions of Higher Learning” Dissertation.
University of Texas, June, 1953.

Bunn, John W. Scientific Problems
Jersey: Prentice-Hall, Inc.
Chaffee, Ellen E.

Anatomy.
Doss,

Wayne

S.

,

of

Coaching.

Englewood

Cliffs,

1955.

,

and Greisheimer, Esther M. Basic Physiology and
3rd ed. Philadelphia: J. B. Lippincott Company, 1974.

"A Manual

Physical
of Applications of Physical Principles to

Education" Unpublished Master's Thesis.

Springfield College, 1949.

and Physiology
Grollman, Sigmund. The Human Body, Its Structure
1974.
Inc.
New York: Macmillan Publishing Co.
,

Hay, James E.
Jersey:

New

Biomechanics

of Sport

Prentice-Hall, Inc.

,

Technique^

.

3rd ed.

,

.

Englewood

Cliffs,

New

1973.

?" The Mathematic s
Hendrickson, Dean. "Why Do We Teach Mathematics
468-70.
Teacher, Vol. 67, No. 5 (May, 1974), pp.
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"HPER

Directory
Health,

oi' Professional Preparation Institutions,"
Journal of
Physical Education, and Recreation, January, 1974, pp. 35-3(i.

Karpovich, Peter V. Physiology oi Muscular Activity
"Originally by
Edward C. Schneider." 5th ed. Philadelphia: W. B. Saunders Co.
.

1959.

Kelley, David L.

"Supporting Biomechanics Subject Matter in the Undergraduate Curriculum, " Kanesiolo^vJV. Washington: Committee on
Kinesiology of the Physical Education Division. American Association
of Health, Physical Education, and Recreation, 1974.

Langley, L. L. Telford, Ira. R. and Christinsen, John B. Dynamic Anatomy
& Physiology
4th ed. New York: McGraw-Hill Book Company, 1974.
;

;

.

Marion, Jerry B. and Davidson, Ronald C. Mathematical Preparation for
General Physics. Philadelphia: W. B. Saunders Company, 1972.
Mitchell, Philip H.

A

Textbook

McGraw-Hill Book Co.
Mohr, Dorothy R.

,

of

General Physiology.

5th ed.

New York:

1956.

"Identifying the Body of Knowledge, " Journal of Health,

Physical Education, and Recreation, (January, 1971).

Physical Education Division Committee of the American Association of Health,
Physical Education, and Recreation. Report of the Committee. "A
Guide to Excellence lor Physical Education in Colleges and Universities,"
Journal of Health, Physical Education, and Recreation, (April, 1971).

"Mathematical Preparation for Introductory Physics,"
Material reproduced for classes at Springfield College, 1973.

Polito, Peter J.

"Report of the Committee of Nine, " American Physical Education Review
Vol. 6 (September, 1901), 221.

,

al Preparation
Snyder, Raymond Albery and Scott, Harry' Alexander. Profession
York: McGrawin Health, Physical Education, and Recreation. New

Hill

Company, 1954.

Springfield College Student .

"Physical Education Division Ranked No.

Nation." (September 17, 1974).

1 in

150
Thrall, Robert M., cl

Some Mathematical Models

al.

Arbor: The University

Tuckman, Bruce W.

in Biology.

Conducting Educational Research.

Brace Jovanovich,

Ann

of Michigan, 19G7.

Inc.

,

New York:

Ilarcourt

1972.

U. S. Department of Health, Education, and Welfare.

Conferred: 1970-71

Werner, Peter.

.

"Classifying

Physical Educator

,

Earned Degrees
Washington: Government Printing Office, 1973.

Human Movement Through

Set Theory,"

The

October, 1972, pp. 140-141.

Werner, Peter. "Integration of Physical Education Skills with the Concept
of Levers at Intermediate Grade Levels," Research Quarterly
December, 1972, pp. 423-424.
,

